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BB SO R el C 8k C++ WP B i, [EV6E A4 S 75 Python BL%aRThAE. ARLAAIAR
B PAEFEHI R, WAl DAE FEHI B E & H 5 ¥ (method) . SC{HEI 28t @&-flivd anfal 1 Python
FETHIA S — W R, (E R FTRE S (extension language) (] . 5%, B & RN WA Hi s A L
GEEFCRA, (RSB T DAB) REML (FEIEATIE) WA B ERESSh, AiRRIREEE R S R EM
ifg.

T2 3 [ERH SO B 5 ELAf Python A RSB . B IGEE S IEIE RN 4R, 752 [ ttorial-index .. reference-
index % T It 7E = HHIER AU E . library-index 50E 70T 5 & BE 2 E A 40 i - E) . st ([
BRI DA Python S5 1Y ) AAH .

B 52 B4 1 Python/C APL FEAINAH, F52[E)5) 4h—1) c-api-index.
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RS =07 TR

B e E I T Ik CPython MU FHRALY) . A ST SRR A T H. 5= T H, Bilfn Cython, cffi.

SWIG Fl Numba, {4t T 5 [EIfdy 2 &% (FIEFkRY £ 3, 3R[E Python 57, C Al C ++ fE 7.
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Vi



http://cython.org/
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CHAPTER 2

A S =07 TR % 7T

AdeE P E W E, EEASE = THE T, frE@ss Cfl C ++ 7. BEERR A
AL T HAAIVEE A, AR A O C ECHERS 5.

2.1 U, C o C++ P3¢ 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 AR GEH R 7> %S . Python ) APT AT DA AE—A C YESCAF T "Python. h" KR

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

i) C 4 J4 i CPython, ¥R JCYELEH A Python 53 b TAE. YERZENGILT, Wik 5
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 AT BT

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 .
c.)

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>

X3 A Python APT (MIARARFVC, ARAT LATEE HLES A ELE H ARAUBA fE SRR .

#E): i Python W] AES: i SL—SL M BE L R G0 AR Sk SCURI AL B A2 S, PRI TE A S AT AT A Sk
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);

}

HNBEEMESES LN ITE GHNEMmE “1s-1") B Z4 85 C MM SE. C R 2/MN
B, AT self Fl args .

XRERGE BREL, self ZRHRTIRBSR ; XTI IR MR [ % G501

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

2.1.2 TR RE

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

Python APT 15 S T 86 i KOk 1 Tk B i

I # M B B2 PyErr_setstring (). HBHMEREXN LM C ¥ H. FHEIR BRI R
PyExc_ZeroDivisionError XFEHHIE LG, C FAFH TR IEE, H ikl —1> Python
TFAPHM RN T RIRAE

6 Chapter 2. AV =05 THA I 5
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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. U C 5 C++ $ 3¢ Python 7
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W RE N Python ZF 2 spam.error . [fj PyErr_NewException () H#A AAIE—, H
HI5 Exception (JRAER A —1FME A LA NULL ), 4752 L bltin-exceptions .

] FE A T 2 B PR AT T SpamError — 5], XRAEM. N TP IR s, 5 )
spamError KN &M B 14T

—2x1HE PyMODINIT_FUNC 1fh s EIGR Bl 224 1 v
spam.error SEH A DATEY Rl , it PyErr_SetString () BREEM, WF:

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 %1
I S G0 T, AR A% R T A A

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

WRAES RN AR FN IR, ERRR [B] NULL ({2 IR B G R B A s BT 6 RO SR R AR 7). X
T PyArg_ParseTuple () WEMFH . TEHAMGIL T SHA TR E WS VL F| JHHRAL i command.
e MEFHEIF BARA NI IE ST B 745 o (RERRifE C o, 28 command R 244 IR A
7/ const char *command).

TANEA ] UNIX RS AL system (), RSBH NS HERIA M PyArg_ParseTuple () Uil
HY:

’sts = system (command) ; ‘

T AT spam.system() B 23R [l sts [ {H /E 4 Python XF 4. X il i i FH o& %k
PyLong_FromLong () I,

’return PyLong_FromLong (sts); ‘

FERXFEOLT, SRl REO R, (XX &1k Python Mt BT HE) .

WRARA C BREA A IR IME GRIFl void BYRRED), WIXFR K Python pRELA IR ] None, ARIAZ
XA S YA (W PAEL Py_RETURN_NONE 2 5EH])

Py_INCREF (Py_None) ;
return Py_None;

Py_None »24§7k Python Xf 4 None Xt C £ ¥5. B — I HIER Python XA MAJE NULL 54},
WIAVN,, JGEAERZEE TP ERE “HHR7.

8 Chapter 2. AV =05 THA I 5
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2.1.4 B IGikFMoIia b %L

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

RSB =240 (METH_VARARGS ) , XMr&EfaE M C iy RG], Wik{EH METH_VARARGS .
METH_VARARGS | METH_KEYWORDS ., {H 0 f0#ffif] PyArg_ParseTuple () HIMKIHZS &,

R Ml ] METH_VARARGS , BR # & % ff Python %k tuple #% 3Ry 2 4k, I & & il /)
PyArg_ParseTuple () #F7#MT.

METH_KEYWORDS AR AMT B MR C MEHEREA =1 pyobject * W&, &
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

XA EEF R AL 1 25 AR AR OB A AR AL PR AR WIAR LR B i v 44 8 PyInit_name () , HH name
BT, HNZE SO AR static , HAERIHRICMER:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

¥ PyMODINIT_FUNC $f s $( A PyObject * iR[EIZRA, BB TALA0 V& Br 2K IR SRR 56 4% 7
B, FEERT C++ BFEREGEI S extern "C",

24 Python FEFF IR S A spam fiki}, PyInit_spam () 28 . (4 XA Python B3RS 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
ﬁngﬁﬁﬁJcHﬂ‘iBlﬁl NULL, ¥J4AAL s R [ G 45 i 3, X REE il ARE A E 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. U C 5 C++ $ 3¢ Python 9
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LR
/* Add a built—-in module, before Py_Initialize */
if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit (1);

}

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

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

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

PyMem_RawFree (program) ;
return 0;

ffilEl: 2 sys.modules MRS GA CARFRYLE] — IR By 2 RES: (S fork () 1
Bl exec () ) AE—LEy AL B4R IR, 3 REBTHEE AT AERD fR A N SRR S AR I 4 HH e o

Eg %?*ﬁﬁ%é@%iﬂ@%?@’éﬁ Python ﬁ@@ﬁ@ Modules/xxmodule.c EP ° ﬁ%iﬁ:ﬂ V/Uﬂﬁﬂh
AR, sE 5> . B4 modulator.py 10 & E JRAS & 17t Windows 2245 v, AL T — /MR R
GUI, AT P R BORIxT 4, I BT PAZE B E A BB . I ASHE Tools/modulator/ H 5%, 7
% README DA T fi# %

HEE): NMEFA spam T, xxmodule il T % & #7441k (Python3.5 FF455] A), PyInit_spam
2R [A]—A> PyModuleDef Z5t4 {4, SR 5 QIE RO E] T AMLE] . 4017555 PEP 489 W Z K Biwliqft.

2.1.5 ZuikItEs:

TEVRBEME AR BT S R Z W, IRE 75 MM 4 - (1 Python REER gniflstse. WIRREH
ShASmE, XBHFRE A EEREN SN B2 FELESHRFY R ET (e
C/C++ Fr e TT), PAMAE Windows FIgiFFREMBIMEE (& Windows LA CHo C++ I & F7).

WERARA GBI ER, s BB AP 1 Python ARREZHK— 3R 2>, Wb 08 o i S

I RS . SEERAE Unix BRI, HFREIEARI S ( spammodule . ¢ B O E 45
PR A7) Modules/ HER, Wl—47%] Modules/Setup.local AR SCHA::

spam spammodule.o ‘

IRIGAETIZ H ST make REHHEMRER . (R A AME Modules/ 1 H R make, {HR2IRLH0
JEH# Makefile I, R)Fia T make Makefile’ 4. (FREHAIEIL Setup ST ZOZAEERIE . )

R TR BB B, X LS AT A I AR SO L, 28 S0

10 Chapter 2. AM¥EHISE = )5 THE 5
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spam spammodule.o —-1X11

2.1.6 1r C vp i} Python pf%k

oAk, FAT—EHACHEE L THE Python ] C e %, HSLGad R ARG M, wiie i C ¥ Python
IZ@I XAE I R B CHAT Y o 2R —A C 3 R IR, 38 2 s S B A [ AL A

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
HT%TﬁéﬁEﬁi‘ (=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. U C 5 C++ $ 3¢ 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_BuildvValue("{s:i}", "name", wval);
result = PyObject_Call (my_callback, NULL, dict);
Py_DECREF (dict);
if (result == NULL)

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

21.7 RTINS E

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) */

21. U C 5 C++ $ 3¢ Python
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2.1.8 4 B w28

PR%Y PyArg_ParseTupleAndKeywords () FEAEHAUNTF:

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

arg 5 format )t % 5 PyArg_ParseTuple () REUITIE XI—3 . kwdict T Z2VE R 5 =A% Python
IBATHF R RS . kwlist TR 22 DA NULL 5 R FAF RS, BRI HIES: BN ER R
53k H formar 2585 BAHVCES . AR IATHEN, PyArg_ParseTupleAndKeywords () £k B HH,
1 NR FHERAE 5| K — i 24 1 55

f(El: B B TTATE S T SN TR AL, ANTE kwlist IR ETSHA T8 TypeError R,

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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(R L —5)

PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;
}

2.1.9 WA

XANRES PyArg_ParseTuple () RAAMEL, AT :

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

B2 — R FEA ., 5 PyArg_ParseTuple () H[FE, (H2SHUNMR A B HIEFGE G AL E
B, midkEH). R A Python % 4iE & Tk 8] C p&E0 I 45 Python {45 .

