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CHAPTER 2

MERE=ATEREIZY R

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

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

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

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

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

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

211 =N EBBBF

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

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

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

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

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

R 1T Python W RES i L —SERBTE RS RS0 i mabRife Sk SO TR BRSNS 2 3L, AR B S AR (T AR
WS SUHE2Z /T, AR SRS E Python . h,

HeFF M 2AE Python . h BiE X PY_SSIZE_T_CLEAN . FXHILIY & Ho) St B TR N ENEL
WA

B PR LA S #R e L H % Python.h 1, A EIZ Py 30 PY , BRTIAREEC & @ AE i (i
K. AT O, PARCA T ik Python fi#RE#R M. )iz, "Python.h" WA F T /A B AR Sk S0
<stdio.h>, <string.h>, <errno.h>, fl<stdlib.h> . WG SCHTERE RS EAF
e, e EHEFHEKS malloc() , free() fl realloc() »

R C pREENY R, ] spam. system (string) BRI, ARG SFRITH:

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);

}

ANEERFESEONVERNIE CEANPIT, A "1s -1") BBUMEEE4 C MBS, C mEEZH
WIS, AT self Ml args

XITBEERIE REL, self SRR FIBIHXTS ; Xﬁ?ﬁ%@@%ﬁllﬁﬁrﬂﬁﬂic

args ZH2 4R 10—~ Python [ tuple M RHE, HH WS 2H. 4> wple TR — MRS XL
SR 42 Python MR — ZHERATH C BTN E 11]E'JE 7 SRR C {H. Python APT )
PR PyArg_ParseTuple () SESHIADFIFHIA N C (. MBI AT Rl E 7 BRI B HEE
BPA R AT Rt G e ELIY C 22 ”’r I ARSI

PyArg_ParseTuple () returns true (nonzero) if all arguments have the right type and its components have been
stored in the variables whose addresses are passed. It returns false (zero) if an invalid argument list was passed. In
the latter case it also raises an appropriate exception so the calling function can return NULL immediately (as we saw
in the example).

2.1.2 XFHEIR

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 a NULL pointer). Exceptions are stored in a static global
variable inside the interpreter; if this variable is NULL no exception has occurred. A second global variable stores the
“associated value” of the exception (the second argument to raise). A third variable contains the stack traceback
in case the error originated in Python code. These three variables are the C equivalents of the result in Python of
sys.exc_info () (see the section on module sys in the Python Library Reference). It is important to know
about them to understand how errors are passed around.

Python API H1ig ST — S8 pR R 1 X S8

B AL 2 PyErr_SetString (). HEZHEREXMNZHM C F/H. FEIR —KER
PyExc_ZeroDivisionError Lﬁéﬂﬁ?ﬁmlﬁﬁo FAPER IR S IR, 8% 45—~ Python
FRFRRRAFMR TR RPYE”.
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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
ANFHEMFH Py_INCREF () SRIGHNE 16 E HAL R A S EOT 4095 T4

You can test non-destructively whether an exception has been set with PyErr_Occurred () . This returns the cur-
rent exception object, or NULL if no exception has occurred. You normally don’t need tocallPyErr_Occurred ()
to see whether an error occurred in a function call, since you should be able to tell from the return value.

When a function f that calls another function g detects that the latter fails, f should itself return an error value (usually
NULL or —1). It should not call one of the PyErr_* () functions — one has already been called by g. f’s caller
is then supposed to also return an error indication to its caller, again without calling PyErr_* (), and so on — the
most detailed cause of the error was already reported by the function that first detected it. Once the error reaches the
Python interpreter’s main loop, this aborts the currently executing Python code and tries to find an exception handler
specified by the Python programmer.

(FERLEREOU T, YRR SCRERS A A 1L E PyEre_» () R ISR BRI S, I HAX
LR ] AR o (EUR R IR — R, XA, ] e ECE R RIEE N EE EK: KZ
HAE 2 b T R AR R T R )

REUCEE 22005 phy — A~ SR W) e RO T BT B B 7, AR E e AUE L M ] PyErr_Clear () BAHIHH
B CHRIBM AN PyErr_Clear () MME—IFLLR AR ENERFH R G R IR 2B sE e h H Ok
AEFRE (ATRE RSN E, BOR BRI ) .

R malloc () PWHHLIEG A — A FH . malloc () (8 realloc () ) B E IR FH & 2000 H
PyErr_NoMemory () Mk IR R . A XSO KA (Fl40 PyLong_FromLong () ) BE&X 4
T, FrPAXAN R T EEHH malloc () AUEDLL.

EFERZ, BT PyArg_ParseTuple () SFHERBISL, IR IMTEELCIRASH i ok L0 F A0 2R o] I {E
R FTR AT, MPA -1 FOREKM, Wl Unix RGE0E 4.

BoE, SRR Bl — AN RS R A R R GE IR 2B R AT Py_XDECREF () B
Py_DECREF () JEH)!

YT EWA 7 H e BT AR E 4. FTA B B Python & #AG XF M W= B C XF4, il
PyExc_ZeroDivisionError, RW PARLIEEME A EAN]. 25k, RN YR ik 70 — RNEE A
PyExc_TypeError HRF/R—A X TCEHFTIT AP i%H PyExc_IOError). WIRSHIIEA
#i, PyArg_ParseTuple () HMHGHEH 45K PyExc_TypeError. WERARBEE—ASEMHLIALL T
FETL 2 A e HoAth 24, WISEE A PyExc_ValueError,

PRALAT AR AR ISR S ME— B o . 75 AR SCPF AR A I — N SxT e &, o

static PyObject *SpamError;

T HAEARBI BRI R UG PR EL (PyInit_spam () HE I —A 58X SR AR L

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;

(F D)

21. £/ C & C++ ¥ & Python 7
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(£ L£50)

return m;

}

Note that the Python name for the exception object is spam.error. The PyErr_NewException () func-
tion may create a class with the base class being Exception (unless another class is passed in instead of NULL),
described in bltin-exceptions.

] R T 2 B PR AT T spamError — 5], XEAEW. N TP IR s, A5
SpamError KN &M B 14T

—2x1E PyMODINIT_FUNC /EN MR é&zuﬁl*ﬁgaﬁﬂﬂfﬁ
spam.error S Al DAEY R P, 183 PyErr_SetString () BREUAA, 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 EFIFIF
[ EVHTT AT, AR AR AR A

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

It returns NULL (the error indicator for functions returning object pointers) if an error is detected in the argument
list, relying on the exception set by PyArg_ParseTuple (). Otherwise the string value of the argument has
been copied to the local variable command. This is a pointer assignment and you are not supposed to modify the
string to which it points (so in Standard C, the variable command should properly be declared as const char
*command).

T—AMEH ] UNIX R EE system () , EHAMAISEIZENIA M PyArg_ParseTuple () HUH
-

sts = system(command) ; ‘

AT M) spam.system() PR A6 AR 1] sts B A {F A Python X¥ 4. iX i it i JH »A £
PyLong_FromLong () F3ZH,

’return PyLong_FromLong (sts) ; ‘

TEXFEOLT , SR E— R R, (X ARG&AE Python i HUAAE B .

AIRARIY C B A A HWREME GR [ void K%, WLAZR [E None o (RF]PAH Py_RETUN_NONE
TR 5E K-

Py_INCREF (Py_None) ;
return Py_None;

8 Chapter 2. RERE=FTREBT R
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Py_None is the C name for the special Python object None. It is a genuine Python object rather than a NULL
pointer, which means “error” in most contexts, as we have seen.

2.1.4 ERFERMIGILER R

H TR spam_system () Wi Python &7 iH H . 86K %507 B A AT ARE Python A ], 75285 L—
ANJ5 3 method table”

static PyMethodDef SpamMethods[] = {

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

{NULL, NULL, 0, NULL} /* Sentinel */
bi

HRESE “ASH(METH_VARARGS ) , XMrdEfiE M C WyEMG]. nIiEfff METH_VARARGS .
METH_VARARGS | METH_KEYWORDS , {H 0 f{Z{#if] PyArg_ParseTuple () HHIHA &,

A Bk ] METH_VARARGS , PR 4 2> %% £ Python f% 3k tuple #% X 19 2 ¥, I & & A
PyArg_ParseTuple () #fTfEMT.

METH_KEYWORDS {HFE/REZ KBTS XMHN T C REFTRERZE =1 PyObject * X4, %
NFHSE, i PyArg_ParseTupleAndKeywords () JRMATHSEL.

XA TTIEFR PRI E LA PTG -

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

SER R AT 3B 25 R DS AT A A PR . R AR AL PRERA AT Ay 444 Py Init_name () , HHt name
E@%ﬁ%lﬁ’]@ﬁ'—, HMAZE AR static , HAEBIHSCIER:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

% PyMODINIT_FUNC 758 T s 4UfE N PyObject * aR[MIZRAL, FEEMV-& a4 ar, ARG
C++ AR E) extern "C",

When the Python program imports module spam for the first time, PyInit_spam () is called. (See below for
comments about embedding Python.) It calls PyModule_Create (), which returns a module object, and inserts
built-in function objects into the newly created module based upon the table (an array of PyMethodDef structures)
found in the module definition. PyModule_Create () returns a pointer to the module object that it creates. It
may abort with a fatal error for certain errors, or return NULL if the module could not be initialized satisfactorily.
The init function must return the module object to its caller, so that it then gets inserted into sys .modules.

2 A Python i}, PyInit_spam () REASHHSIEA, BRIEIIE PyImport_Inittab RE. ZR
I 4 iR, [ PyImport_AppendInittab () , A[HERIRE —MEIRKIFA.

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

{

(R oUgkzE)

21. £/ C & C++ ¥ & Python 9
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(8L 7))
wchar_t *program = Py_DecodeLocale(argv[0], NULL);
if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1);

}

/* Add a built-in module, before Py_Initialize */
PyImport_AppendInittab ("spam", PyInit_spam);

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

/* Initialize the Python interpreter. Required. */
Py_Initialize();

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

PyImport_ImportModule ("spam");

PyMem_RawFree (program) ;
return 0O;

HEff: B sys.modules MHFRSEMAR BT A B4 FBELE] — IR RL 2 MRS (SN fork () 1M
Bl exec () ) RAE—SLy BT B /R4 R . 3 REBTHEE AT ATERD BR A N SRR S A I 4 2 o

B 22 R TR B SE 1 il 43 15 7 Python JEIE£31% Modules/xxmodule.c H1, X LR DAAVEMR
PRI, B 2%>] . IS modulator.py £ £ 7E RS % A7 B Windows Z2%érfr, HRAL T — A B
GUI, KRR ESL B R BRI S, I BT AZE UISE A AR . JI A< 7E Tools/modulator/ H 3%, #
& README DA T f# ¥

HfE: AEIRAIN spam BilF, xxmodule fiffl T % MrFiands 1t (Python3.5 Frf5[A), PyInit_spam
221 [A]—A~ PyModuleDef 515 {4 , K501 @ AU E] T AN . 4179552 PEP 489 [ Z M B IG 1k -

2.1.5 YmiFFOsksE

TEARRESE AR B B Y R B, AR T B F5 B Python JREEE ik AR AR
AN, T VRO B E R GRS B AL H . B2 B 2% ik y R sy (1
C/Ct+ 4 & FAT), VAKAE Windows 4R Ta B AIME B (f£ Windows F & %hit C de C++ 47 e B11).

WERARA GBS E, s BB AR 11 Python ARREEHIN — B2y, WAL 08 i il BN

HEE AR . s E7E Unix BAREE, HFTEEAEIRE S (spammodule . c R HBil) BT 48
PR AT Modules/ H3R'F, WI—478] Modules/Setup.local FHIRIRI S

spam spammodule.o ‘

IRJETETIUZ H 5517 make SR E B EERAS . (R PATE Modules/ 1 H (i )i] make, {HEIRAAZI
JEEH Makefile UfF, MRJ5iEfrmake Makefile’ fir4-. (VKRB Setup SCPFHRT B )

UERARI B TR BB AR, X LEN AT A IR B SO, 2852

spam spammodule.o —-1X11 ‘

10 Chapter 2. RMEAE=KT AR &R
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2.1.6 7£ C Shiff Python ¥

&5 N1k, FAT—EALEE S 4Tk Python ] C %, HSSdsktRA ], W2 C 1 Python
PR AR R ICHA . AR C DR, IR A BESE B A [l LH] .

Szl , Python G LT FERIANY , F-2ahnifE Python s R AL AR 1. (X HLAUA FFHEA AR
Hr Python FAFE A4 AT, ARA BN PAZ % Python/pythonmain. c Hf —c fr AT,
)

i i Python AR fi] 1, ' JG Python /7 2L4L 3 Python pRAIM 5. WARFR LA eR i (SHAREE 171) sk
B IR BT, 4R RARAT Python pADM RINREN, LA (Py_INCREF () A H5|
AL YRR R WA A RER . 206017, AR KB B E S —i o)

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;

}

XA PR FCL A H ] METH_VARARGS br& M 8 R RELS . X AEAL 3 7 ik A Ao s 10 3 3 BT ik
PyArg_ParseTuple () BREXMHSHH SRS I e B el S

The macros Py_XINCREF () and Py_XDECREF () increment/decrement the reference count of an object and are
safe in the presence of NULL pointers (but note that temp will not be NULL in this context). More info on them in
section 7| A it #%.

Later, when it is time to call the function, you call the C function PyObject_CallObject (). This function has
two arguments, both pointers to arbitrary Python objects: the Python function, and the argument list. The argument
list must always be a tuple object, whose length is the number of arguments. To call the Python function with no ar-
guments, pass in NULL, or an empty tuple; to call it with one argument, pass a singleton tuple. Py_BuildvValue ()
returns a tuple when its format string consists of zero or more format codes between parentheses. For example:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () i [ Python XI 4 4§ %), X W & Python g % B & [l f4.
PyObject_CallObject () & — X HSH” 51 H L X" Wk 6+ Hmcdez2mF
2853, I HAE Pyobject_CallObject () ZJG Bl T Py_DECREF ()

21. £/ C & C++ ¥ & Python 11
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Fymval,Caliobject ) WERIGILR 37" f9: BAR ANG: HLRC NS, 5
U FJTU\F‘?EIH AR %%ﬁﬁ%ﬁ' S, ARTREN X AMEME ] Py _DECREF (), BIEARN]HL
Eﬁﬁﬁ?ﬂ%§ (*Tﬂ ) ZHLﬁ/\

Before you do this, however, it is important to check that the return value isn’t NULL. If it is, the Python function
terminated by raising an exception. If the C code that called PyObject_CallObject () is called from Python,
it should now return an error indication to its Python caller, so the interpreter can print a stack trace, or the calling
Python code can handle the exception. If this is not possible or desirable, the exception should be cleared by calling
PyErr_Clear (). For example:

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

HOET B AR AR AL, AR BRI — 288153 PyEval _CallObject () o TERLENGIL T 2401
2 Python FEfPfRItnY, dlad 4 O PR 2 [l pR B0 5 SRR AT AR I s EL e ARk . 73 oh— 4
I AR A 1 — DT TR L SR . SRR BRI T3k e Py_Buildvalue () TS tuple. 284>
BT, AREAL AR AT A #0F AUAS:

PyObject *arglist;

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

VEE Py_DECREF (arglist) FIfEALL I BV, TERT R A Z Al SR ETE—EMEIR,
W Py_Buildvalue () A]REL BN L HE.

LRV R B A T EOE R, AR PSRN Pyobject_call () , HESIFFASHM AR TS
M AT EH) T, BT Py_Buildvalue () RHRETIL

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 B REHHSH

HE PyArg_ParseTuple () WA :

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

ﬁ*‘ﬁ arg WAUR—ICHRI G, A5 M Python #2145 C BN S EBIK . format ZHLNIE— AT
fiHR, TBIATEZ% Python C/API %ﬂﬂﬂPE’J arg-parsing, FIRSEEAANAL BRI HIE, FEGHEFAT
%Xﬂ“ I

& PyArg_ParseTuple () 2l 21 Python ZH2EM, AJCiAR N &2k 2 fhp C A fEtuhk, 4N
X AT, ﬂﬁﬁ%ﬁﬂﬂﬁ*&ﬂ’?/\?@ AN

VEREARAT F A4 42 060 Python X431 FIE 48 g s R BEMIE 19 T4
R

12 Chapter 2. RERE=FTREBT R
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#define PY SSIZE_T CLEAN /* Make

#include <Python.h>

*/

"s#" use Py_ssize_t rather than int.

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

Py_complex c;
ok =
/* a complex,

/*

PyArg_ParseTuple (args,

Possible Python call:

"D:myfunction", &c);

also providing a function name for errors */

myfunction (1+275) */

2.1.8 A REHMXBFEH

K3 PyArg_ParseTupleAndKeywords () FEIHITF:

int PyArg_ParseTupleAndKeywords (PyObject *arg,

PyObject *kwdict,
const char *format, char *kwlist[],

2.1. {#f C & C++ #' & Python

13
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The arg and format parameters are identical to those of the PyArg_ParseTuple () function. The kwdict param-
eter is the dictionary of keywords received as the third parameter from the Python runtime. The kwlist parameter is
a NULL-terminated list of strings which identify the parameters; the names are matched with the type information
from format from left to right. On success, PyArg_ParseTupleAndKeywords () returns true, otherwise it
returns false and raises an appropriate exception.

TR ERCAE ST K T SR TR AR, ANTE kwlist ) KB P S M 38 TypeError S,

R B2 T SR B TR, 35 /2 Geoff Philbrick (philbrick @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)keywdarg_parrot, METH_VARARGS | METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0O, NULL} /* sentinel */
bi

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

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

14 Chapter 2. REHE=FTHOIET R
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21.9 WiEEEE

XANRES PyArg_ParseTuple () RAAMRL, AEIUIT:

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

BT, 5 PyArg_ParseTuple () MilF], {HESHnAUe 5 R bhETEE (A% bR
e, iARR ). 2R [ A Python Xt GE Tk 8] C & &R I 47 Python fUHS

—/5 PyArg_ParseTuple () WIAE, JEIHIW AT EA) KR W]— o4l (Python 240 iR M 2

TEWNERSIA o), el F A& 25 HoAth Python s PAZ 4. Py_Buildvalue () H AR EA M ICH,

LT 1 MAEX AR ST, R NF 5 E 2 WER [F] None |, — S HUON E 2R M4 2

ﬁé@ﬁ%o WER SRR H A B — K BN 0 o], SES— A InEMcdl, FEAERX TR P L
=2

Bl M2, A2 Python {HZR):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123

Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell’

Py_BuildvValue (" () ") )

(

Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 456)
Py_Buildvalue("[i,i]", 123, 4506) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_Buildvalue (" ((ii) (ii1)) «(ii)",

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

2.1.10 5|ATHE

1E CIC+ i F 1, FEF RSS2 A [ml ik heap A (77, 7 C WL, il pi%L malloc () Fl
free () R5EM. TE C++ HUZHRAE new Ml delete SRELBUMIFII LI AE.

/i malloc () AMECRIINTEEL, SRAREE free () BEF|W HNIE R Z. WHH free () 1Y
FIHLAER B, R DNFIRET free () M SEONGFMN, X NFER TS5 R B JCEE
. UM A Bk, TR — P EE free () TUAJE, WAM—Fe5FRRvT ), 0V
mall;c() E%gﬂﬂﬁ%@ﬁ#ﬁ% XU 454t S A T KPR L A%, core dump, 445
R, MR A

AP RR AL S AR A — U RN WL AR i L Fe i — AR EOR T T INAFRAS, BT 885, AR5
FERCN AT B . BUAE—SE0 R BB BT RS 0t S I A S B A 1, AR5 i) AR R [l 7
AR T SO R W RS NAE, Rl E I . XA N, —B5IA, AR AT
MELAMSINE , B85 50E 3w AR AR, i DAL SO AR BRI A, BT DAY (e K iz
AT o SR R R RSN A AR R . R, A R GR ER  Ea AATE  SR R /Mbt
Python ifiif malloc () il free () W& KB ANAF P BCHRERL, [FIFRTG 2000 N 7Pt A B 64T fluik
BRI 51 R T d, HRPRILR T B BRI G S — TR, TR RIS R T R4
WEAEA S, ST IHTHECN 0, RN RE LB FAERE ST, MR DANER T .

H ANk B FH R eni. CA NG AR BEE R S sk, T RaX B A 307 I PAX 7>

PIE). E SR B U0 0 PR T IR free () o G — MR dhatd BE s N A7 BT
IR AN . BsUEXS C, B Al RSARRY H S [l ficds i 5 A P80 AT AT oA S8 80 (O 22
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malloc () #ll free () ERECZAT A, X2 CARMEMHLRAD) . WIFARA —RS AT RAER A 3L
Welulie s, (HAERCHTFRA L2055 1 B —& T A

Python i L4 M5 T RRSE I, AR CORERIGINAS , I LARZIN G IAEER . X5 JomsfH O B
o RHEAY A TARERG I, X5 TR — 55 . U BER RN & (TREER) 1951 T4
5, FrOAMBER P RO R S HVHEER A 2 0. S5 T H RS BUETA DAL T3 DA ER AR 42
BRI ARG, WA SA IR LASMR S T T

FEERERM 25 AT ARSI B A ERFE M. ge BEHRAE T s i iRl gs (collect () BED) , M HATLA
TEBATINELE S8 RIS . DRFRRTIRS B FE AT e, BRI A1y, HzTU\TVJ@EH‘%‘H%, 7£ Unix
P& (124% Mac OS X) fiif] —-without-cycle-gc #EJi#] configure A, WIRIGHHRIZ WAL,
ge BHEEAR T T

Python g5 | FBit#

B W% Py_INCREF (x) il Py_DECREF ( ki@%]ﬂ%ﬁéﬂ(ﬂ’]ﬁ/}jﬁ Py_DECREF () tH&7E5| i1
BEE 0 BPREHOT 42 . 7%1 Ti(ﬁ A AE?%FJE% free () , TM@MWLEXTZM) KA 2 %B’J BAEER SRR
Mo ATXAEI AR, SR ERAE 8 r'? E BRBINT I TRE

KT ﬁ@illﬂ it Py_INCREF (x) fll Py_DECREF (x) ? HATH G| A—LEMhE. BA A" 4
A AR, TM#H%*A§IMEIJ~AXT% ~"XT%B’J%’IH%1T§5(E>U\J?H§7€§'IH§EI’J*KEO SR
WHEAT Etﬁﬂﬁ Py_DECREF () , fE5|IIAFFHEN. 5 HRIA KR ARE . A —Fpipikokat
BIWARGUN: L. fEhE. 1J““’JH§ Py_DECREF () . &icAbE A MG & T2

EAPA AR — XI5 SIS AR %A Py_DECREF () o f§H#F LA RARERA X R
RIS A TR EHIA H AL B RS AT RS A KB, %5 4

AR TS5 R R AR IR I OB AR AR B IE U, BCE U, i 5 iR THO At Y
AU o A5 A ik i e — 2 R IE A AU RS _E R A5 T Tﬁ'é%f WA EALEEEIRR.