—A~5 PyArg_ParseTuple () WIAREZ, J& il fETH 5 EoR IR [ —4~7c4] (Python S8R E 2
TEWFERRA ), Lol T1% i 25 HiAth Python s PASEL. Py_Buildvalue () HAEZA4MITH,
HEZT 1 NSHE S AN, R EE SERE None , — SN H R FZSERIT 5. W
RFEOR R A — KA oedl, s g— e R e, FEEKFEASE T RS .

Bl e da M, A2 Python {HELR):

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_Buildvalue ("s#", "hello", 4) 'hell"
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue(" () ") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_BuildvValue (" (i,i)", 123, 456) (123, 456)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

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

2.1.10 1%

TE CIC++ BT H, BF BT ahiSa Bl (heap) 24 g NFF. 75 C B, Wi R malloc () Al
free () K5EM. 7E C++ HZEHAE new fll delete S FAYTIHE .

3~ malloc () AFECAYNAEER, IRZAHREIH free () REFIW HNAAR BRI 2. WM free () M
PR EE, MR ANFRET free () W SFEUNAAM, X TAERE 45 A B JCIRET
o XU A AR . TSR [ — N FEBR free () TRAKG, BAM—I84F T, IR
malloc () RXRNFFLFEPR . XM e84t R TN ARMIGARI LD, core dump, FFiRES
A, PHRLE AR IS .

AT R AR S AR A — SO RN WL AR i A i bt — AN R BOR T TN RAE, BT S8R, ARG
RS BAE— L8508 eR B A BT REHE XS MO AR I A IR A 1F SR S A R BB ] 1
XARA T e EB AR N AE, Rl S . XA TR, —HEIA, R AR A
MELARGIN Y, R R T A B A, i B SO AR BRI BRI AAY, B ARG {FE K Uiz
Ao SR G R RSO A AR . R, A B A A AT S SRR /Mt
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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 5 %%

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

FEMAT A A5 D, 8] Py_INCREF () . XA EMCLME HIIA ERPRES . X208 —1
BHWATIN, FRTRENIAETUE CHRIAE LA LR ET I, R TR IA EARE) -

AT AL

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«
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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 & .

SIS RLRY S
AORET, SN AERRICE, HAEESEIE. Xl 5 e RS i BaCR A, HFalfe
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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(R L —5)

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

NULL 5%

W, X5 MEASEH RO Ay BARE 45 E T NULL 3541, FF HU ARSI (2K
TELAE S BOZ LR ) o R IR |14 R B0 5 A 28 I AR 1 S i AR 1] NULL., A NULL
SR I AT X 28 R R 28 8 SR E AT T T MO X G A8 25 A bR A - AR i B AG NULL,
SFEOCE I TUARARI M A U T 18

HRFRMEARRAE “PEL" EARIN NULL, RIFERE]—SalAE0 NULL B85, AR A malloc () B{
e NI HES | 57 Y R AR IR

Py_INCREF () Ml Py _DECREF () ¥R AKX NULL $84 — (H2, B4R Py_XINCREF ()
Py_XDECREF () W& .

FAT AR A 4 KU (Pytype_Check ()) K&K NULL $51 - FAEHL, A KBTS & &80
FCEE A M G A R LR R R FIRAY —, Bol 2 RITUARIIIR . RAFLEAT NUTL &
e

C R B AL 2 PRUEL 48 C BB S ARl args) A& NULL - S2br EE S RUEH
B h—Ind

LA RS NULL 4541 “WtEE” 43 Python iR /&A™ E Y HE IR -

2111 {f£ C++ P4 Y g

BT ATE C+ gn G i, FURASEME. AR 427 (Python M) 2 C G ke i Al
HEER, RSN RS SN BE T . AR Ct SRR SRR AL A X . AL
24 Python fEEREAA I Gl H SR AIAN LG LR BD AR extern "C" , TIIETHAE extern "C"
{...} B4 Python SKICPFNMIAZAB AT L, POAUIARE X THFS __cplusplus ME 42X 4 /W]
BT A B Crt it e i SOXAF5)

2.1.12 4P R C API

REY FEBHRAL 1B ek B AL Python i, (EA I REALER BLAY AU th n] ACH b AR R 1l

o B, —AN AT PASE B — 28 collection” 75 L K 2 A FUT Y . 515 /2 Python 41| 287 |

gﬁ é AP AV RAHCR BT AES 512, XA A2 DAA — Mk C s8I0 T4 Hofth g i
B

TR EAAR G AT EHE A CofRAEIh static), SRAUAZAILICHE, AR CAPTHYSCRY. 5K
b EAETA I R 2 S A 2] Python RRERRIT U2 Ml DR TARRY. AR DUIE gk, —
ANBER AR RS RE SO 75— BRI L. AT LTS TR R S, — 28R GEH Python ARREAR (4]
R4 25 ) (B0 Windows), A LEMIFEHERE I 75 20— A I 2 R ALF S8R (— MBIl 12 AIX), K
FPRPERTERA R s (A Unix Z851). BVERATS-2 4Rl WA, REER F ARt T B i R 2 .

A REAE LT B REXIAT S AT WA AT R . X TEWRIE Y R L I A S 7R static
B TR RI AR LR A, R S HA Y AR G dir 4 vh e (FEBE AR 7y R R Ae s 1L A TR
XEWRERT S A% 24 FUE I HA T 1 07 2R A Y A 1) o

Python 42 fit T — M BIRIHLEI R AL 1% C ZEE GEED, M— AP B 5) —4>: Capsules, —
Capsule ;2—> Python ${#li2k2, {77484 (void *). Capsule Hfigidif K C APLREIEANTI, {H
"] AR AL Python X 52— HEr i . %, FRATHIDASEE — A9 Rt a2 25 M 4 5 HoAh ™ AR
DA AR, BREGXN 4 FRIME, SR)5 M Capsule ZREUR

S MIRMEA IHA KU I 205E i, S AIER T, AR AT TR Z AR .
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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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(e )

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;

R PySpam_API FH N static ; HWAMEHELSHE PyInit_spam () 45 ETH KR!
Sk spammodule . h B —H#ETAE, HERUT IR

#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);

i3
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(R L —5)

return (PySpam_ API != NULL) 2 0 : -1;
}

#endif

#ifdef __ _cplusplus
}

#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B Ui AL R 2T A 2] i A R R HL R R T BRI AL import _spam () (BCH ) A BE DT ) eR 4K
PySpam_System () o

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;

}

XAITIAR) EE R R, XMF spammodule. h i FRIR. MR, WA EFHARE, BEALTH AP
1, BreA RS EEE] —R.

I 5 w7 AR R 1) /2 Capsule $24IL T #AMYTIAE, H T FEfEAE Capsule ML H5 5T 09 W AE 70 BUFIREIC. 48
5% 2% Python/C APl 2% Tt E Y capsules #il Capsule f5Z ¥ (£ Python Y55 % 174K Include/
pycapsule.h fil Objects/pycapsule.c).

a4
2.2 FIEX Y I H

Python fL¥ 45 C 4 AL E UnT LA Python fURSH BN RBTRAL, XMRBNER str FI List KA,
PR SR AR ERREOG — I, HRAERTT IR AT, R T Leany . X S XA~

B4

2.2.1 3Lk

CPython AT T4 Python X #0257 PyOobject * (7454, B Frfy Python X} 42 1" LAl
PyObject ZEMIKAR B8 T XS reference count FIXFGAG” BN 527, AN G 2 R A v 1]
WELL (C) %k, Blan—AS@EbEEif— Mg, — AN B, SE5S DR, XL C REER
R CRBUEEY

FIrPA, AISRARRRE E SR 2R, FR LA B 2R BN 42

X HAE B FERe, X B — /MU ESE R AR, & TR 2B custom 7E C P @
Pt custom HL,

Ml X BLURIRI ik X static 3 RIS LG5 AT VAE AR & . C APT W] DAE SCTEHE
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FAYERY LR, i) PyType_FromSpec () BREL, EHATEARAITHEITE.

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

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

i

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(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;

X RE G R, X2 N TR E—=aexi# b XA S0 T =g
1. Custom ZEHIXT4 object 15 T 1 CustomObject £, XL NEFA Custom SEFHHE—IK .

2. Customtype IfT4: XA CustomType 541K, HE LT —HEbRR IR EEEST, PRk
BRI

3. #hEAL custom L PyInit_custom ERECHIXTN H) custommodule ZEH{A .,
SR Y2

typedef struct {
PyObject_HEAD
} CustomObject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object struct and
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defines a field called ob_base of type PyObject, containing a pointer to a type object and a reference count (these
can be accessed using the macros Py_TYPE and Py_REFCNT respectively). The reason for the macro is to abstract
away the layout and to enable additional fields in debug builds.

flE): ERAE PyObject HEAD JGIH 45 . RAMNNINAS & SRR IFAHLR 4.

IR, X4 THE PyObject _HEAD fEEHHEAN, A AN Flan, an & LT FrifER Python 77 5
.

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AR IR R Y E S

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

fE): O L CO9 KRNI, VARSI FTA Y PyTypeObject FBt, HAREREATH
T, IEAE AT DAE G KT T B E W -

1 object . h 5Lk E LK PyTypeObject HA AN EE NHZH) FE. RIRHTE2H C %iikds i
BRI, WEHEIBE A RAMITEENT, BRIRIEFEEN.

ek —akn, BR—I7FE:

’PyVarObject_HEAD_INIT(NULL, 0)

AT dl AR, AR A EFREI) ob_base FBL:

’.tp_name = "custom.Custom",

AT PR K BAEFRA TR R BN SCARZ R AL A BT R, Biln:

>>> "" + 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.

f#(E):  If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its
base type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your
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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
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 = PyDoc_STR("Custom objects"),

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

.tp_new = PyType_GenericNew,

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

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

This initializes the 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"])])

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.

RXFFAME, Ffub?

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

f#E):  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
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on how to do this is out of scope for this document and can be found in the Python Packaging User’s Guide.

2.2.2 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? 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;

} CustomObiject;

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

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

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, "|00i", kwlist,
sfirst, &last,
&self->number))
return -1;

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

QS
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Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;

}

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

}

return O;

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

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

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
bi

static PyModuleDef custommodule = {
PyModuleDef_HEAD_INIT,
.m_name = "custom2",

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

bi

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

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

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;

} CustomObject;

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
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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.