FEHIAT A A ST, ] Py_INCREF () o EAXFWE LA IA & RS, X a)Ed—
AEHIPAEIH, FFaTRaEriia & (%ﬁﬂ@%ﬂ%ﬁ%z\ﬁ b4 A BT ?)E@ZHIJE’J?H%%%%B#)O

AAEAN

B RGBT — R BORT,  sRRO I 1 VA% ds E A KRB R a5

K2 B eR R [ — A R 151 H, 9?1?3_%'[)%%7596? W, A A B  RB, Bt
PyLong_FromLong () Ml Py_Buildvalue () , &G#MA X RABNE . EENRAZEIER
i, %Wfﬂuﬁtﬁxﬁ%@%ﬁ%lﬂ%a *’l‘ifﬂnz PyLong_FromLong () 44" T —NRATEHMZEAE, Al
PAIR 0] 2L 4750 H 385 1

R r—DRERBT R R, W Bids| HX R, Bl PyObject_GetAttrString() . iX
BRGSO, — 2R K IR 2 B S PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #R2RIBIMITH. FF%. FHEIEHKIGIH

PR%Y PyImport_AddModule () &R EIE ARG, WHATTGESR B GRS XAATEEHE —A4>
WA WG| XS R AAAETE sys. modules H,

Y RAL B — IR B 7 — A R, SR REUR R B A WERFREAAE, ST Py_INCREF ()
AR ST A . XA A A EZ R FISL: PyTuple_SetItem() il PyList_SetItem() .
XL PRI Z AL BRI S KR, WSk (5 PyDict_SetItem() RHFIEASEZTIHX
#, ffi1E” IEFEHT).

YA~ C R Python JJIIF, 2 IR I 7 R SRS ST - T EIA XTI RIS, BreAE ]
5 | A i 0 T DAPRAUE B R SR 1] o B8 5 75 AP s v, b A R A 15 L

HIL VP Py_INCREF () .
Python ¥ I A C pREGR [m] I XF 55| I w002 308 15 | H—3F X 2 M R EUE 3 250 35

2ARE G — AR RIS WAL URAETI KL
SRR HHECE A VB, SR S AT DAFEC SRR AR, A AT AR A 5 T
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e B K
LRGN, ARG ERRICE, HATR R SEIE. Xl e O RS i QR A, IF T ag
FEGINIAFE AL EEFI

YT SN R R SR T Py_DECREF () B —IERMER, MX MXRI5IHZEMN A —51%
ML . 2851

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

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

A BRECE A —ANE B 1ist (0], SRJEE:R 1ist [1] HMH 0 ., HEITHEHME . FikILE
M, HARE.

BATREEHIRIEA PyList_SetItem() . FIERIAHEGIH THIA B, FroAY AL 1 et st
AR B JFR A B 1. BIAEIRBE ORI 1 2 P S, HABRBX AN K E X T __del ()
T TR ELEE G 1, 2B IERSTM __del__ () HiE.

BESK 2 Python BfY), _ del () LA APATAEE Python fUFY ., 24 AT REYE bug () M item K I15]
R, 2. B F#EE8ET bug () &8 __del () FEFFHN, kAT —MEA) L SL P del
list[0] , RGBS — AR5, s SR MNAE, M item TRk,

ORI, ARANE T R, A S T RN G TR IERR AR Y R AR AT

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

Py_INCREF (item) ;
PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0);
Py DECREF (item) ;
i

XA ESEWHE . — AN HUARY) Python 4045 TiX A bug (AP, 1—L8 A\AE#R T K ENAITE C 78
FEIFH A4 _del_ () HIESKK.

XA ) R £ RReRE DR A B 5 | P M AR AR R, il E, Python fiERERS L2 AN AR Jo it AN 1)
A%, FEMAASRBRTE Python FEANXT 4 23], HAT PAEH % Py_BEGIN_ALLOW_THREADS llfi
FPREGX AN, BT R EU A Py_END_ALLOW_THREADS . iXill % FIS84EH € /O M 4N, fEfsHAmLk
FEN] DAESETE VO WA AL B . AR, W R BRI 2 mi AR A —RERy 1R

void

bug (PyObject *1list)

{
PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
...some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */
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NULL {84t

In general, functions that take object references as arguments do not expect you to pass them NULL pointers, and will
dump core (or cause later core dumps) if you do so. Functions that return object references generally return NULL
only to indicate that an exception occurred. The reason for not testing for NULL arguments is that functions often
pass the objects they receive on to other function — if each function were to test for NULL, there would be a lot of
redundant tests and the code would run more slowly.

It is better to test for NULL only at the “source:” when a pointer that may be NULL is received, for example, from
malloc () or from a function that may raise an exception.

The macros Py_INCREF () and Py_DECREF () do not check for NULL pointers — however, their variants
Py_XINCREF () and Py_XDECREF () do.

The macros for checking for a particular object type (Pytype_Check () ) don’t check for NULL pointers — again,
there is much code that calls several of these in a row to test an object against various different expected types, and
this would generate redundant tests. There are no variants with NULL checking.

The C function calling mechanism guarantees that the argument list passed to C functions (args in the examples)
is never NULL — in fact it guarantees that it is always a tuple®.

It is a severe error to ever let a NULL pointer “escape” to the Python user.

2111 £ C++ PR EY RE

SETTAAE Cv FA SRR, TURATREIR. AR SRR (Python fURER) JE M C 4k i
BERERY, 4R A X G AR AR R P TSR o 20 R BB A0 A . b
227 Python MRRESAT GE LI BLH I LB RT) ALATFWI Y extern "C', [ ATE extern "C"
(...} HLALE Python SkSCPENIAR RIFATEE, WA L T /% __cplusplus MCLZ R4 FH]
(9T (FATBLAL Cr B2 SR ).

2.1.12 459 RIERIZ{E C API

REY FEBHRAL T B ek B2 Python i, EA I AL LA At n] DAGCH b AR R (st
o Bldn, — A9 R AT ASZ N2 collection” e L2 WA T . k142 Python 51| F227
?ﬂ%ﬁ{C APT AAVFY A HOR QM ZAE SR, IXASHTY RG] A — M C s BT T 45 HoAth 7 btk
FIEM .

TR ARG R AT EHE R EFREUE static), SAMAMILICE, AR CAPLISCRY. 5K
P _EAEA 3 RS RS f A R 2 Python fERESRIt02 P DATE R AR . MR DAL PR RE RS, —
AR A BT SO 7 — MEHOAR AT L . AT LGRSO T B R e, — 28 R GEHY Python ffRE SR (4 1)
R4 25 18] (B0 Windows), A LEMAESER IR &5 25— E S ALFS L (M T2 AIX), =X
B PRHE TR A SN (U Unix 251). BUERAHS2 4Rl WA, R I ARt T 6 i AR 2k

] REAE LT BN REXAT S AT WAEMUEAT . X REWRE Y R L BT A S W iR A static
B RSP AA (LeR R, RIS S A AR i 4 o R (FE B AR 7 ik A s A B B TR
XEMERT S A% 24 0 1 A 1 75 2R A AT

Python $ {1 — AR A ML R A% 3% C F R B (R4, M— P RALEE] 5] —4~: Capsules, —4>
Capsule ;2> Python ik 2H, Sff774i%t (void *). Capsule Hfigidid H C APL KRBT, {H
] AR At Python % 52— e feid . H, FRATHIDASEE — A9 ReBtHar 24 25 M 4 5 HAh " A
A AR AKX, SRBUX A4 T HIE, S5 Capsule KRS .

Capsule T A ZF7J7GH C APL 454 LB . R4~ T A H © 1Y Capsule, s(E A C APL 47
E%ﬁﬁ%ﬁ#’l‘%ﬁcéﬁi, KA HHEFE A 45 Capsule. fPAHHBREUREHR R A 20530, % P
Mo

Whichever method you choose, it’s important to name your Capsules properly. The function PyCapsule_New ()
takes a name parameter (const char *); youre permitted to pass in a NULL name, but we strongly encourage

S AR IHZ WA TR 2052 i, XS HEAR AL, R TR Z IR .
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you to specify a name. Properly named Capsules provide a degree of runtime type-safety; there is no feasible way to
tell one unnamed Capsule from another.

WAL, Capsule il T2 C APL, HA 7 VAR 0f 40 F LT :

modulename.attributename

{EF|K %L PyCapsule_Import () A] AT {HEIYZE BT Capsule $#24L11 C API, {UXF Capsule [#)4% 5~ VCHL
B o iXAMT A C APL ] PR At 7 BE R PR 2 TEHfIY) C APIL

U0TR Bl 7R TR R S H AL i S I B YDA TR A R . TP EBTA C APT 4
B BT H A ) AE void S4B, I fIHAEAS S Capsule. XV AYBLHSLSOPEF It 1 20 A B
FABBANGI C APL 545 & P b LR BAE ) C APT i XA~ ZE R

SRS E spam b, R EH —/FEah )T B, K spam.system () AHBEHH CJFEK
B system() , (H—ApK%l PySpam_System () HTHA, 4 fEﬂ;UPAEE%wb (B spam”
L), S PySpam_System () &S 44 HAbY @iFbe,

PR%L PySpam_System () @44l C AL, A static @i H A 7 AR

static int
PySpam_System (const char *command)
{

return system(command) ;

}

PR spam_system () $HANF & 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);

}

FEBHITSK . FEHAT)S

#include <Python.h>

A S Wity

#define SPAM_MODULE
#include "spammodule.h"

#define T HAEL IR LM ST A FRATEIS, AR mib, 52, BHRAYIG L R Hn
IRt C APL 4554

2Hith

NS

PyMODINIT_FUNC

PyInit_spam(void)

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

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

(N gksr)
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/* 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 ; HWAMEH AL SHE PyInit_spam () 45 JETHK!
Sk spammodule . h B —HE LA, FHifERWTIR:

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

}

#endif

Q9]
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(£ L£50)

#ifdef __ _cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B i AL R 2T A A) e A R R HL R R T PR AL import _spam () (ECH ) A BE VT ) pR KX
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;

}

RATIAR BRI A, SO spammodule h id TR, MK, XIMEANETI AR KL, BAGH AL
1, BreA RS EEE] R,

I 5 T AR R 1) /2 Capsule $24IL T#AMYTIAE, H T FEf#oE Capsule ML 455 1 N AE 70 BUFIREC. 48
5% 2% Python/C APl 2% Tt E Y capsules Fl Capsule f5Z 3 (£ Python Y55 % 7451 Include/
pycapsule.h fill Objects/pycapsule.c).

&t
22 HENT REE: #Hi=E

Python fL¥ 45 C 4 AL E UnT LA Python fURSH BN RBTRAY, XMRBNERY str FI List KA,
PR ST AR ER LG — IS, HRAERTT IR AT, R T Leany . X S x4~ &

YA

2.2.1 Kl

CPyihon SE T Python A YA Pyobiect * MAEEE, WIFTAT Python XH4 " LRI,
PyObject ZHI AL TG reforence count RIRTGHY FMRIG" . SRR WRRRS T3 A
MRSt (C) b, PU N RPEEAR, I, S S5 PARHIR. E C R ER
o SHHTE

BRUA, WA B SRR R, T AU T A %

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

HfR: XA R E X static P RERBNIEG . W PAEA RIS i, C AP A AE LAEHE
AR Y ESEEL, i PyType_FromSpec () BEL, (HATEAATTHEIHE,

#define PY_SSIZE_T CLEAN
#include <Python.h>

Q)
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typedef struct {

PyObject_HEAD

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

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

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

PyMODINIT_FUNC
PyInit_custom(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",
Py_DECREF (&CustomType) ;
PY_DECREF (m) ;
return NULL;

return m;

(PyObject *) &CustomType) < 0)

XHERM AR S B, X2 N TR B AL B

XA RE LT = R

1. Custom ZEHIX}4 object £ 5 T CustomObject 454, X2 MAE] Custom SEFSHE—IK .
2. Customtype Y174 iXJ& CustomType Z5#4{k, HE LT —HARRAREIGE, SR

BRI ERAE.