#i[El: The explicit cast to destructor above is needed because we defined Custom_dealloc to take a
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;
3
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 tp_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. tp_new handlers always
accept positional and keyword arguments, but they often ignore the arguments, leaving the argument handling to
initializer (a.k.a. tp_initinCor__init__ in Python) methods.

#i(El: 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.

#E): We didn’t fill the t p_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.

#E: If you are creating a co-operative tp_new (one that calls a base type’s tp_new or __new__ () ), you
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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.)

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, "|0O0i", 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 O on success or
-1 on error.

Unlike the t p_new handler, there is no guarantee that t p_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 £1irst 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;
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+ 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’.

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! /2 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 £irst 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:

! 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.

30 Chapter 2. M= Jj T I il




Extending and Embedding Python, %[ 3.9.13

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

(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;

CF o gksr)
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self = (CustomObject *)
if (self != NULL) {
self->first =
if (self->first NULL) A
Py_DECREF (self);
return NULL;

t

self->last =

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

}
self->number = 0;
}

return (PyObject *) self;

static int
Custom_init (CustomObject *self,
{

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

}

return O;

static PyMemberDef Custom_members|]
{"number", T_INT,

"custom number"},

{NULL} /* Sentinel */

bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self,
{

PyObject *tmp;

if (value == NULL) {

type->tp_alloc (type,

PyUnicode_FromString ("");

PyUnicode_FromString ("");

PyObject *args,

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) {

offsetof (CustomObject,

0);

PyObject *kwds)

= A

number), O,

void *closure)

PyObject *value, wvoid *closure)

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

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

Py_INCREF (self->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;
3
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return O;

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

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

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

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

b
{NULL} /* Sentinel */

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

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

(FoHED
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return -1;

3

if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,

"The first attribute value must be a string");

return -1;

}

tmp = self->first;

Py_INCREF (value);

self->first = value;

Py_DECREF (tmp) ;

return O;

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

The setter function is passed the Custom object, the new value, and the closure. The new value may be NULL, in
which case the attribute is being deleted. In our setter, we raise an error if the attribute is deleted or if its new value
is not a string.

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,
&first, &last,

(N otaRsh)

3 We now know that the first and last members are strings, so perhaps we could be less careful about decrementing their reference counts,
however, we accept instances of string subclasses. Even though deallocating normal strings won't call back into our objects, we can’t guarantee
that deallocating an instance of a string subclass won’t call back into our objects.
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&self->number))
return -1;

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

}

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

}

return 0;

With these changes, we can assure that the first and 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 {

CFgkzE)

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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PyObject_HEAD

PyObject *first; /% first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static int

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0;

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) A
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;

QS
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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 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 O;

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;

QS
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if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_INCREF (value);
Py_CLEAR(self->last);
self->last = value;
return 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 = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

b

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)

QS
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return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

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

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;
3
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 *arq)
{

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0O;

#iF): 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);

Q)
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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).

#E): 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))

>>> print (s.increment ())

>>> print (s.increment ())
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#define PY SSIZE_T CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong (self->state);

}

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

bi

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 0O;

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),

.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,

.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

i

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

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

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

QS
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Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

return m;

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 objectis a SubList instance, its PyObject * pointer can be safely casttobothPyListObject
*and SubListObject *:

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

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

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

The PyTypeObject struct supports a t p_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;
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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.

JEnE
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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;

(T oUgkEE)
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/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;

} PyTypeObject;

XHA R 27k (HRAZERIL, WRREE 2R, i AR LB R IA.
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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;

MR BB T | T RO I H Python ARREEH R MBI, R BEpR . ASRARAYEAL,
WA AT ORI s A T A 3, AR FT DB B X H . R RA B W 2K R PAR 2 I B 7
il

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

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

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

Py_TYPE (obj) —>tp_free ((PyObject *)obj);
s

— AN BRI R B LI RO T RS CE A S . X AR EE B R A R A 2 R )
WA, SRSERER (MAEEFERED, NEEEMINERT RS 8 — 5 MR E . R
AR I ARATAT AR 2% 5 B8 A ) Python FUHE A4S 7 S R IR . 31X W] AE- S BURERS (112 1
Biige IEMRMIORI AR, RN EMERIERT, RAERIRE, REHERETRERE .. H GRS
PyErr_Fetch () Ml PyErr_Restore () HRECEILHL:

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);

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

f#(E): 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
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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.

M Python 3.4 J-ify, EFEANEAE tp_dealloc R ZRMALERAS, M2 AN tp_finalize HKA)y
o

b4
PEP 442 f ¢ T i &85 & .

2.3.2 X5 en

7 Python 1, 5 FP A 20T DAAE BRI R I SCAR R repr () BB str () B8, (print () RESHE
BRI str () o ) X EEALFRAR AR AR AT IR .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr AAPRREF WZIR Bl — AP S, H SR e sLfl £nEX. R 7
5

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

WERBAIE to_repr MBARSY, MREASRHEM—MEA tp_name BFIRIZALALIS G HE—F1 R
{H.

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.

MR AR

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

2.3.3 jBMEER

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

VA V4

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 PyOb ject * 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.

2R P B

REBY IR Wispmit, A4, Rt ailb/@mAess “fis” We? s e T LA
L 43 PyType_Ready () W, WAUHIE & LRI 5K
2. AT BRI AR BRID SR SR 2 R P R B, AR BARTE (R

TR, MBS TR PR ELA TSRS 18] s S Kt B A it O =X AT AT KR 40

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.

FW R A object:: 2RI = AN 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.
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PAF R & 8 X AE:file: * structmember.h ’; ‘B4 10T PAfH# F] bitwise-OR 2H 5.

[k X

READONLY WA ER)
READ_RESTRICTED Not readable in restricted mode.
WRITE_RESTRICTED | Not writable in restricted mode.

RESTRICTED TEZ AL F AT 32, A5,

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
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.

B

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{
if (strcmp(name, "data") == 0)
{
return PylLong_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 t p_setatt r 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;
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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_GE,Py_LT or Py_GT. It should compare the two objects with respect to the specified operator
and return Py_True or Py_False if the comparison is successful, Py_NotImplemented to indicate that
comparison is not implemented and the other object’s comparison method should be tried, or NULL if an exception
was set.

Here is a sample implementation, for a datatype that is considered equal if the size of an internal pointer is equal:

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

PyObject *result;

int ¢, sizel, size2;

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

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

switch (op) {

case : ¢ = sizel < size2; break;
case c = sizel <= size2; break;
case c = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;

}

result = ¢ ? 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,
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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;

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 ob3j1 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 call is 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)) |
return NULL;

3

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

Any iterable object must implement the tp_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.

Any iterator object should implement both tp_iter and tp_iternext. Aniterator’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, t p_iternext may return NULL without setting an
exception, or it may set StopIteration in addition to returning NULL; avoiding the exception can yield slightly
better performance. If an actual error occurs, tp_iternext should always set an exception and return NULL.

2.3.6 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).

hsH:
Documentation for the weakre £ 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 */
} TrivialObiject;

And the corresponding member in the statically-declared type object:

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, O0)
/* ... 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 ... */

(R ogkzk)
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(R L —5)

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

2.3.7 MR

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;

¥

%
F#% CPython JR{CHERRAS .  https://www.python.org/downloads/source/
GitHub | J% CPython JEfCi%1) CPython JiiH .  https://github.com/python/cpython

24 g C/IC++ ¥ g

—/~ CPython 1) C " @@ — ML= FE (Flan—4> Linux E[%) .so , #(# Windows [[f) .pyd), HLETH
—A~ s R

HT A, EFEWIAE PYTHONPATH AR, HOAF A By 7, Ea@E Ly . 4H
distutils B}, 2 H3hA BIERIR SO .

I e e B R PR A
PyObject* PyInit_modulename (void)
LR HOR ] e B IR AL AR, B—> PyModuleDef 52fi|. #4% initializing-modules | fi#5E Z 4175 .

XTFAAE ASCI 4 tg st 4, BREULAIE PyInit_<modulename> , $f <modulename> i Akt
45 . 48] multi-phase-initialization B, FVFi 4k ASCIT it a4 . MBS H) IR AL R AT 2 502
PyInitU_<modulename> , [fi <modulename> FZ%L] Python ff] punycode %l , HEF5F= AT X
2%, {f 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 PAE— A BASE B R 2 A e, lad E LRI IL R . TS A7 BT S8 s A 8 LA
28, U AR T SRR S kM. R T —AE ey S48 &Y, fEPEP 489 T
flR T Z 7Y
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2.4.1 fliJf distutils 4t C fil C++ ¥ Jig
PRl DU distutils SRz, X2 Python Hai . distutils 37 Fpa0E —dEHI, H P IoRs dnissas
distutils FLREZHEY .

—A~ distutils WAL T PNRSNHIA setup.py « X214 Python SCF, KREHEHMEMMBRE R, FHilLk
W

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 = [modulell])

LS setup.py , ML demo.c, BTUITR

python setup.py build

XY demo . ¢, RIFTE— DY BB demo FEH K build B, BT RS, B SC2E
HEATHFEEU build/1lib. system , Z4F A fE42 demo. so B demo.pyd .

TS setup.py B, FTAZIERIA DB setup L. ZRET AR Z /AR XTS5, T
BT R T AT 8. FrRlfREEERe T E TR IOER, AAdEE TENE. @ —
MESUFEL M, 5% Python [YRISAELEL . SCRY ., FH155 ., 7S%L distutils (¥ 3CRY, 7E distutils-index
TR £ distutils AFFME s AT L ARREA B Y RAHL A o

WA HE S setup (), MEHE KWL I A. A Eol 7B setup () 11
ext_modules ZHJE —F| ¥ R, HE— Extension LB, Bl FHEEHE LT Y E
445 °H demo , MEA—IFERL SCFF# demo. ¢ .