3. WIUAAL custom il PyInit_custom EREFIN VY cust ommodule LEF{A

SR — B

typedef struct {
PyObject_HEAD
} CustomObject;

X2 H B ST ). PyObject HEAD Jg il il BoR MIAEREA X R L5 MR 2 7, FHRAE L
—/NRAN PyObject WFEMY ob_base , W& T —ANEEHE MBS LA —A5 1 HHEL GX v A
% Py_REFCNT fll Py_TYPE KIX4M). FZRMMG, (AR AR
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HEfif: AR PyObject _HEAD A /5. BAMNNIN S & FEEU RS LR A

WK, XFHEE THE PyObject _HEAD fEAifdi s, iGN Blan, a0F & LT FrUERY Python I 55
e

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

BB AL AR B E S

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

bi

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

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

A ek —ma, BR—ITFE:

’ PyVarObject_ HEAD_INIT (NULL, 0)

XA sl A, HCARIIR RN B3R 2 ob_base T

’.tp_name = "custom.Custom",

The name of our type. This will appear in the default textual representation of our objects and in some error messages,
for example:

>>> "" 4+ custom.Custom()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "custom.Custom") to str

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

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

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

{#f#:  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
type first in its __bases__, or else it will not be able to call your type’s __new___ () method without getting an
error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize than its base
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type does. Most of the time, this will be true anyway, because either your base type will be object, or else you
will be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_ TPFLAGS_DEFAULT.

.tp_flags = Py_TPFLAGS_DEFAULT,

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

We provide a doc string for the type in tp_doc.

.tp_doc = "Custom objects",

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

the API function PyType_GenericNew ().

.tp_new = PyType_GenericNew,

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

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

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

Py_INCREF (&CustomType) ;

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

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

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

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

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

in a file called setup . py; then typing

$ python setup.py build

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

That wasn’t so hard, was it?

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

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

24 Chapter 2. REHE=FTHOIET R



https://packaging.python.org/tutorials/distributing-packages/

Extending and Embedding Python, %47 3.7.5

2.2.2 Adding data and methods to the Basic example

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

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

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

} CustomObject;

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

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

CustomObject *self;

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

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

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

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

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

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

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

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

}

return 0;

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

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

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

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

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

bi

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

bi

QS

26 Chapter 2. RMEAE=KT AR &R




Extending and Embedding Python, %47 3.7.5

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

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

Py_INCREF (&CustomType) ;

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

return m;

This version of the module has a number of changes.

We’ve added an extra include:

#include <structmember.h>

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

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

The object structure is updated accordingly:

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

} CustomObiject;

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

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

which is assigned to the tp_dealloc member:

.tp_dealloc = (destructor) Custom_dealloc,

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

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

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}
return (PyObject *) self;

and install it in the t p_new member:

.tp_new = Custom_new,

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

tp_new is passed the type being instantiated (not necessarily CustomType, if a subclass is instantiated) and any
arguments passed when the type was called, and is expected to return the instance created. t p_new handlers always
accept positional and keyword arguments, but they often ignore the arguments, leaving the argument handling to
initializer (a.k.a. tp_init in Cor __init___ in Python) methods.

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

The tp_new implementation calls the tp_alloc slot to allocate memory:

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

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

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

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

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

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

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

}

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

}

return O;

by filling the tp_init slot.

.tp_init = (initproc) Custom_init,

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

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

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

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

To be paranoid and protect ourselves against this possibility, we almost always reassign members before decrementing
their reference counts. When don’t we have to do this?

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

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

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

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

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

bi

and put the definitions in the t p_members slot:

.tp_members = Custom_members,

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

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

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

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

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

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

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

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

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

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

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

and assign it to the tp_methods slot:

.tp_methods = Custom_methods,

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

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

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

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

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

1)

2.2.3 Providing finer control over data attributes

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

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");

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

}

self->number = 0;

3
return (PyObject *) self;

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

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

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

}

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

}

return O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

return -1;

QS

32 Chapter 2. RMEAE=KT AR &R



Extending and Embedding Python, %47 3.7.5

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

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

Py_INCREF (self->1last);

return self->last;

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

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

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

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

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

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

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

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

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

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

Py_INCREF (self->first);

return self->first;

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

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

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

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

We create an array of PyGet SetDef structures:

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

bi

and register it in the tp_getset slot:

.tp_getset = Custom_getsetters,

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

‘We also remove the member definitions for these attributes:

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

bi

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

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

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

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

Q)

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

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

}

return 0;

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

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

2.2.4 Supporting cyclic garbage collection

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

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

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

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

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

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

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

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

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

} CustomObject;

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

Q)

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

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

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

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

}
return (PyObject *) self;

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

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

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

}

if (last) |

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

}

return 0O;

static PyMemberDef Custom_members|[] = {

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

{NULL} /* Sentinel */

bi

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

Py_INCREF (self->first);

return self->first;

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

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

Py_INCREF (self->last);

return self->last;

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

(R
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return 0O;

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

bi

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

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

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

bi

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

bi

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

bi

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

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

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

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

return m;

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

static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arqg)
{
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret != 0)
return vret;
;
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}

return 0O;

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

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

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0O;

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

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

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

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

PyObject *tmp;

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

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

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

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

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

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

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

2.2.5 Subclassing other types

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

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

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

>>> print (s.increment ())

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

(N dkse)
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static PyObject *

SubList_increment (SubListObject

{

*self,

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

static PyMethodDef SubList_methods[] = {

bi

{"increment", (PyCFunction)

SubList_increment,

PyObject *unused)

METH_NOARGS,

PyDoc_STR("increment state counter")},

{NULL},

static int

SubList_init (SubListObject *self,

{

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

self->state = 0;

return 0;

static PyTypeObject SubListType = {

bi

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

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

static PyModuleDef sublistmodule = {

bi

PyModuleDef_ HEAD_INIT,
.m_name = "sublist",

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

.m_size = -1,

PyMODINIT_FUNC
PyInit_sublist (void)

{

PyObject *m;

SubListType.tp_base =

if (PyType_Ready (&SubListType)
return NULL;

&PyList_Type;
< 0)

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

Py_INCREF (&SubListType) ;

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

return m;

PyObject *args,

self,

PyObject *kwds)

args, kwds) < 0)

sizeof (SubListObject),

Py_TPFLAGS_BASETYPE,

"

(PyObject *) &SubListType) < 0) {
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As you can see, the source code closely resembles the Cust om examples in previous sections. We will break down
the main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

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

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

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

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

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

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

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

Py_INCREF (&SubListType) ;

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

return m;

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

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

PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

printfunc tp_print;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

Qs
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(£ L£50)

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

One important requirement of the deallocator function is that it leaves any pending exceptions alone. This is important
since deallocators are frequently called as the interpreter unwinds the Python stack; when the stack is unwound due to
an exception (rather than normal returns), nothing is done to protect the deallocators from seeing that an exception has
already been set. Any actions which a deallocator performs which may cause additional Python code to be executed
may detect that an exception has been set. This can lead to misleading errors from the interpreter. The proper way
to protect against this is to save a pending exception before performing the unsafe action, and restoring it when done.
This can be done using the PyErr_Fetch () and PyErr_Restore () functions:

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

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

{Eff#: There are limitations to what you can safely do in a deallocator function. First, if your type supports garbage
collection (using tp_traverse and/or tp_clear), some of the object’s members can have been cleared or
finalized by the time tp_dealloc is called. Second, in tp_dealloc, your object is in an unstable state: its
reference count is equal to zero. Any call to a non-trivial object or API (as in the example above) might end up
calling tp_dealloc again, causing a double free and a crash.
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reprfunc tp_repr;
reprfunc tp_str;

tp_repr APRRET WAZIR B — AN FAFEE XIS, Hh SR e sLplr £nE. T 5o
T

static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{

return PyUnicode_FromFormat ("Repr-ified_newdatatype{{size:%d}}",
obj—->obj_UnderlyingDatatypePtr->size);
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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.

R AR R BT

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

2.3.3 Attribute Management

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

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

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

/L. */

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

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

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

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

2. AT BRI A BRIC SR SR 2 A P R e, AR EARIA (R BURAE
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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 object:: ZERU I = A B

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

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

typedef struct PyMethodDef {

const char *ml_name; /* method name */

PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char *ml_doc; /* docstring */

} PyMethodDef;

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

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

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

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

PR & 8 X AEfile: * structmember.h *; ‘B4 T0] DAfH ] bitwise-OR 2H & .

B ax

READONLY WA 5
READ_RESTRICTED Not readable in restricted mode.
WRITE_RESTRICTED | Not writable in restricted mode.

RESTRICTED TEZ PR AT, AT,

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.
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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.

Here is an example:

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{
if (strcmp(name, "data") == 0)
{
return Pylong_FromLong (obj->data);

PyErr_Format (PyExc_AttributeError,
"'%$.50s' object has no attribute '%.400s'",
tp->tp_name, name);

return NULL;

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

2.3.4 Object Comparison

richcmpfunc tp_richcompare;

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

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

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

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

PyObject *result;

int c, sizel, size2;

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

Q)
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newdatatype omitted */

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

switch (op) {

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

;

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

return result;

2.3.5 Abstract Protocol Support

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

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

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

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

hashfunc tp_hash;

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

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

result = obj->some_size + 32767 * obj->some_number;
if (result == -1)
result = —-2;

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.
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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 callis obj1 ('hello"'), then self
isobjl.

2. args is a tuple containing the arguments to the call. You can use PyArg_ParseTuple () to extract the
arguments.

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

Here is a toy t p_call implementation:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

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_iter by returning a new reference to themselves — and should also therefore implement the
tp_iternext handler.

Any iterator object should implement both tp_iter and tp_iternext. 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_1iternext should always set an exception and return NULL.
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2.3.6 Weak Reference Support

One of the goals of Python’s weak reference implementation is to allow any type to participate in the weak reference
mechanism without incurring the overhead on performance-critical objects (such as numbers).

S

Documentation for the weakre £ 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, O)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),

bi

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

static void
Trivial_dealloc(TrivialObject *self)
{

/* Clear weakrefs first before calling any destructors */

if (self->weakreflist != NULL)
PyObject_ClearWeakRefs ( (PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */

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

2.3.7 EZEWN

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)) A
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;

S UL:
F#k CPython JEfCISRAS.  https://www.python.org/downloads/source/
GitHub |-J3% CPython JR{CiZ) CPython JiiH .  https:/github.com/python/cpython
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PyObject* PyInit_modulename (void)
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def initfunc_name (name) :

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

return b'PyInit' + suffix
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from distutils.core import setup, Extension

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

ext_modules [modulel])

Wt S setup.py , A3 demo.c, BT

python setup.py build

X demo. ¢, RIEE— Y BB demo FEH SF build B, KT RS, B HHE
HEATHFREUW build/lib. system , Z4F A4 demo. so B demo.pyd .

FEXAF setup.py B, PrAIfERA LEL setup B8, RO DA A8 B> 0 P 28, b
BT HE T — 74 FERIFREE RS E TIEERICEE, ARSEE TENE. @
MO WIEZ B, WR Python AYJRADEHEL . SUR . T4 . 524K distutils (3RS, 7E distutils-index
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W WA E S setup (), MEE KWL A, H i Lol 7R setup () 11
eﬂﬂmmmsﬁﬁ%*ﬂﬁ%@ﬁ,lAagﬁEmﬂme%%iﬂoW%*%iWﬁXTW%
4 M demo , M EA—JFERL A demo . c .

W2, WE— M RAEIRNZ , TR B SO . QTR il R 1k 2

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

Bl 7 kgL setup O FEWHABESMESL T OB R, SMEFERMUMERNNZ. TR, Hig
JE T HALPRARE X, include H3g, FEHR, M. MO T 9ikds, distutils i I HAW A% 1805 B 45 4 i
#r. PIANTE Unix [, 550200 F it

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

AT RIS OUH TR H Y distutils P NA%AH(E distutils B8RRI .

2.4.2 HHIREYY RARIR

B RE LML, ﬁzﬁﬁﬁﬁmo
A Pl AR, W DA

’python setup.py install

B BRI ;. RSl AIsA T

’python setup.py sdist

AUENGULT, T AR 2 A e A S UM SOMF s Xl id MANTFEST . in SCPFSEHE, £ manifest |
FRANY

WP S AT E T, dEfrE ol AR R kAT BT, — DTS

python setup.py bdist_wininst
python setup.py bdist_rpm
python setup.py bdist_dumb
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2.5 7 Windows E&%i% C 1 C++ J' &

This chapter briefly explains how to create a Windows extension module for Python using Microsoft Visual C++, and
follows with more detailed background information on how it works. The explanatory material is useful for both the
Windows programmer learning to build Python extensions and the Unix programmer interested in producing software
which can be successfully built on both Unix and Windows.

Module authors are encouraged to use the distutils approach for building extension modules, instead of the one
described in this section. You will still need the C compiler that was used to build Python; typically Microsoft Visual
C++.

{I:f: This chapter mentions a number of filenames that include an encoded Python version number. These filenames
are represented with the version number shown as XY; in practice, ' X' will be the major version number and 'Y
will be the minor version number of the Python release you're working with. For example, if you are using Python
2.2.1, XY will actually be 22.

2.5.1 A Cookbook Approach

There are two approaches to building extension modules on Windows, just as there are on Unix: use the distutils
package to control the build process, or do things manually. The distutils approach works well for most extensions;
documentation on using distutils to build and package extension modules is available in distutils-index. If you
find you really need to do things manually, it may be instructive to study the project file for the winsound standard
library module.

2.5.2 Differences Between Unix and Windows

Unix and Windows use completely different paradigms for run-time loading of code. Before you try to build a module
that can be dynamically loaded, be aware of how your system works.

In Unix, a shared object (. so) file contains code to be used by the program, and also the names of functions and
data that it expects to find in the program. When the file is joined to the program, all references to those functions
and data in the file’s code are changed to point to the actual locations in the program where the functions and data
are placed in memory. This is basically a link operation.

In Windows, a dynamic-link library (.d11) file has no dangling references. Instead, an access to functions or data
goes through a lookup table. So the DLL code does not have to be fixed up at runtime to refer to the program’s
memory; instead, the code already uses the DLL’s lookup table, and the lookup table is modified at runtime to point
to the functions and data.

In Unix, there is only one type of library file ( . a) which contains code from several object files (. o). During the link
step to create a shared object file (. so), the linker may find that it doesn’t know where an identifier is defined. The
linker will look for it in the object files in the libraries; if it finds it, it will include all the code from that object file.

In Windows, there are two types of library, a static library and an import library (both called . 1ib). A static library
is like a Unix . a file; it contains code to be included as necessary. An import library is basically used only to reassure
the linker that a certain identifier is legal, and will be present in the program when the DLL is loaded. So the linker
uses the information from the import library to build the lookup table for using identifiers that are not included in the
DLL. When an application or a DLL is linked, an import library may be generated, which will need to be used for
all future DLLs that depend on the symbols in the application or DLL.

Suppose you are building two dynamic-load modules, B and C, which should share another block of code A. On
Unix, you would not pass A . a to the linker for B. so and C . so; that would cause it to be included twice, so that B
and C would each have their own copy. In Windows, building A.d11 will also build A.1ib. Youdo pass A.1ib
to the linker for B and C. 2. 1ib does not contain code; it just contains information which will be used at runtime
to access A’s code.
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In Windows, using an import library is sort of like using import spam; it gives you access to spam’s names, but
does not create a separate copy. On Unix, linking with a library is more like from spam import *; it does
create a separate copy.

2.5.3 Using DLLs in Practice

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

When creating DLLs in Windows, you must pass pythonXY . 1ib to the linker. To build two DLLs, spam and ni
(which uses C functions found in spam), you could use these commands:

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

The first command created three files: spam.obj, spam.dll and spam.lib. Spam.dl1l does not contain
any Python functions (such as PyArg_ParseTuple () ), but it does know how to find the Python code thanks to
pythonXY.lib.

The second command created ni.d11 (and .obj and .1ib), which knows how to find the necessary functions
from spam, and also from the Python executable.

Not every identifier is exported to the lookup table. If you want any other modules (including Python) to be able
to see your identifiers, you have to say _declspec (dllexport), asin void _declspec (dllexport)
initspam(void) or PyObject _declspec(dllexport) *NiGetSpamData (void).

Developer Studio will throw in a lot of import libraries that you do not really need, adding about 100K to your
executable. To get rid of them, use the Project Settings dialog, Link tab, to specify ignore default libraries. Add the
correct msvcrtxx.1lib to the list of libraries.
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3.1 Embedding Python in Another Application

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

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

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

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

S

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

3.1.1 Very High Level Embedding

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

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

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

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

}
Py_SetProgramName (program); /* optional but recommended */
Py_Initialize();
PyRun_SimpleString("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");

if (Py_FinalizeEx () < 0) {

exit (120);
}
PyMem_RawFree (program) ;
return 0O;

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

3.1.2 Beyond Very High Level Embedding: An overview

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

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

1. Convert data values from Python to C,
2. Perform a function call to a C routine using the converted values, and
3. Convert the data values from the call from C to Python.
When embedding Python, the interface code does:
1. Convert data values from C to Python,
2. Perform a function call to a Python interface routine using the converted values, and
3. Convert the data values from the call from Python to C.

As you can see, the data conversion steps are simply swapped to accommodate the different direction of the cross-
language transfer. The only difference is the routine that you call between both data conversions. When extending,
you call a C routine, when embedding, you call a Python routine.

This chapter will not discuss how to convert data from Python to C and vice versa. Also, proper use of references
and dealing with errors is assumed to be understood. Since these aspects do not differ from extending the interpreter,
you can refer to earlier chapters for the required information.
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3.1.3 Pure Embedding

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

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

#define PY_SSIZE_T CLEAN
#include <Python.h>

int

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

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

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

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

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

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

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i) {
pValue = PyLong_FromLong (atoi (argv[i + 3]));
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 (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong(pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr, "Call failed\n");
return 1;

}
else {
if (PyErr_Occurred())
PyErr_Print ();

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

return 0;

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

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

c =20

for i in range (0, a):
c=c+b

return c

then the result should be:

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

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

Py_Initialize();

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

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

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

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

pValue = PyObject_CallObject (pFunc, pArgs);

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

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

static int numargs=0;

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

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

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

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

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

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

In a real application, the methods will expose an API of the application to Python.

3.1.5 Embedding Python in C++
It is also possible to embed Python in a C++ program; precisely how this is done will depend on the details of the

C++ system used; in general you will need to write the main program in C++, and use the C++ compiler to compile
and link your program. There is no need to recompile Python itself using C++.

3.1.6 Compiling and Linking under Unix-like systems

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

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

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

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

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

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

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

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

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'

62 Chapter 3. EEXHIMRAEFP#RA CPython iE1TH




APPENDIX A

P NEPOLEES

>>> 7 H A L ERIA R Python #8/R4F . RS BoR T B8 DA By e MR A T AR A0S 2 il o
. AR L i AR AT AT BRI Python $R4F, 3% gEiERCRDEL, RO BRI
(B, s, s =E5]5), SEiE MG,
2t03 ¥ Python 2.x US4l Python 3.x FRTNY T H,  AEAH AL S ACHS 4ok AT I -4 AL R
AT R A
2t03 W ETEFRERE T, B K 1ib2to3; H4RME—ISI AT Tools/scripts/2to3. &
I, 2to3-reference

abstract base class — fiI% 36 IR ELFHR ABC, @Xfduck-typing NS, "E4AE T —Fhe 3 1T
F, Mz FHAMB I hasattr () BAS T bR (FlantiH BA ). ABC
SIANT BRI, XA IRgkR | HALSE, HAMSHER isinstance () Al issubclass () A
A5 PR abe BiHSCRY , Python A VFZ N E ) ABC HI T-SLIBIRSEM (fF collections. abe
Her), 85 (FF numbers B )| i (7F Lo B, S ABFASAIMELS (FF importlib.abe
FEderp) o RATPAREH abe BEHORAIE H CL 1Y ABC.

annotation — fr7E KECEIHAAS &, RIEM:. REUESEUR MHMERIFRE, #E2)EE Rtype hint RAF .

SRR A e bR AE B A TN AT U ), He fRAR & R MR R B AR 2 0 IO . R R %L
] __annotations_  4FikEM.

2 W variable annotation., function annotation, PEP 484 f1 PEP 526, X}t IHGEYIH N .
argument — S5 FEIH ] s EL 45 funciion (Smethod ) Wi . S0 NFiRh:

o KT AR FERRBOH A R RTTEAFA AR IR (B name=) SCEME A ELERTHAA ** BT
JLHLERR A 25BIRUE, 3 1 5 FELAFXF complex () WM /@ T KT ZSEC

complex (real=3, imag=b5)
complex (**{'real': 3, 'imag': 5})

s E A AET RETFSHNSEC MESHOTH T SEON RIS AL/ 88 e
A * iterable BETCRBAE A 2EBIRUL, 3 F1 5 FELA N 1w T AU B S

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

SR PIRAELES R B Pt B SR AS . A R (EALIN 2 DL calls —5 . ARHETEIE, ATM1RiAsC
EATHARFIR — SR A I E S PRGOS 1 Jey A f

63


https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0526

Extending and Embedding Python, %47 3.7.5

HZ: Wparameter RUEFZLH , BT ZHGESHIXAAL PEP 362,

asynchronous context manager — 525 | F 0PRSS L Fh X 2 @ o & X __aenter_ () M
__aexit_ () HYERX} async with iBh) RSN . B PEP 492 5] A

asynchronous generator — 522522 K88 1% [0l {H “Kjasynchronous generator iterator WK%, B 5 ] async
def & LR REARAMLL, ARZAAFET BEMEE vield RiFA A4 — R AIHE async for
PEER A

WA 3 2 4 57 0 A e R AR, (EAERE SRS UL T W] REJR 48 - & A
PR B S, T AR DA SR S

— A AR R BT RE LY await Rk B asyne for PLM async with i),
asynchronous generator iterator — 535 /L K 286088 asynchronous generator PRB BRI 4 .

SEAHE TR F asynchronous irerator, 4 __anext__ () J7 I & A AT S R SR AT
S E AR S B E R A yield %ikst.