HZmME, WE— M RAEIRNZ , TR LS E SN . QR Bl 1R T ik,

from distutils.core import setup, Extension

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

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

[
4

ext_modules = [modulel])

BT H e setup () FEJR I EUOME I T IO R, SR HER A A B N A XTI, s
E T AL PRARE S, include H3%, PEHS, . HOBIT 4, distutils i 2 AR M s 5 B A i
#ro BIAFE Unix b, ZR2 0T S S
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gcc -DNDEBUG -g -03 -Wall -Wstrict-prototypes —-fPIC -DMAJOR_VERSION=1 -DMINOR_
—VERSION=0 -I/usr/local/include -I/usr/local/include/python2.2 -c demo.c -o build/
—temp.linux-1686-2.2/demo.o

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

TRIEAHTRRERY; distatils ] Y%A distutils BEIEAATE H .

2.4.2 K Aufrigy R

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

’python setup.py install

R AES RIS AL BESEEln] bhas Ty

’python setup.py sdist

HUENR, FREAEEN R A S RIMO SO Xl MANIFEST . in SC4FSCPE, 457 manifest |
AT

WER IR K AT R IR, dEfp b n] DAGIE —9E ] 2 AT 6. Buk T RSG5, AT a4 Fig—14
DA R SE ULAT 55

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

2.5 £ Windows LI iy#t C fll C++ ¥ Jig

X—E R EAE T WA i ] Microsoft Visual C++ £ 7 Python 1) Windows @Akl , SR )5 B4 % H
CLAFHLEAY A S 3k S8 BRI AT T Windows FEFY: 512 Kt Python §7EDL & Unix 72
JF D ) QAT A BEAE Unix %H Windows |35 g i i #4) a  RF

i A HAE ] distutils 7 ORGP A TS AT Irid pg . AR R B C i
a4 73 Python; ik Microsoft Visual C++,

fE): X—FEH K T 2R S5 Python UACS Y SCIE4 o X B8 S04 AR R XY BOIRA SR AR 2
TESLEH, X R RARET Y Python B AR ERRA S 'Y R AMIRKIRAS . G, SRR Y
& Python 2.2.1, XY ¥k 22,

2.5.1 iAW

7£ Windows il Unix AP EARESA A5 #H distutils R ESRE, Si& T
fE. distutils J7=0iE TR EZEP R A distutils WEMFT AP REAELE SCRY DL distutils-index, 401
RARE I L T BT ah#lE, AW —F winsound FRifEEREHAG I H SO T RES R A H B .
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2.5.2 Unix fll Windows 2 ][ 25 55

Unix H1 Windows % T AU Rz AT I N E A T 58 A FRTE FEARZE i 2l gh s it 2
BT R R G T TARRY

£ Unix H, —PIEEEXG (Lso) SCPEP AR AR P R B A ACHS , B e S 7ERR P o] Bk B 1) R 50
PRAEE . 4 SCPFR A 2IRR P i, X SCPRAURD ok 28 R BRI B 1) 405 | R S oA R 1 AR
Hh R BRI AE N A7 BT OB R SE B B XA BRI BER AR

£ Windows ", —DEIESEEREAE (A1) U A BAERIS I o T ilad — AR R0 ok i
AT . PHAEIZ AT I DLL AU A AT b A g el Mo, AU E 40 T DLL ik, 7+
HALIZATIN A AR R DB B AT 1717 & 1 B BRI 504

£ Unix H, RFFFE—FRZESCHE (o), BRER A Z XGRS (o) RIS, FEBIHILZX R (- so)
WsERE T B, e ] RS IV A RERAR AT AE I B Y o HEE AR PR R X G 3L
ERE; WRIE T, R S R B GO B RS .

1E Windows ™Y, fEXEPNFPESEAL, BESEMSAR I RAHZ - 1ib). #SEELT Unix (1) . a S0
EEESTELERN TR EEN AN SAREREAR FAH TR e R e i AT & &En, I BASAE
DLL it th BT RE 7 e X RRRERERS T 6 F ok B S AR R (5 B 2 A 4 3R DA i AR 4% DLL
AR IRAT . 24— I ARP s DLL B8k ient, g4 mll— NS AR, BR R 29T T W R
DLL H S i A O T X 2645511 DLL.

RBARIEFER A SIS AL B A1 C, BN 24200 — MU A, 78 Unix b, /R REKFA.a
R E N B.so Ml C.sos TR FECEMASEMI, XFE B Al C ¥4 JIHA BATH CHEIA. 7E
Windows [, ZRi¥A.d11 ¥FEINRIFEA. Lib. /R E 4K A. Lib HABEHESHAT BRI C. A.1ib A4
TR B RS R TR T Ui A A REE .

1t Windows |-, i SAPEA RSB S import spam; BAFARA AT spam H1 45K, (HIFA LA
E—NEREIA . FE Unix b, BERES|— AN ETRZE from spam import *; BELE—AFMEIA.

2.5.3 DLL 1y3zbsafdi

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

47E Windows H @ DLL i, fRUAHF pythonXy . Lib fR454EHAS . 241 M1 DLL, spam Fl ni (&
1] spam HHHRENH C KD, ARRG AT A4

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

AR T =AY spam. ob], spam.dll fl spam.lib, Spam.dll A& {T{a] Python pR%L
(Bl PyArg_ParseTuple (), {HE#d pythonXY. 1ib ] DAKIE A4 2 fr 751 Python A fH.
WA E T ni.d1l (M cobj F . 1ib), BEHEELI spam DA K Python RJ AT SCHEH 4R E
EHIOER

NRB MR S H B AR R DRI EAT T H A (1045 Python) #BEREF B RIMIARHAT,
RILINE | _declspec (dllexport) , FiUIHE void _declspec(dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) H1—Ff,

Developer Studio X II A K BRI AEIEF LW AL, SR HAT TR/ NS 100K, EEEFLTEAT,
T8 I H 5% B EE AR BRI R 2 2Bl E . FFIERIN msvertxx . Lib YIS Y] FE .,
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FEH R AR P A CPython i#4THRES (runtime)

AIREAE, IO S, — R 5T, ([IHAE Python Byl fEE T MARAGEST, B AU CPython JH4T
BB 2R R AR S A0 3 LS S8 AR B i I O A

3.1 {iH & App [Elitx A Python

B JLEAE T A% Python BEATHRE, a2 anfer i) C s %42 5% Python HYZIAE. Suid okt il DARY:
Ff Python iR AFI C/C++ [V AR Fp H £ BB 3X AP AT DALE B AR 7 ] Python SR SEHL R LL I fiE
AR C o C++ o IBSAMRE: A feiF i /7 Python 45— LA, DA E il b AR 12 75
Ko WERFLETIREN] Python S il K NEY), ATT KN A HCMEEX 4T

Python HIR AT 9 €, ERSEAMIE. AR ZAAET, §7% Python Inf I I A% 7 #Y 2 4% I /5 9% 2
Python f#RE4%, Wi A Python I 277 1] fiE55 Python 5¢ 420 1M k& W AR P (Y 2 Le 35 7 /R &
¥ Ji] Python f#REAS K15 T— L8 Python f{HS

Pk, #%H4mA Python, FEZHRAL A C M TR . I TR 7P BN S-S Z — 2 1 4A 1L Python MR .
BN R Py_Initialize () o A 2En] IR W] i) Python (i fr 4TS 4. Z GBI AN
PP AT 77 A AR 17

PR AR 7 s 1 JLRP: T 1] PyRun_SimpleString () f& A—/55 Python i AIH 47 H:,
"] [6] PyRun_SimpleFile () & A—A> stdio SUAFREFI—D3CF 4 (UERRE R R BRBIEN) .
T DAY R 725 3 B4R Z R AR M 3 (1) Python XF4R .

hs%:

c-api-index A SCIEANANZT Python iy C 421 . X HUA RELEMFE L.
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3.1.1 RJZKIWIRA

S5R39 Python i AT 3Rk LR IR TR SR AU BE 11 . 682 11 0 R FUMT— B2 Python I, 11 J6 5
TR EEAE ., HADA T QRS T DA R SCPREA T — 2Rt

#define PY_SSIZE_T CLEAN
#include <Python.h>

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) ;

}

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

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

if (Py_FinalizeEx() < 0) {

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

}

fEPy_Initialize () ZHl, MIZEHH Py_SetProgramName () %L, DATE A fEREHS 521 Python iz
TTRERI IR 2 F R, Py_Initialize () &¥IR 1k Python fERERS , SX G PRI TAE 4L 1) Python JHIAS, $TE]
B HIAFIETE . 2 )5, A Py_FinalizeEx () XHIMRELS, FETE5H  FEELSL AR 7, AT RERR ZEM AL
HKVFARIL Python JHIAS , BiV/F@ MU g asBIAR . SO, BUEE D EE . FIH) PyRun_SimpleFile ()
BRI RT DATE 7l SO H R ER Python AGHS , W45 25430 PN A7 2 ) RN 288 ST A4 PR 2 R

3.1.2 SEMER IR KR AP Btk
PR T RE A AR A TAE AT Python AU, L2 /DS SRSl T @M 2 BRATTY B0 T A
LB BARG AN VE I - JLT- 0] ASEBAT T RE, AU RISEEZ K C AU,

IR, RASRIEIRI, (197 Python A Python HO3S BT M0L. AJLEEHHEA K 24T AR
AR W TBHIX 2, AWRA— A Python 5] C TR A IS AL T 124

1. %4 Python [ 4E(H E C,

2. ARG EHEIT C R RBOR A, PAK

3. RE AR [ B A C #4824 Python A%,
A Python H}, 352 LA S Al :

1. 45 C %dE{ES) Python,

2. AR5 R TR Python 42 1104 BRI

3. RFU AR A1 ) Bt A Python 544y C A%,

] O R BR A A IR T — R WU, VAN T B A Tl o ME— B DX A T R e A
AT A RO ) o AESRATH RN, PR —A~ C %L, MHRAT R AR T 924> Python L.

AR SBHEUMTF L A Python #6458 C 2%, 2 IRR. I3 SN MBE B REAE 1B 66 15 1 1A BEES
o HTX ey SRR I DX B, 15275 A Y B AR TR R
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3.1.3 4lijiik A

SRR H AR 2 ST Python A IR . WUR 2% HIREE, Python M#REARIF AL E IS
B REFP AT ACH, (B R — 1R i — %) -

BLisAT Python A b U R AL, LS ANTE :

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

int

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

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

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

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

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

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

if (pFunc && PyCallable_Check (pFunc)) |
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++1i) A
pValue = Pylong_FromLong (atoi (argv[i + 31));
if (!pvValue) {
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");
return 1;

}
else {
if (PyErr_Occurred())
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(R L —5)

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

}

RIS HH argv (1] Iz Python AR, MM argv (2] FEERIRE. REEES IR argv L
AP HA . R iF ot a3 %Y (e A i o ATRETFRIE call) |, 3 HIE $hiT—> Python
B, 5

def multiply(a,b):

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

c=c¢c+b

return c

RIGE R %

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

SR RETT =, SRR P AR M e, (R U 2 T Python Hil C Z IR EHE e, DA RAR
IR A Python [ 8RS LT 4 -

Py_Initialize();

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

ViR 2 J5, WA PyImport_Import () MZEMA. RIS EE &1 Python FHFH, —4>
F PyUnicode_FromString () Hdiik i s B0 @0 7455 .

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

MIA— B m#kse s, s PyOobject_GetAttrString () KBS . WRAFRAAE, I HiRH
B2l XS, DTl o . RGP RS T, IREWEB SRt . 25 A
7= H Python pR%:

pValue = PyObject_CallObject (pFunc, pArgs);

MK FORITI, pvalue B4 N NULL, 2SN eRBOR MHMERITIH . 956 PR 58 ERE0Z5 1 .
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3.1.4 Xfix A Python Jjfgtfrd™ it

BIH A ML, AR Python ERERR A A RETS M) B R A YD RE. Python APL a4 Jr ik AMHRE #R52
WX WALEUE, YRR RO sEBOTHIR AR RS UEATY . SRR 252 %, fHIb
B 2HERE . H B IIL 2 Y AR ¥ B3 1 Python iR . MHEN AP AR M THY, RE5
—LURRACRLE Python T5 X L8 7R, iR Sl 1Y Python I RAR 4. B4

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, 0, 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) ;
3

fEmain () BRECZAHEHA LA, FHAERM Py_Initialize () ZHHHALATHATE):

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

XTI HI AL T numargs 28, il emb.numargs () ERELAERL R ALY Python MRS T3] . A
Ty g, Python A H] DAFRATISMIPA T HIRE :

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

TEFLSRRY AR, XA IARHE I B APL 225545 Python i .
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3.1.5 1t C++ hijix A Python

FETT DA Python A Cor BRFFFAZE: BUIHLBL, SSBTSUFIOT Core REEMISIAIT : — I
Crt B TRF, JEH Crv BIERRAFRIGESFYT . AT Crv TH%HE Python 4

3.1.6 1E2& Unix REh 4kt
NT4F Python fERESHIR AN NIRRT . BN LR IFSRAL B oiFas IS HHARSF, Feale Rl
Python I FERHE DA C B Y  (.so 3CiF) mfEseilig.

N T REI TR AR MBS S L, AT pythonX. Y-config JIA, BRAEZ, Python WA iy
(L ABEAFTE python3-config WA) . MMAHILNSE, KA TILMSHSHZAN:

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

$ /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 --ldflags f§4 HEMINEHES L.

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

fE: TR ZA Python AT ARAL (FERIETERG LRMUAF H ComiEiA 2 /), 2IUH
pythonX.Y-config f§E XL, AN BTk,

MR ARG RANEER CRBEGIIEXT T Unix 2°F-GERERG WL H bug it ), SRR RSE X T
FASEEERICRY, FH A Python [ Makefile (Jf] sysconfig.get_makefile_filename () #F|
JRAENLE) FIgmiESE. X sysconfig MBI RANG A TR, WA g PRI RH G4 —=m
BeEAE. behn:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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>>> HH)3 shell {YTHEL Python #&/R°F 0. 5 RN BETE Bk ds o AL B 7 sXHc AT i AR 191
o ATDARIR:

o e AR ARSI . AE— S ICIC R 2 E AT (delimiter, BIANSESR. J5fE9%. E45
SRE=519%) [, sRTEHEE — R E/ifR (decorator) 2 1%, ZH AFRAHERS, HH)5 shell #
/I TH L Python $278°FIC.

o FF# Ellipsis,

2to3 {334 Python 2.x s HEIE) Python 3.x L MEAY THL, & 3 B4 AL ZEHE A
PR 10, T 32 L R AT DS T S 30 T BT At

2t03 7E A MEHER X FE DA Lib2to3 Bl A s B3t 7B 1 i A8, 7F Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (MIZAEEHIE) M EIEHE (XAE ABC) R4t T e R MM ik, 1
Elduck-typing (W F2UE]) MH7E. HABRERI AT, B2 hasattr (), HIBHAER A A5
IS5 R (40 B JBE AT 7% (magic method)) . ABC [EJ A [EJ#ER subclass (F4HE]) , B MEIARER
H % —1{# class (FHE]), HA5A 4% isinstance () K& issubclass () #i; sH2E abc BALRY
[EIHASC 4. Python 45 ¥ £ [EIE ) ABC, HNERIEER (F£ collections.abe i) . #F (£
numbers i) . H (FF 1o B4L) KX import FAFAR AL (7F importlib.abe #i4). &
ATPAE ] abc B4 AT 3 O ABC,

annotation ([EJff) —HELSAEL. class BME. pRCAY 2k ml AN BB O AEE) . IR, &0l F ARAE
[Eltype hint (BIEFHER) .

AETEATHE (runtime), [ 3a0 8 SO (ETRE S0 A7 B0, (HASImis . class J@ MMk X0 R, o0 (Elk
RETFAERAL. class FIBFAY __annotations_ 4SFRKEMEF.

#52[Elvariable annotation. function annotation, PEP 484 F1 PEP 526, i5S0EHi ¥ I aenyEIH .
argument (518() IR IEBLELR S funcrion (Bimethod) B, 51 %CH MfE :

o Bl425 7| 8 (keyword argument): FERRXIEN | PLERE)ISE (identifier, 4l name=) BHHEMIYE | L,
o2 DA <+ 1A dictionary (F4) BB EIERS 3. B, 3 F 5 #HIZPAT complex ()
L] o ) [ 5 |

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o 15 E 51 ¥ (positional argument): AJe B4 5 WG H. FUET | BOTHE— {05 B LA E IR E
B, A (2) fEE * 2k Wierable (PEWCME) PTHOTCHEBER. G0, 3 F S HRLAT
RN IVATCIE &

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

5| BB o A e R B PR [ oS B, R SCILIE R i i AR A R, 5 2] calls i 72
g b, ARAE S AR T AT ARG s — 5 18 HRPAS (B o 6 [ s 0

Syt 2 ORI parameer (Z280) W&H . & REETH5ER2 82 ML, P& PEP 362,

asynchronous context manager (JEFIZBINBIEMEY) 0] DAFEH] asyne with BUAZUH B FUEREERY
Yk, MERBRESR __aenter_ () Ml _aexit__ () method (k) sy, H PEP 492
FIA.

asynchronous generator (JEFIGEIEZS)  —{W & Bl {Easynchronous generator iterator (3E[R 2 E14E #EEM
%) . EERERGE ML async def EFIW AR (coroutine function), {HAS[H][1) 2 E Al
HT yield #EEX, BN —RIA IR async for EREAYHE.

15 (AT REAE 7 A RS — AR A EA 2SR, (AE L5, Bl aE R FRER FEA BEIK
% (asynchronous generator iterator). #—FIEM R ERENERE, IO e B AOWTRE, DABE G
Fé.

— A EAE 2 R R AT RE A await B, DL asynce for fl async with k=,

asynchronous generator iterator (JERIZBEI:ZSEUREY)  — 1 thasynchronous generator (1R 2 [E14: £%)
PRI N R

& & —Masynchronous iterator (FEFIEENLAE), B EDA __anext_ () method NPy, &r[a]{EH—
T % R4 (awaitable object), %I ATAERIAEEAE S AR 0, EEBE T yield
i yield ErEg R Miie )y, Rt BHATRE (O s 8O M E 1Y ry BAR) . BaE
By EA ZEXRES A __anext_ () BIEM W EEY A RIBRIER, ©aReE R
FHEEAT. 752 (E PEP 492 f1 PEP 525,

asynchronous iterable (JE[RZLnf[EfCHIfE)  —(E(F, BRIPATE async for BR= PR . SZE1E
B __aiter_ () method [E|fE—{E asynchronous iterator (FE[RIZENLES). B PEP 492 5] A,

asynchronous iterator (JEFRIZBEMRZS) — M E/E __aiter_ () F __anext__ () method [¥ 4 {4.
__anext__ /A [l — flawaitable (W] % F5 ¥ F) . async for & AT Ak [ 4 B 5 1Y
__anext__ () method a1 ] EREYI1:, EHEI'E5]%F stopAsyncIteration fi4b. i PEP
492 5] A

attribute (E1E) — 8 S CFAR BB, A% EAEZE I B T 36 20 i FE 35 (dotted expression) 1444 4
S BN, WERYICE o B — B o, RIFZEIEREDL 0.0 2 1K,

awaitable (WZEfp1E) — P DATE await SEE PR H . BRI — W coroutine (THFE) |
BE—A __await__ () method [g¥iE. ¥ #2[E PEP 492,

BDFL Benevolent Dictator For Life (%5 {-2&### ), X4 Guido van Rossum, Python BRI

binary file ( “HERIER) —(FBEEEBURIE A bytes-like objects (AN TCALEE W15 ) 1 file object (K& = H15:).
THERIAE R T AR ("rb ., "wb ' 8 'rb+') BIEAE S, sys.stdin.buffer,
sys.stdout .buffer, PAM io0.BytesIO fl gzip.GzipFile .

st 2 Elext file (SCFHER), ER—EEEFRAMTA str WIREED 1.

bytes-like object (JAfLICALERYITE) i 7 3% bufferobjects HEEEIRE H C-contiguous &1 [ AHI14. B
TGN bytes., bytearray fil array.array ¥4, AXFHZLH R memoryview Y. K
(ETCALER YT S B B o ] EORE AE EAR E S AR A . R I RS
socket (ffiJ88) #fik.