B yield SUGHHEFFFAEI, JO0EM4 A CRITRE (IF RIE AR uy ). 4% F
HARBRRE THM __anext () BEIWATSEAEARINT, &2 BTFA AT,
Z: I, PEP 492 #1 PEP 525,

asynchronous iterable — 5 [ ZKRA R W] #E async for i A) gl i A A9 X 5. 0 AGE i B W
__aiter_ () F¥ER[E—Aasynchronous iterator, {1 PEP 492 5| A,

asynchronous iterator — 5B R4S SEPL T _ _aiter () Ml __anext_ () FYERINAR. _ _anext_
WNAR Bl —A~awaitable Xt4: . async for SR EAERMN __anext_ () JryEArR B W] 45
X4, HAEG| K — StopAsyncIteration . H PEP 492 5| A,

attribute - JEPE RBCE— X RIGE, W AR S-S RAXE L ARG B, WR—ARF o
HA—AJEM a, SnTLAH o.a K5 IHE,

awaitable — WERPN R BETE await Rk NS . AT LG coroutine B2 A __await__ () J5
WXt 4. 20 PEP 492,

BDFL “& 5~ 26mM#kE" WHE X455, Bl Guido van Rossum, Python A7 .

binary file — " JERISCHE file object RENSIEE F 7 R af o T HER SCHRRO B FE DA dE RIS (Trb,
"wb' or "rb+') FTHM M. sys.stdin.buffer, sys.stdout.buffer DA io.BytesIO
Ml gzip.GzipFile HJELH,

TS Wiext file T RREMSTES str XGISCIFRTS .

bytes-like object — P {i2X 4 574 bufferobjects H- H.GEF: ) C-contiguous ¥4 . iX 5 TH bytes.
bytearray fll array.array X%, PANFL T nemoryview X 5. FWRNFRAEZFH
BRSSP R XL AR R . PR I SO A G i B ik A .

SR EERR EI AR R . XA RAE SR TR RN CPTEEE EATIR AR A ARG T
ST bytearray VAKX bytearray ) memoryview, HABEAESR — IR T A
AlARRT G R R XTSI 6] 036 bytes DA bytes X4 memoryview,

bytecode — ‘¥ iy Python JCHY & PeiE R 74585, Rl CPython @R 1 47 Python FJ7 1 PYHUAD .
FHMIERGAAE pyc S, SRR “UCRATIR] — SCPFRE BE R (AT AS 2500 U5 BB i
HFHR) o XA AE F B AT AR TR AT LSS B ) virual machine 2 Lo RN
Python JEIAL_ L7 A—E@ ], A -—ERETEA ] Python A A% .

TGS FIRATLATE dis BURIY SR &R .
class — & JHSRAVE 7 SO G . 2858 S # 5 XH% 2RI 5L BIEA T B T
class variable - J&A8 i FEIE b E A&, HF HAUBRAESRMZ G BB (AR RSB B D) .

coercion — SR 7001 ST H R R SR Beferh, — P e il B ek 75 — 2R 2.
B, int (3.15) JEAFEUFE R ACHBON AL 3, HAE 3+4.5 W, SHERBA—F (12
int, —>Jg float) , WFLAHECARIFEBLARERIIN, HIHE51% TypeError. HWIREATHR KK
BB, R L AR T AT AR SR — A IR 2R AL, BN S K £1oat (3) +4.5 MMA

2 3+4.5,

9
<

%
%

SR E. WRFEEE

o)
!

64 Appendix A. RiEXEBFR


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

Extending and Embedding Python, %47 3.7.5

complex number — 528 XHESCHOAR G &, A A Ber iy — S SR A .
BOSHERORAE (-1 PP OTIR) BSeidle, WTEResh 5o 1, FETRAAHE) §. Python WHE T
X SR, R TR AT 20 A —A~ 3 JE8, BIAn 3+13, AR E math Bk
XFRIX I BA, i HH cmath, ZAENZ— RSP WK A
WE, AR ENTHILTFA AT

context manager — |- F3CEPIES A with iEA P H ], WEidEN _ _enter_ () il _exit_ () ¥
KA HRIARBLARSHINT S . 2L PEP 343,

context variable — |- F 328 by — RIS AT R R SO0 AR R EAAE B . X T HE R =i
PR PATERE T LR A ANFE AR A, W BT CEER, — M T gis
HZA TR, BTN R E ARSI KRS AR TiEES. 20 contextvars.

contiguous — L —ANEM AN C i 421 Forran i 8t S WO N TESE) . FYEL /2 C Ml Fortran
L) . FE—YEE T, I 4% H L HE A I IUAH SR HES ], SR NI AR i e &= 5| )7
TEZ Yt C-IEL A, M4 AP HbEEHES 5 B Je— AR5 | 1 ) 4% B I 3 bk . B /& 4E Fortran
SR NLE SRS etk

coroutine — Phft P T BIRERYE—BIE . FOIREN] ATER — e ATFAE S — R o PRI AT DAYE
WEAFEM S EFEA L BEFRE . B asyne def ifAPREIH. S0 PEP 492,

coroutine function — PpFERAEL 1R [8]—{>coroutine 3T RE . VIMERZ AT asyne def {EA]3RE X,
HA] LS await. async for fl async with K., XL4ER M PEP 492 5] A K.

CPython Python #iFEiE S HTE LI, F python.org % 7. "CPython” —i] Jf] T-7F s BRI SE 0 5
S BG40 Jython BY IronPython AH X 51«

decorator — Mgy R EME N 75— RN REL, HHEMH ewrapper EETEARHATREUL e, M
R0 WA 49 FE classmethod () fll staticmethod ().

MR R —FEIRNE, DA PR BUE SR S ESe %

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

@staticmethod
def f(...):

FUFEBLEWIER T, R IFHGER . A7 XSRS T T 5L S S 000
.

descriptor — {iiA%S FIEXL T __get_ (),__set__ () 8{ __delete_ () HEMRNE., B—1KE
PR, EMEIRE E T S R A R R il . EEIET, B a.b AR BE
SO B — N EERT STE a ZEF IR E IR MR 0 XS, (HUER b2 — A iRds . WSRO
IR s . BRSO 2 R Z IR BRE Python B S48, TR B4 £ BB I EL R
GIERE. . @, . ESOE AT IS | 5

A KBTI IR TS I Z 5 descriptors.

dictionary — ‘F2lt —ANRIRHA, HrP (T2 A BRI . BT ARAE(TEA __hash_ () A0l
__eq__ () HIERXTSR. 7E Perl 155 /1M hash.

dictionary view — “‘FIHLFE] M dict.keys (), dict.values () fil dict.items () iR [EIFXTZHEFR N
FHAE . B TFIAH N — DS, X G IR, RS . 2
FFF A R 4o FOER PR, AT 1ist (dictview) . 2L dict-views.,

docstring — SCRYFAFHY M2, BB 2 N9 ER — DA U U A7 8 i E. BRI T
2N, B PIERESR B PTEZE  BREEBR) __doc_ J@IEH . T e T
WA, NIRRT AT I LT A

duck-typing — W& 1- M 15— R e XS, B AU HOW R ISR & H2 A IR0, i
e EARE B O s e (CRERBNS 1, nEARBEN T, Al Eienr.”) i1
S AR E R, B R R RIS AT i 2 SR ORI R G M. 972 Tk T

65


https://www.python.org/dev/peps/pep-0343
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://www.python.org

Extending and Embedding Python, %47 3.7.5

type () B isinstance () i, ((HEHEEMFRAATDAMEH 46 248 & /ENRNTE. ) TTARESR
Ml hasattr () KB ZEAFP %ift.

EAFP “3RJFIRHCRIFITEZR S B9ESCHiE . X Fh Python 5 H US4 5 WUAg 23 (B e i /s 1 B 5l s A7
TE, AR E RIS . XA PO KA R e K s Al try Ml except 4], T
AN WE FriELBYL WA, & 0L T C S5 2 HAWE = .

expression — F3E A AT DK FEAMEREVERIC. a)iGil, — DRSS RBCEFANFHE. 4
PR BT BEAS BRI, B SR Bl —AME. SFL2HMEFAE, Ik
Ve AR B BAFEARRERE FME R R W statement , BN while. T2 JE T1EH
[T S v

extension module — §JE ik DA C 5 C++ iS50, {#H Python [ C API 5155 4.0 DA P0G
BATACH.

F-string — E-0F A €0 80 E RIS TIDERAN R 1 SR
RIS . 20, PEP 498,

file object — SCIEXF G X AN UL S0 APL DAREFI R SRS (45 read () B write () SREAY
) o MR A AR, SO AT DA BLSCRE LSO, XA, il
i@giﬂ%ﬁrﬂ (GRS A/ . TR IX . . %) . SRR tlfRoh r %
2k IR,

bR B RSB SO G TG =t ) S, Gih =) S DABGCUAR S BTN E
SCHTE o B, QB SRR E T 22 1 open () BRAK.

file-like object — SLIEIRXF SR file object ¥ [R) SLiF]
finder — ARy —Fh o2& T AR loader [PIXT 5

M Python 3.3 BEfEAEPH PP R A 4R AN U312 & 4% il sys .meta_path ffiffl, PAKpath entry
finders Bt & sys .path_hooks ffiff.

2P ] 200 PEP 302, PEP 420 £l PEP 451,

floor division — ] FIRUERRTE ) &5 A B Sz BB B BRvE . I N U BRER BB 7/ . B
w, Fk 11 /7 A EEEEE 2, M52 MR EF S B EIERRERE 2.75 . R (-11)
// 4 2R -3 FRIXAE -2.75 @ T ABEISE R, i PEP 238

function — p%L P LA AR MIEEAMER) — 4B . AT AR AR AT A S 3 AR BRI T
i . 5 Wparameter, method F function 257,

function annotation — B bR RIENX R EE S 80R [FME B annotation
PREChRE T R A2 o BN PAR BRI A int SEOT AR Bl—A int {H:

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

PR AR B I AR I function —5 .
5% F variable annotation 1 PEP 484 3} W I GEHHE A .
_future__ —FOUREHE, FTREEY LT T R R AR O B A

Wi A __future_ BUHIFRTH AR EOR(E, AR AT ARE R B T e B gOmATE = A S AR I
I BRI

>>> import __ future_
>>> _ future__ .division
_Feature((Z, 2, O, 'alpha', 2)/ (31 OI OI 'alpha'/ O)l 8192)

garbage collection — Lt W BEHCR TR ) NAF 25 8] 13t 72 . Python &3l i 5 | FTHECR—ABEfS Ao
NS REAGERE | B A6 BRI 3 [o) e 2 R AT B2 3% [ Wi o AT DA FH g Rl ste f7s il sr 3% [l e 24

generator — /LS IR [B]—Agenerator iterator PR, CFREMBHR L EREL, AESETHAUS yield
FER DA = — R B LES for-EEA I B2l T next () BRELE—THL.

66 Appendix A. RiEXEBFR


https://www.python.org/dev/peps/pep-0498
https://www.python.org/dev/peps/pep-0302
https://www.python.org/dev/peps/pep-0420
https://www.python.org/dev/peps/pep-0451
https://www.python.org/dev/peps/pep-0238
https://www.python.org/dev/peps/pep-0484

Extending and Embedding Python, %47 3.7.5

A AR R, (BRSO N T B2 A Sk R, IR R RS L,
8 2 FR DAGRE S IE7 S
generator iterator — A KBS LIRS generator FREUIT AN 4 .
FA~ yield SIEHFEHEALRE, A 4RI EPATIRGS (BIGRHA RN oy 15A)). 4% &
RIS R EWIE IS, B METFO BARS AT (X 583 YR B AT R 1385 8 pR AR 22 IR )
generator expression — /LR FRIE X R F—MEREHFRIAX . BERRMBGE-ERA X FHE A E X
T MEHA R, R for 74), PAL—DANER 1 F4A]. PUFEAEHRBX S HIMNZ R B
—RIIMH:

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

generic function — {Z e AN [F] 2 S B (] B4 ) 221 R BT AL R R TR I & ph U 25
i S ANAVA L L SR

WBiE S Wsingle dispatch RiEZFES5H . functools.singledispatch () 3MfigePA & PEP 443,
GIL Z: W global interpreter lock

global interpreter lock — 2 Jfi# RS B CPython fEREAR PR B9 —FPALAT, ERORIE] — N2 A — A 2Ad
TEIHAT Python byrecode, WAHLHIE LB GAA ((14E dict SFEENERR) FHXIH LU
K224z fajfb T CPython SCHL. 43 REAMEREAS N BAGEAS I RERs 22 SRz Ty 8, HACH @4k
TAEZ AL HAS ERFHATIE

AN, SRR P S =07 PR T R IR AR T R TR AT VT A 2R 55 G H 4 e A SRR
GIL. W5k, FEIhAT VO Bl th 2 SRk GIL.

Bl —A (PAERSANRLED RS SR ) A A" MRS M ARIRIR R, B4
R 3 PR A R R DL S RO PEBE o R S IR b B TR A A R R B AR A Ak, AT
MELAZES

hash-based pyc — J&F W5 751 pyc {57 X5 B Y5 SO 8 W 0 7 3 S5 i 185 13 s 1) SF i G A 2080 1k ) 1
ZAE . &I pyc-invalidation.

hashable — u[Wy Ay — >4 G 14 e 7 (B A0SR AE JC2E i A I N 28R 0, ey Tee A (B EHA
__hash__ () Jiik), FFRIDAR AR RIEATHE (ERERG _ea O JiR). AIIGAXGR AL
AEAT MR RIS A (L EURR S5 5RA ]

TP SRR R SRR T SR A A LB, DR Ry B 2 ) A N T 0 AL

K24 Python th R TS BTG R TGS TUERE (AIAIERTI) MR R
nIARZEAY (BIANTCARN frozenset) {4 BEATICE I N IGA I AR PTIGAI . P e LW 54
MBI TR . EATERRN—EA A (RIS HCIER), BNIHRBAERE N5
TEAMW id() .

IDLE Python [ IDE, “SEWIF K 52 HEE” WA LS . & Python FRifE K AT T I LA g A 2 Al
fRREAS IR .

immutable - A4 HAREEEINTS . AN]SR AT . PARRICH. XX SN RER s .
W DAAFE— DA FERIE, MDA BN S EAHE T E 0 R A E M R R G EZAEH
BIANAE R 7 B g

import path - S A&1: M E (5240 ) AR, SR path based finder Ji KAk
AR TEFAR, HAESFRBEERE sys.path, ([EXFREARGEWATRERH EHREH
__path__ J&f%.

importing - S A 4&—MEHL ) Python A5 HE K 7 — NS dr ) Python ARSI (5 it 72

importer - Ay A I IMBAIAIXTG . WXTRBEE T finder g T loader .

interactive - 3 #. Python 77 — N HAfERERR, RIVR AT DATERERESR PRI e A A R ZRak =, 7 |p
PATH AR LR . HFEAFTSHHEE) python fyd (W] ATEARTTEHLIT 15 32 2R e
ISR I ) o AR BT ARV SRS I AR HOR L i 4 X b X B w O E (EICAS 6 help (x) ).

67


https://www.python.org/dev/peps/pep-0443

Extending and Embedding Python, %47 3.7.5

interpreted — f# B! Python — MR ALIE S, SN AR M IFAIE T, EORWE D d T 7y
B B AT AE T 2 A BB . R WR 3G YR SCPF ] DAL Bam A7 i A 4 (2 Xt B T AT SRz
1o MR IR T w A g 3R 2R A RO AR R ], R AR P TR . 2

Tinteractive ,

interpreter shutdown — fEREZS S 24P ER M, Python MERERRRFIEA — MR T BOFE 2RI
A FCoE I, BITERAIS F B N ERES IS . B Z WML eDIe 5 o XM E
SCHTRA S S5 | R A AR PR T o A8 S P T BERA T ARRD T RE i 2 4 P S, DR A HL I O
M FEIRC TR (88 LA B3 AR R B AL 45 ) o

FREAR 5 SR I ERE A __main_ BUREHTIE T IA O 5 il T -

iterable — A 3EACK % GEGSIE—IR B H S R IR A S . E RSB 3G G 268 (Fl 1ist .
str fll tuple) PAIESEIEFERZRAIGIAN dict . AT % DARGEN T __iter_ () JFyEmi 2L
LT Sequence 18X ) __getitem__ () HYEMEE HE KR4,

TR ST T for MRSV Z ST E—AFAIIT (2ip (0 map () ). %]
PR R AEN S EE AN BRI iter O I, 2R FPORIE R, R A HHE T X
GBI . 7P AT RE O R, Rl AT B dter O St H O AL A RIS
For TN MR ENALBIAREIRAE, IR — NI o 4 AT R TE TR MR A 1. 5

Witerator . sequence VA Jtgenerator,

iterator — AR JIORFR — B EIRAN G . ERIFHEALEN _next__ () I (BORHALLSN
BRREL next () FFEREF AR 284 Bei ] HIRR5] % stopIteration Spii. FiX
IR R BRI ORI, GRS __next_ () FEHA SRR K StopIteration
Fd. RHARLAEAT __iter_ () JVANPRIRENZEACERNR A 5, Ik A 2e 5 g alik
G, AT T HAD AR GE AR 6. — DN REWHIINSIL L2 R EL VAN
BRI . A g (Bl List) TEARRIHAAZA iter () BREEURTE for THFA P EI#
K7 AR AR . WERAE AR B0 R AR T 2R AR I 2 3 [l 7 2 1 a8 A e P e R [
—IERENR, HHAEERSGRE SR

W25 B &R typeiter,

key function — #Et e % §# R KPR BE B pR B, 2 BB S AR [ul T HE 7 SUHE LAY (ELAY T X 5. i,
locale.strxfrm () W T AT A1 E KIHT 202 1 HE i

Python Hf7 ¥ 2 T HAR A vF S R Bk = e R HEM 8 H 7 X HA 46 min (), max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () DA
M itertools.groupby ().

AR EE 2 M. B, str.lower () HEF ARIEZIE K/ NEHF IR 5
Ab, BERECR AT 1anbda FAARAIE, iUl lambda r: (r[0], r[2]).ifF operator
REHRME T =AM R B 5 #%: attrgetter (). itemgetter () flmethodcaller (). IHEAH
AT HE T —5 PASRERB AN {5 4 ok 5 o 49

keyword argument — 32 gt =S8 & Wargument,
lambda t1— > Efhexpression ¥ AL INIRER AL, kU AE I BORME. 4/ lambda pR %Y A%

5 lambda [parameters]: expression

LBYL “Jefif GHkiR” M9 Cais . XA AU g 5 XM S AE BEF T IR 1 Bl 4 2 A S Ui AS A i 45 F
BEXAE 5 EAFP J7 35U ORrEE R SR R A 1 £ 154
LSRG, LBYL TRLFE “&F” Al “BRER” ZRAAFA5ed M. B, AR
if key in mapping: return mappinglkey] W] REH THEMEBAEZ 5 HAB L AR M mapping
HFSER T key T HE A o 3R )80 AT Sk I A B ) EARP Oy 2Ok gk

list — 513 Python N B —Fsequence. BIRANHNFR, (HHEILT HABEF h Ry m AR 2%,
S T IR 21 O(1).

list comprehension — FlI&ifE G Ab P — 4> 7 41 b (1) e BURR 43 T R H IR ] S5 151 Ry — R BB H k.
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] 4K —
A~ 0 2 255 JEE NS BERHBEOT AR (0x.) B9FIR. o i f FAZATEERY, AnAg R
range (256) PHTA GRS AL,
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loader — JIEEZS 11 5T N BTN . B AE X448 load_module () WA, AR E & B —
Afinder I3[0, eGS0 PEP 302, X} T-abstract base class 1] Z: |, importlib.abc.Loader,
magic method - AR J5ik special method ) HEIE = [F] X id]

mapping — WL} — i SCRHAT BB A 09T S8 T Mapping B MutableMapping fil1 4 5 2 b i B 2
FHERIERIT R, B E2 T35 dict, collections.defaultdict, collections.
OrderedDict PAM collections.Counter,

meta path finder — JLIRFEMIRES sys.meta_path B R PTIR Bl W finder, TG AR A AR Spath entry
finders fF7E R HRARFFAAHIA]

{5 H importlib.abc.MetaPathFinder [ GBI ET TS IAI Y.

metaclass — o8 —F T EI@SEME., J0E LHEERY . BAMMERY R, STRMTHERZ LR=1Z
BOTRIEAHNA2E . KT A G e i 5 AR AR A — A BIA L. Python RAE 52 AAETH]
PABIEE H 8 . KA PUKIEA T B A TR, (FS4 R B, oIS TR AR I fL Ay
RIS ENCHA T IO B N H& ., ARk, RET a8, S Eag], PARIH
MV ZAE55 .

B %1% 2 I, metaclasses.

method J5i% FEASTRE LHREL. QEARAVEAIZIEM LI — @R, R 2 SRBCE B S/
REESE—Aargument GRSy °H self). Z: U function Flnested scope.

method resolution order — J; BT 5 32 AERATT I 50 /2 7 2r 8 A D3 48 2R R 28 iy F ) S8 S5 I
WA E Python 2.3 Jy AN THEE 2.3 BGE Python fEATZEFT FHAH 6 4 3E 11261

module Bl X5 2 Python fUR ) —FhZHZURAN . AR BA ST Y iy 4% 25 18], I 60354 Python X
G0 BRAE L importing FEAEHNZE] Python i

Y Wpackage.

module spec — BEHUELES — 1w 4 S [E), H AP AE T MBI A XS AFE. 2 importlib.
machinery.ModuleSpec [SLH.

MRO Z: Lmethod resolution order ,
mutable — WA W[ARNR AT DATEH: id () PRRFEE AR O T R YA . 53162 Wimmutable

named tuple - HLF5C8] il “HA 04 W i FAEMAOR 5o, I HH AR R TR BN 4
PRIBYEARDT BB BE . AR B A n] RET A H AR

HENERMETHMICH, 035 time. localtime () fll os.stat () WEREMEH. 54T

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

HLeAZTeAlR N ERR (Bl BBl 1) .« thsh, A ITdlid ] @il H MK E XN tuple 4%
I E LA PR Bo Oy SOk A . XA AT TS, s(F A T) K% collections.
namedtuple () Q). JF—MIr b2 EIN—4T T 5N EH A ST PriscA AN ik

namespace — iy %53 W] 544 25 [0 AT B T . A 25181 AR RN B, A X R P E
A as B (FETEZ ) o fin s 23 (B R B 1k f 24 i 28 K SR Eefb . 540, pRi%i builtins. open
5 os.open () A& H a4 SR K Ao fings 23 )0 58 = WA MRS S I~ eR 450k 35 Bl
REnl T 4E3P M. B0, random.seed () B itertools.islice () XFEVEIRH T X
R A2 random 5 itertools Bl HISEHNE

namespace package — @ %5 [ { PEP 420 fIr5 | AR —Fh (BN VE T i &g lipackage, fiy44 = )AL m]
PABCAT LRy, HfliidJr s Sregular package N[, PEAEATEA __init__.py .

a2 Wmodule,

69


https://www.python.org/dev/peps/pep-0302
https://www.python.org/download/releases/2.3/mro/
https://www.python.org/dev/peps/pep-0420