A UGER TR R R W . B SCUREE EE e R TR R AT R .
]S AR P 4% bytearray, VAR bytearray i memoryview. HAK)#A 20 i
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HEOR R AAAE A T S (TMERE AT R D) s e dE bytes, PAK bytes
YA memoryview,

bytecode (fiiyC&l#5) Python FYJF4AHE € bl 4 A (7 JCALAE, ‘& J2 Python #25X7E CPython % &% K
IR NS e oy fEEY, DAHEE TR A R BB E sk (]
PAAS FARE S5 4 1085 T s (E) (7 AL ) o &8 [P 1555 (intermediate language) | {8 [EE# A 74E —
virmal machine ([E¥EMRS) I, szEERRS S BT BAE AL CALAS 35 E AU M 2S5 (machine code).
BVERR, AOCALAE R 2 VAR R[] () Python [FIHERE RS 2 BEVER), AN BETEAN [ A1
Python 7 [ R 558 E

(LTI 25 2 n] PATE dis ASTAH R SO 4R 3
callback ([IMF)  VEE)S | bl R ¥ — I FIAESX (subroutine) B, 5 ARSI A IRy T BGBBUA T -

cass (BE]) —8 FH A g 7 & E RYF RN, Class /) 5 3818 % & {1 & method 1Y E 3, B4
method FJ PATE class it L (51]_L 3 f 7 #4

class variable (JHEIS%) —fH7E class i se, HIMERZLARTE class G (FEEIANIETE class [ ECHIH)
ARG

coercion ([EJiRIMR)  7E9 K (AR 7 ZUE)S | oM R by, R — AL [El gt 5 [E)E) 55— A [E Y
FE=CH(E] (implicit conversion) /2. i, int (3.15) GAFFESEIERES 3, (A4E 3+4.5 11,
TS B AFERRUE (—18 int, —{# float) , i M 5 | Bob HAE B EIEIN [ i 2 El2 421 5k
R, SR @51 TypeError. WREMGEIRIEAL, RIGEATA M5 MERES M2, ML
TP IERUL (normalize) EIRHIFIAGE, BN, % float (3) +4.5 MIAREH/E 3+4.5.

complex number ([E#() —EFMPABME BRGNS, 1EHTA BTG o2 [E— 0 5
EER A, [EgogeEEEEAr (-1 P m) MRy, BB HEREP a1, T
e Ri(E] 5. Python [Elg 7 EB X%, ERMEHWRIEAREREE; ERfafiE—mi
B 3 WEES, BN 3+17. A math BUATRIR THASHO0 N RER, #FMEM cnath 4.
%E@g@%rﬁlm%ﬁﬁﬁ%ﬂﬁﬁgmﬁ& WARAREA G E S e MR, ARERCT- REREE IR T DA%

A e,

context manager ({HBEFFANE) — M T A M with BRI RESNY M, ME L2 BEHER
__enter_ () fl__exit__ () method 4HIN. sH2(F PEP 343,

context variable (%§5i88%) sl HALT DAREE BN SCAOESE A BRI . 8 SIS A T 44 [ 3,
fi# 17 [% (Thread-Local Storage), 7EH: 1, — il % #E R BMAT A AT RE LA A AOME. A1, B
T, TR AT RE G M, WS EE A g, EEETHIER BB
(concurrent asynchronous task) 11, 3SR EREE]., #52[F) contextvars,

contiguous (VE&N) R —HEE T 2 C-contiguous B2 Fortran contiguous, HI|'E &) g iR [E) 258
HEH) . Z4E (zero-dimensional) f % 1f [ #&& C A Fortran contiguous ., 7£—# (one-dimensional) [#i%1] 77,
A IH H W ZEAE RO 3 AR AR HESY , TR T IE) P2 A P LR IE RS « 78 Z4E1Y (multidimensional)
C-contiguous [Hi#1Hr, $Zac FEHS Ak B NE 735 B A (I H IR, el — R 51 sl R, 7E
Fortran contiguous [ rfr . 55—1{R 25 [ 5 bl

coroutine (Ijfe) 122 EIFE (subroutine) ) — R B [E)EE L. BIRE A2 AE S0 09 el Fl 26k e AL[E)
TE S — R R . AR T DAYE SR 2 A A i e i B ekt AL B A E1E . BAEEIDA async
def BARWEME. Hi52F PEP 492,

coroutine function ([FERAX) [l Eicorouine (HF2) YiFREA. —MHFERXBEP async def
AR Ess, FnJfeefls await, async for fl async with BE. Bl PEP
492 5| A

CPython Python F£=3E & 1 HE B AF (canonical implementation), #{#$7i{E python.org . [CPython]| 18
I AARAELS BENFRE ST, DA AMILECESLILE: # R 20/, 140 Jython 5 IronPython.

decorator (H:ffigy) M=, TERMES MK, WHE G ewrapper 55, BiEHE-—FEH
F1y%E(E] (function transformation), ZREffi#eny & WHiH /2 classmethod () #l staticmethod () »

Fetfian ik LU RRRRE . DA W ek o SRR 3R R SRR

def f (arqg):

(N 4kZE)
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(R L —5)

f = staticmethod (f)

@staticmethod
def f (arqg):

Class HAFTEA RIAMES: , (HAEAREILLEBOR® . B ethigi B 2 M, 52 EmAE A class
SE S IR S

descriptor (FiA%y) (FEFET _get_ (). __set_ () B{ _ delete__ () method HJ¥{4:.
18 class J& 12— HEIARZRIE, MR 451 T E) e 8 A PR R Bl Al L% i/ ab KEXM
e ok B SR B My, &FE a 1 class %ﬁ*gﬁﬁﬁﬁ. b, (HIR b 2 — kg, A
HHEE HE R HilA 2% method €y . ARSI BLARE A FLAE Python fYBASE, HWEITMEH£L)
BEny T, SHThEeIEE R . method. J&VE (property). class method. [EJ#E method, DA %3} super
class (SCHIE]) 2.

B A R % method f B AR, 5 2(E] descriptors Bl 4 2 I 157

dictionary (‘y2Mlt) — 1/ B W 51 (associative array), HH (T2 4 88 € g WG 2 (H . S8 ] AT A5
__hash__ () 1 _eq__ () method f¥{4. 7 Perl i #EF3%E) (hash).

dictionary comprehension (‘pUL&iARERY) B A) YA, FIACOEEE-— {0 AT [EUCH 2k 1) AR e R 4y
T, FH ML RA—MFHE 1, results = {n: n ** 2 for n in range (10)} &
EAd:— i, EaE T8 n BEE n »* 2. #2[E) comprehensions.

dictionary view (FZMLE#!) 7 dict.keys (). dict.values () M dict.items () [E{EHY10HE
E St . B3 TR I H ) B R AR ﬁ%ﬁﬁ?ﬁﬁ@%ﬂﬂ%, w2 A e I LiE L s
B, ZEEH g s E s sy List (28%1)), ZEfH 1ist (dictview) . [ dict-views,

docstring ([EIW*yH3)  —{H¥E class. AL b, VRIS — S A B0 FESOR . R EEEN
WATHE G Zms, (e apignEasial, EWOA TS class. pRaNEiEALNY _ doc_ EIEH. H
B 7 E ] L EE)A (introspection) SRIEIER, [ & 2 W04 1) (B IH SO ABE AL

duck-typing (W§FHIE]) —FEREAGEEEME, B EHE B — Y B E R 2 e 2 IE
(AT B AR Z (42, method =X J& 7 @ B AL b gl P il w4 . (TR e Bl Ak — I 1 if
Ak —EET, BEE—E2—EE1. ) HEEFNENIESEEME, KR
A5 RE £ L (polymorphic substitution) A& i & A EE G 1. 18T BUEIE G H type () 3§
isinstance () EETHIE. ((BREHEE, WREITAH IS 2 4L & 2(E] (abstract base class) HEAl
Fe.) SR, EEEEGEM hasattr () PEt, SUREAFP BEAGERHENE .

EAFP Easier to ask for forgiveness than permission. (F5 >R KA HAS ) BEH FAY Python 4§
AR G e AR A R S S R A TE (BT % (R o s A1 T e TR B 91 b o 3 el () LR 1 A
HFF O RIFETT 2 try fl except BRI, AT 2 HABSES (F40 C) # WIMLBYL J&A%
TERLT ¥

expression (FEFIX) B DAREREAGER(ERFEE . EA)EEE, —MER Gt . 48, BT
B, 5ol o 2 S A G A BB, 18 ST AR RE . B AR SN A
52, [EHEFTA Y Python 555 M # 2 A X, 74N —Lsiatement (BAZR) RREP A EERA S,
BN while. BR{H (assignment) #0 2 BA, MA@ E .

extension module (#fFEEE41) —fE DA C 5 C++ S B A4, ‘B H Python ) C API HCEEAZ. 0 K (i &
FEUAG AT 5

f-string (f2ip) DA £ 80 'Fr [ERI0 FEE SO EBREE [f 78], B R 788 SCAR I 4
5. HiE2[F PEP 498,

file object (FSWft) — 10 3 (i 1 & 5 @4 2 B i (file-oriented) API (1l read () { write () %
method) ZREEVEIRIE EIRAIYI 1. WRIERE R Y Ewid i 3, & nelE o o 3 2 B i 2 5t
RHAER W e Ol RS (B Es A / . RO S R4 @ . socket (JFiJE) . E(E)
(pipe) %8) MITEHL. HEEW I WREEI 348 £ 4t (file-like object) B, % 37 (stream) .

TEE, A =RERWIE: JFARE =& R4 5 SRR =& Sl RIS A . BEMRTIRAE Lo
BAL P BE SR @jﬁiﬁé%#lﬁ@%?ﬁﬁﬁmﬁﬂﬂ open () Mz,
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file-like object (KK§RWME) file object (REFRPIMF) HIFRIFEF .

finder (S4%Y) —MWYH, ©E&EREIELLY import (BT K loader (BALE)
¢ Python 3.3 F';ﬂﬁ ARSI Y SRAR RS LIRS F 4 B (meta path finder) € {#i ] sys.meta_path,
Wisk 1278 B F 4 2 (path entry finder) €fiff] sys.path_hooks.,
w2 PEP 302, PEP 420 1 PEP 451 DA T f# 58 £ 411 .

floor division ([a] FHUIERR:) 18] N SEARF 4y 25 B dpe e U S B B B2 [ vk . o) S BBURE R 1 B T 2
//o n, A 1L /7 4 WEHEASRE 2, B float (JRERED) ERIEFIRIMER 2,75 RE. @
HE, (-11) // 4pEEHRRE -3, HER -2.75 #ié T EEA4E%. #H2([E PEP 238,

function (FAX) —HHAIBIARK, EREE R0 R L, B0 A EESEK M| &, &
Eb%l%f[—f%ﬁﬁ}fﬂﬁ/\@’tﬁ AT . BEE2Eparameter (2¥). method (J7#:), PAJ function 2=
i o

function annotation (&X[EIF% ) PR —tﬁ%[% [EMEAE [ — @ annotation ([EIFE) .

Fg;ﬁclﬁl_.%%ﬁﬁ)ﬂ RREGR T g, EEEEY a2 WA int 518, Elgf M int [

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

pR S ER W A function ZEE0A FE AN RAE
st [Flvariable annotation 1 PEP 484, Y45 W IhRE iR .

_ future__ future [FiA: from __future__ import <feature>, €15/ E s {d FHTLEAE Python
*Klﬁ’ﬁﬁ?ﬁﬂﬁﬁ-‘*ﬂ%ﬁi.ﬁ{ﬁﬂﬁ EYREEEER, ROEERIRAL. 1 __future_ MRALHIGEE T
Jeature (Fh%8) VIREMIME. il import JABTAH S A BORAA, VRVT AR BT Tl BE 2 (TR 1
W\W%ﬁiJ?[JEE%%% , PAEEMR e (e ss) mlETEZrIhhE:

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

garbage collection (L) HFCIRBNTIROE I, MR @A . Python BIFTHIR AL, 2iF
i 2 BFH (reference counting), DA K — {18 REIEVRS I I v B 2 G B (reference cycle) {1447 R4 [u]
Wi (cyclic garbage collector) HC5E . s [l Wi AT AGE T g o MLAH 38 HOgEA T2 -

generator ([E13y) —ME € [ml{Egenerator iterator ([EVEZREES) BIR. BEERG —FHIEFE,
EARFRKZEEET vield #EAN, EAE—FRSWME, S2E AR for [EE, 5i/2PA next ()
R, BRI —E{E.

T R AT RERE AR R — R gl (EAER LS, e FonEle SERE. %
B EAENGEEE, At g, DAk,
generator iterator ([EVEZSEURES) —(fthgenerator ([F1A4%) R FTEST YL,

T yield GEERMAR)Y, EIRSEMEIITRE (G5 BB E A uy BAsC) . (T
)lﬁ IEH’EH% G L A AR AT (BRI VA I IR B T B A 14 R 5 P
Ifl) .

generator expression ([EV/EZHERR) — e REERSERN. EEERG —MEFERTRX, %
WM for T4), w e T EIBSE M. &E AL — M BHN 1£ Fh). ZAeEE g
(150 e i E A 22 {4

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

generic function (JZRIFRR) 8t 20K XA R, 5% 68 20 B8 W] i 2L EEC VA R B 5
W30 ] e PR B4, =2 el A BE U S9-94 (dispatch algorithm) 2R(E)E .«

a5 [Elsingle dispatch (—3HR) #aE#RM5&H . functools.singledispatch () Hffifefl PEP
443,
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generic type ({Z2%I[F]) A rype that can be parameterized; typically a container class such as 1ist or dict.
Used for type hints and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL #2[Flglobal interpreter lock (4=3H 2228 8H) .

global interpreter lock (X FLEANEH) CPython ELyRa B (E I ROMEH], I DARREGRAE CHD A — L T 4%
REELTT Python [)bytecode (fiICALMG) . FHMMEY AR (LIEREYERME, dict) HEjH
WEGETAEEL (concurrent access) [ fG kg, AT T ARk CPython AU B/ . B E MM ELEas, &l
B RS 25 5 IE1 2 34745 (multi-threaded), {H A 2 S e 22 i LR A 28 BB EJ B AL i) — 38
447 (parallelism)

SR, AT, M BURE =0, MR AR T I A B ) S R
(computationally-intensive) FJfLHHE, W DARRIGE GIL. H4h, fE8AT VO W, GIL 44 2 Erpfiiis:.

W EEA A (MR ATAr ] B (DAUE R PR A S S R B ) 1055 I ER
U1, WEFE—Bi E— B E N, ARk . —GEE, AEveloa e mE, &
FRSREIRERT S, AT S o A A AR

hash-based pyc (#EEZEHEN pyc) —fEALICALAS (bytecode) B4, e (8 F AR ENE TS /& B R AR 52
IR G ERE ], AR oAt 55 2(E] pyc-invalidation.,

hashable (W[ #REI) G S8 — 18 4 12 A — 8 5 B, 3% (A HAE B ok Aok (BRE—1H
__hash__ () method) , HA[BLHABY ALK (BEFE—F __eq () method) , HEE
AT 2B . el REM S 2 T 3 2, &AM 0h e M R ) A M

FAEEI: (hashability) ffi—{@4 477 HI{F dictionary (F88) A set (F£4) WA, HELELE
HE e SLER O A T AN

K2 BH Python A ] S [F A (450 2 vl #EEIR ;. alsfzcas (B4 list 5 dictionary ) [FIAE; A
g ZE e (10 tuple (JCAL) Al frozenset) , AR BN R EEN, EMA & A 2] 5
Ef). 2R E B class PUEG, RISy eru R E R 3 ER . T FALE A LR
BAMEY (BAFeME g i), me MR E 2074 8 e Mg 140 .

IDLE Python [ Integrated Development Environment (%% £ BH888E1E) . IDLE 22— F A 4 s Fl B2
#RIRNE, "B Python [FEEMEREATIUAS — R 9 F 1L

immutable (An[5EWrE) — @A B EENYH. STEYEOREET . T8 wple (Jodl). BEEY
P RARRERE Y o AR — O R (LB AT, MBS, — R e . e MAE TR ) E
EWEIH T, R A 6, B0 dictionary (F2HL) Hrfk—(F

import path (FEAREEE) —EAE (4820 ) MFIER, AR Bl ErE import BN, & #iparh
based finder (F:RAMARFMES) AN E . 1F import IR, M7 EFFEHEZHRE sys.
path, {H¥AT-EM (subpackage) M5, TWAHEEHKHKEMM __path_ BE.

importing (FEA) —ffliffE. —EBALH ) Python FxURG AT AR AR, 1) — AL i) Python

RS -
importer (FEAZS) —MREES K LMABAYIT: BB inder (FH#7) Widloader (BAZ) P
k.

interactive (FLBhI)) Python A7 H. B E s, &7 1T DATE LR i B 7 0l A BRI ORIE
F, STHATEMEHERI EMmE R . REES) python, RATHEALMEIH (ATRERE b 7R IR
REM Y RN ) . B R RBUIT SR AR A G R R EEIR % (RS help(x)) .«

interpreted (Fii#ff)) Python &—FEERERET, M AR T, N ME S TR Lo, WEH
RETCALE (bytecode) Ak HIAFAE . TG IS W] DA R BEEA T, AN WA A 57 5 —fllh
Fiid, METBATE . B S I sl S A R B / IRESE], A e Mt UE
EATIREANE . i2Eineracive (HEH))

interpreter shutdown (ELiEZ5BHPH) 7 Python ELRaSwi ZURBHPARE, B & —MEFRBYE, fEIE
W RE I A W B AR, B AN A TR B S R AL i . Bt & ZRIEN 35 e le %5 (garbage
collector) . 1a AEEIfEEE i F & H E MR ER 3K (destructor) B 555 F (1) [a] IF (weakref callback), (I3
P AR . A B PR P BB AT R A il B A AR 151 40, TR B e Fr MR A S R T BEAS T 1
T (R E T pa X AR A a2 i )
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HARG B F 2P, 2 __main_ BUAHEIEROES T EA S AHATE .

iterable (WJEfCHIPE) —FEREE— k[l e b sl S92 . RTEM P00 )45 T 1) 51 B4 [E)
(82 1ist. str Al tuple) A LEARFARIE], B2 dict ., 4 1, PARARIIE FEAYITAT class
Y, HYERL class A _ iter_ () method B2 B VESequence (J74) FEEM _ getitem_ ()
method, %W {45k e v IEUC 14 .

AERY R AR for [FEAF 2 HMFZE—METHIHTY (zip O map ()...). FH—EATEY
RS | R A EE M iter O K, EGERZYERE—EERS. tERE R e
—HE AT (one pass) JHIE, (FHEER, WEHEA—EZFN iter O SiEFTERERIRY
F. for PR G BB MEWREIE LS, B G — YRR R 2 2 8, FATEEE A
BB, Biislieraor (EUREY). sequence (JF5) Fgenerator ([EIAERE).

iterator ([EMCEY) —MFERERRNYE. EEMHPEECEEN __next_ () method (2T EIE
#EVE R next () ) KPR E R P IEE o 5N A G R, 1 @5]% StopIteration
Biloh. vely, ZERGOFC AR, MEAEE __next_ () method fif—20FnY, #EH €
PR % stopIteration, [EIESMNZEA M __iter_ () method, & & {HEEYIFAE,
AR EMC 2t v U 4, AT DA A K 22 B A L T BV S R 035 A . — R H S0 151
Ah, B ZEE (multiple iteration passes) fFEZNHE . — (AR (B 1ist) ERTRAHE
A iter () HRaNEFE for I TRE, AREEE—MammERR . 6 HERS Bt
ijﬁé{ﬁﬁ) e, H g AT s EMC R A . R e s AR ER S, HAER
WS A

£ typeiter SCHA] AR B B 2 &

key function (ZpA=X) k=i 3H)F ¥ = (collation function) & — 1 B FENY (callable) pE =, ‘& & [a]{#—
{8 FHRHEF (sorting) B8 J¥ (ordering) f{H. N, locale.strxfrm () P AREIAE—# T 115,
e HE B B HE o

Python "1 T H., #4252 DAsE R =R e 2 r s 4 . EMEFE nin ()« max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Flitertools.groupby () .

&R AR S, — (MR . BN, str.lower () method A] AMEEIR4 K/ INE HEF 09 8 R
Ao B, —EE R AE lambda B APEE, fIM lambda r: (r[0], r[2]). 5i4h,
operator BAHFRAL T = 1H 8 bR X B RS R =X (constructor): attrgetter (). itemgetter ()
methodcaller (). BT E LA ek i), w2 EnfHER .

keyword argument (BH3tE5|8) #52Eargument (5]38).

lambda i ¥—expression (GEF L) Fra ) —1# B 4% 4 7[E)p6 X (inline function), 7A3% B xCHE MY R SR AE
#£7 lambda B FEYE 2 lambda [parameters]: expression,

LBYL Look before you leap. (= JEfi&FT.) 154 A% EE Erve A e sk & 4k 2w, P AEb st e E gk
. BEEASEEAFP RS, B eaTL 1 b,

E—EZRATaES T, LBYL = A7E [ =8 Al [817] Z M5 A T 8iEW: (race condition) [
JEBE . BIINPA TR if key in mapping: return mappinglkey], WHH —ERFTLELE
WA Z AR EAEEIRZ FI, 4 mapping PREIRT key, WIaZAE=UHGRE € 2R3 & 18 P AT DA 8 (lock)
B EAFP %ifif§ 7 U A#(E o

list (:#351) —fH Python [El@d¥sequence (J¥51). [EMFEMA TR list, & HETFRIHALRE = P iy —1#
W51 (array) A G — 5455351 (linked list), FHIEFFIROTR RS FHEREEZ O,

list comprehension (HiZI&EAIERY) T A AOERL— 7 51 B PSR e R, [ ELAS DA {1
list [FMEMEEE 7Yk, result = ['{:#04x}'.format (x) for x in range (256) if x %
2 == 0] GEAEFH list, Hpad o5 255 @EE, g e 7S f# 0x.). 1 74
SEEEEEERT . R E, H range (256) PITA TR G HIERL.

loader (HAZY) —MEEEALANDIIE. BUHEEFE HKE Lload_module () 1) method (J53%).
A R inder (FAgeE) PIME., WA ZE PEP 302, Bjidabsract base class (#1525
JEHE), #2([F importlib.abe.Loader,

magic method (AT J5i:)  special method ($55KJ5v5) BO—(8 AR IE =X W) 25
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mapping (L) —HERY M, ©LXBTEHENA R, FEEE{F abstract base classes (il 5 3 IS8
[F)) &, Mapping B{ MutableMapping Jf$5 € ) method, #iffl 4% dict. collections.
defaultdict, collections.OrderedDict Ml collections.Counter,

meta path finder (JCUEIESEEY) —HEEHE S sys.meta_path MEIEK finder (F44%). LG H
M pSEL YA AE 38 B S48 22 (path entry finder) FHB{HEAH .
BTN TC IR R B A EY EEAE ) method, #52(F] importlib.abc.MetaPathFinder,

metaclass (JCHAE]) 7 class [y class. Class & F&ifFE & @1 class 8. —{f class dictionary (F
i), PAK—1{M base class (£ JICHIE]) 1495135 . Metaclass €1 515528 —f 5| 8, (B 3% class., KEZH
A RS o U B - BRAYPAE . Python FOAHE) HEAERC REIEVA 3. F THY metacass,
SR B AR TTE TR, (R E 2R, metaclass 7] DASRAEEIR AR MRE T &, B/
EWH BB . B T s e et BEW ST BB (singleton), PAKFFZ
HABAIATHS o
T %2 &5 A DATE metaclasses 21 14k 2 .

method (Jjik) —{H7E class AHSERE e ek, 1R method FEEVH class BE 51 i — B gnpnd , H
TS 2 3 B Y R E S S — @ argument (3]35) (5| Bl HHEE self). sH2E function
(BR=X) Fnested scope (ERVERIEL)

method resolution order (J5EfRBTIE)T) 5 VEARA NE 7 R 7E 2 4k H Al i B G R, base class (FIRHH
[F)) P2 MET . BRES 2.3 iU 4, Python EL#ERS TG i L AET, #52(E) Python 2.3 it
D7 YRR Y o

module (Bifll) —{E#E{E Python F2£xCA 1 4H 4% B0/ (organizational unit) (W4 {4 . LA —MH a4 25 [,
TSR Python Y. A EFE himporting BiAE, ##E A 2 Python,

nazEpackage (B1F).

module spec (B&HHIRS) — M2 2H, EE&HREABAR import M &il. B2 importlib.
machinery.ModuleSpec [—1{# & Wl .

MRO 3#2:[Elmethod resolution order (J5fRATNETE )

mutable)(ﬂ%%ﬁﬁ) AR A E T, AR EMR 14 O o B2 Eimmuable (AW 5
).

named tuple (Fff#4C41) 735 [named tuple (Fff457C41) ) 2354 tuple 4R LA RUEIDK class, H B
A& 7| (indexable) TG 2 AT DA B 4 J8 PR AAEI . 35 SERUEEY, class AT DARAT HoAd AR5

A E)E A2 named tuple, f35H time.localtime () il os.stat () BEFE. B—HFEHAT

fE 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

A named tuple 2 EZEHE (40 EF1) . 83, —{F named tuple 8 7] DAFE—F IE L class 582K
Har, HELG% class @#EK H tuple, HEFR TIAMA (named field) BT, @51 class i PAF T
fnEs , ] DABE A Lk ek =X (factory function) collections.namedtuple () JRES.. HBE M
T — LMY method, 38 4% method 1] {24 T 55 ok ()41 named tuple 1, VAR EIAY.

namespace (fyH2%5H]) SBEPREAIHTT . M 2s M2 A dictionary (FHL) BRECVE. A RN, 2
) M Elg a4 25 W, MAEY s (76 method W) WA HARMI G225 WM. v 25 #E B 1k d 4
e, RN, Fl, KX builtins.open Ml os.open () i B MRy 4 25 H IR
AR i 44 25 T LR o PA DI A 2 W B A A E BV E— (M ek =X, ARGt ] Gk L mT 4. il
40, B H random.seed () 5{ itertools.islice () BfEHIFE R, 8204 FEH random
Ml itertools BIAHIEEAE.
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namespace package (Ar#%iMIEME) —{H PEP 420 package (40F), &I\ REFE T450F (subpackage)
— R v A PR RV SRRy 2k, it FLALB AR PR R — Mregular package (i
AP, FEEMEEG _init_.py EEHE.

2 Emodule (F4H) .

nested scope (LK) REEIZ: M5 E 5% (enclosing definition) HYi S B RE Ty BRI, —1H e
XMARAE T — MR e s, WEERE2 Mg M. @i, aHzEET, 3
RATE PSS A P 7 2 O, T S P o [t S A BT (R A Pl R R A TRV, 4
IR R TE A 4 S U BT . nonlocal AFFEINEME ST EA .

new-style class (BiXME) — 4, EEIBIENA K class P ¢4 B 6 1) class JBAS . 76511
Python it HAA B class 74 GEff ] Python BT . ZHkITIEE, %@ __slots__. ks
(descriptor). J& 1 (property). __getattribute_ (). class method (¥H[EI}3%) Fl static method ([EF]

eIk) -

object (¥ft) HAMRME (EPEsfE) RpiEsiirE (method) MIEMERL. B MR fInew-style class
(HiE) A4 base class. (FEIRAHED) .

package (£5f1:) —1{W Python module (#£#H) , B W LA & THL4H (submodule) 5% 2 & [EI ) 1 & 4
(subpackage). FHT LT, Bl __path__ EYER-—# Python #i4H .,

W2 Flregular package (IEFEA:) Flnamespace package (fi44 23 .

parameter (Z28() Frfunction (PRZ) B{ method FFHF AT —1H 4% EHY (named entity), ‘BEF5HA% K FE
[Elge 2 ) — M argument (5|9), BifrFLefEE RN 2 M5 #. HAA TR A Y 2 3oE

* positional-or-keyword (7B e BT ) FEIH—(8 Al PAd e 4 B al R VEEIR 42 7 5| S g
518, EeSMTHBEE, FIanPA TR foo Fl bar:

’def func (foo, bar=None): ... ‘

* positional-only ({EFROZE) : $5H]— M A BEHL I AL EARBLA T | e, 7E ek e S 2 80 =
WM /50, wnT DAERZ 7 OCHT T E SR IE RO E 2 8, HIANLAR i posonlyl 1 posonly2:

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

 keyword-only (FEFSIHBETF) : H4H]— (6 FAELA B BRI BERO 3 e, 1206 208 3610 2 051 %
1, 5 f (F 5 M 7 28 (var-positional parameter) s LALY * 78, HRATAE I 7
TR S, (1AL R kw_onlyl il kw_only2:

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

* var-positional (fEREMEIE) : 59 —HBELMERF VIR BL 7 5 | 3 (TEC B 2 2
HEZEMOIET | M2 AN . BRSO ERIE 2 EA T E L~ AGESRR, Bl NY

args:

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

* var-keyword ({EZ¥ER BT ) FEAPTRHRALE S BRI TS [ (FEC gLt 2 Hi2
WA SE 5| B 41 ) o BB USRS BT H N~ REFRA, Bl
Bl HYy kwargs.

SR 