Extending and Embedding Python, %47 3.7.5

nested scope — {REFEHI 7E— & GEF NG| HASERIEE S, B, 765 —REZ N LRI R AT DA
5 EIE AR & R EAE A B 51 A SO SR IO Jarih AR s e AR SZ PR T
WEEHEL. X0n, £REENESIERT2RMA%00. @il nonlocal XAEFN AGE
NINZVE R

new-style class — i X T H 5 900 T Ir 1 2 2 R A0 IHFRIE. 78 5561 Python fift 4
H, HUE BN 2R RE A% 11T Python 7Y i B8 2 3G Rk, B4 __slots_ . HiIASF. FRAEJETE.
__getattribute_ (). KFEMESHES.

object — X G ALMTHALRE UBIESAE) PARSUE AT R (U5k) HI%diE. object g fEfinew-style class
iR T EEZR A o

package — . — Rl {0 & TR EE T L 05 TR Python module. MAEAR L3, WRMWAH __path__
JEVER) Python A5k,

52 Wregular package fnamespace package.

parameter — J§5 funcrion (8(J73%) 2 SCHI A IR, EHRE RET AR —Pargument - (BUAERE
BT, 210%%). ALMES:

* positional-or-keyword : /B8 AT, F5E— DR AMERZ T 53 B AW DIME R L 425 4
RAREES . KBNS R, Bl R E R foo F1 bar:

def func(foo, bar=None): ... ‘

* positional-only: {UBROIE, F8E—HEEHALE L ASEL. Python %A & AR EIE S
FTE: . (RS EREBCH (R EIE S (Ll abs () ).

o keyword-only: {{FRICHETF, FE— N HABEM X FAE ARSI URAEBEF IS HELTE
PREE LITES S R & AW A BIE S sUEE 2 N AL BIE S Z Bi—A * ki X,
BIAN R kw_onlyl F1 kw_only2:

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

* var-positional: AIAE( ., 4§52 W] DASR B h — MERRCR Y LS SHR S (e HA
BZERZNESHZIG). EMESESTERSAFRHIINE ~ kE XL, BT args:

’def func(*args, **kwargs): ... ‘

* var-keyword: WIAZKHET, F57E AT DARRBME R AR KT S AL (MEINTE ML 2 E 321 %
BYSHLIG). RFES B S AMEINR ** RS, Bl LR kwargs.

TEZ 0] DA B4 2 PRI S50, U nT DR R LE ] Be S 80088 e BRIA M -
& Wargument RiEFELH . SHEESH X AP LA, inspect .Parameter 3, function
"4 PEP 362,

path entry — J&4& A 11 import path W {A)—ASBPNALE . Sx@path based finder iR AR ZE S AWML,

path entry finder — A LA 23S T — W X2 /f] sys.path_hooks (Riipath entry hook) i [f
[ finder , PRI SR RETE L path entry g iFFHL o
5% importlib.abc.PathEntryFinder DA T f#BKIEA DB IRA I SLI AT

path entry hook — B4 A NV —FP P HIXT S, FERITE QA A AR 8 path entry WA BT  OL F REDS
i sys.path_hook #FEiR Bl —A path entry finder .

path based finder — 3£ T-BEIERI AR 28 BRIAM—FPTib 12 &K 5, WIHE—A~import path WA AL,

path-like object — B HEFM % E— N SUFERGE AN G, REEBEN R — N FREEEN str
B bytes X4, BAPLE—NEI T os.PathLike PN, — X Hf os.PathLike
PR R AT E S os . fspath () RGN str B3 bytes RAEM M RGEFE; os.
fsdecode () fll os.fsencode () F[H 5 A KBRS str 5 bytes FERIPLEE. L5
i PEP 519 5| Ay,
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PEP “Python #3217 ML . —> PEP L@t 301, JHoKI Python #EIXFL AR, it
R—A~ Python [k K HE R s B35 . PEP 1 2442 BORS A 1 5 AR BUMS F0 T4 DU 1 1y S5 P
Hip

PEP WA VE M HE T SR v s . e DX 1) 80 S B3t DA B R o 2 Ain A Python i85 e 5
9 5 SRR ML . PEP fUVEE G TALAEAL X YR SR, I BREAS [R] 2 WL 0 A SRy .
%10, PEP 1,

portion — {5y 4 i — i 4 A [ ALE AN H SN SCURE S (WP RBAFAT — A zip X)), Bk E X
i, PEP 420,

positional argument — i % $ %5 2 Wargument.

provisional APT - #5 APT 7 5E AP 245 A i HEFRAEAR 1 A 1) 5 A28 R PRAUE 2 S i) B2 AR 12 1
SRR A A S PR B, (HRBCHRC R E , ol n] REAEA% DT A B A 21
O AT G AMRARE S (B OFERZE ) . WAESOF RSB T - (U APT N
A RIATS )™ SRR BRI 1 A B4 7T BE X R

RIS X APL KL, 105 AN A S BBl G T 287 —AFA] b SR A B
TR R RE Se 2 R B —Fh ) J5 A MR YL T 5
KA B SRR SV ARE RSN W B AE , R 2 TR U R PR T T B A . 1 UL PEP
411,

provisional package — ¥ ={0 Z: Il provisional API,

Python 3000 Python 3.x %A B4R AINERR (364 FHAENUA 3 10 BT BB T NIRRT ) o
LA S Sy “Py3K”

Pythonic 35—~ B B uE — B AU B85 07 T Python 15 = 58 I KASFIFE S, A 206 HALE S
T AOAE A sk SE A . BT, Python F# ) RSS2 1] £or 1B B3R 3838 J — > n] AU %t 4
(I ICE . U HAE S A XA ZEH, A ZGR Python il A I £ % ] — BT
B

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

T 7 ) SE 57355 B Pythonic (75 35 i X FERY:

for piece in food:
print (piece)

qualified name — BE#FR —NUAUE SRR FR, TR BB 4 RV s Szt v SRR 25.
BRI TR AR, FHEE X PEP 3155, M THm ZHNRENZE, RELK 5545 r—
e

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

>>> C.__ _qualname_

IC’

>>> C.D.__qgualname___
'C.D'

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

295 T 5 BT, 78 IR E & AR BN/ RIZBR I AR5 B B B A, Hh e S A )
AL, Ul email .mime.text:

>>> import email .mime.text
>>> email.mime.text. name_
'email.mime.text'
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reference count — 5[ i 8; XFERE X R H5 ] HREGE . S4—4%F %E’J AT N ERT, Fraric RE
BRI . 51HTTHEO Python ACHD S 7 2 AR LY, (H'E R CPython LR —ANKBEITE . sys
Wit g LT —A> getrefcount () BEL, A2 5T H &R B4R E X405 | AL

regular package — ¥ A G R HIpackage, Pl EE—4 __init__ .py HFHH .
%2 [ namespace package.

_slots__ —FELERNTRRI ], i fs s B SOl et SR R R B S Bl IR N AE . EARIXFD
WIGRGAT, EREMNGAFAES, Sl ARETEDER T R, BIIARFE N A7 B 2
Ji, o HHE AP S R E S,

sequence — J 8l —Firerable, ‘B IHFHIE _ getitem () FRERIT R EBECRG | TR N TR V)
M), HE LT REFHER __len_ () 7’7{% WERFHIERA 1ist, str, tuple fl

bytes, WEHEA dict T FF__getitem () Al _len_ (), (HEHIANE T B IS,
N E AR AT B W) immutable §ETTT AEEEEL

collections.abc.Sequence IR ELEN T —ANEEERZED, BHEET __getitem_ ()
Hl__len_ (), ¥SHNT count (), index(),_ contains__ () Ml __reversed_ () . A[DAfH
 register () BATFMELIILY B DR ZEEL.
single dispatch — .53k —Fligeneric function /3RIE, HELIRE T HASHBIRBRERM
slice — YI W 0 # HALE T sequence [R)—ER X4 . V)R i&i@ i R Ardnic ok el&gn, 76 11+
?ﬁtﬂfb/l;b‘/{ 5 0 W, Wit variable_name[1:3:51. H3E5 (Fhn) Fricde R
slice W&,

special method — F§5k Jjiki —FfiEh Python [ A 7%, BRI HAN A BI P THR & B E U AnAf i 45 45
RN YA AR E AT I . FEIR I VAR SCRY 2 L specialnames .

statement — %54 150 EREFE (— MUY “H) PULRBANT . — S A R] DR — A expression BIEANAT
B RETHIZER, B0 1£. while BY for,
text encoding — SRS TR Unicode “A45 88 it S5 BB A 4 i 45 -

text file — LA —MEBBIET st XG W file object. 38 H—A> SCA SO 52 B & 1 0] — 4> THI ] 5717
1 BRI B sh Ak Prext encoding. SCAR U B FALFEASCA B, (" Bk 'w' ) FTIFAG SO
sys.stdin. sys.stdout VA io.StringIO HSEMI.

RS Fbinary file T fREEVGIES 59 08 % W SCHEXT 4

triple-quoted string — — 5[5 fFH RS ZAESNES (7)) SE RS ) WFEMSE. ENED
e LS5 ESH 5 S REN AR A AR, (HEF 2L .. BRI REES S N
TrRGE LRG| SRNG5S, I Bl DAESECE AT Jos B AT, 7E90 S SCRY 74 Hf B R Bl i
.

type — R Ao —A> Python X4 8 T AMIE; BAXEAEA A, BHLEXZA92EEL, 1]
PAVIIER) __class__ J@P, i@ type (obj) HKIKHL.

type alias — BG4, —ARBGE SGE], A1E7 20U 8 BURIE 45 PR AT -

KRB BRIt A X 2w . Biln:

from typing import List, Tuple

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

AT DA S R AT s

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

def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass
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Z: L typing fl PEP 484, H A4 X} Y REIG TR REA .
type hint — 38IPLR annotation A5, RJEPE. REWTIE SR M{EFE E 2 A,

R RJE T AT, Python K?ﬂ@’ﬂm HIC AR A2 AL 50 T BGEAE A, H Al Hp) IDE 528
(M EEL s iR AN

AR, RIEMEREE AR A typing.get_type_hints () KiiH, (HEHAE
B ARA DA,

Z W, typing Hl PEP 484 HAA%f I Ih BER 4R o

universal newlines — jili It 1 —FhAFELSCAIRI 3K, KA R IFE A5 B0 AT 45 i bRE : Unix 4T
LZERAE "\n' . Windows 25 '\r\n"' DL IHIR Macintosh fZY%E '\r ', &I, PEP 278 il PEP
3116 fil bytes.splitlines () JfE¥ £ HEULHH.

variable annotation — 28 b1 XjLﬁr w2 B M annotation
TEAREAR B BRI, 8 T35k LA

class C:
field: 'annotation'

AR AR RO R A 0 BINDA R AZ B2 int JRAURO(E:

count: int = 0

S AR TEYA N TEAR AR I annassign —7
1S function annotation, PEP 484 F1 PEP 526, HpxfthIheea g ik .

virtual environment — JEIEREE —FOR T HMER B H02 TN IR, Fui/F Python J PRI AR 202K
FIFHL Python 43 RALES A £ T35 [l — R4 iz Ty At Python [ FHREF 94T H -

HZ U venv,

virtual machine — JBHIBL — & 58 2l A U TTE AL, Python fg UL BT $AE 75715 5 i 1355 7 iir 2E B
Hbytecode.

Zen of Python — Python 24 5|1} Python Bcit i[5 59727, GBI THBSMEXMES . EFHAK
WA ATEAL BRI R AT i A7 import this”,
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APPENDIX B

i AA

TXEESCRYAE Y [ reStructured Text Ji3CRY, i Sphinx  (—A4N% 14 Python SCRY S SCRYAE e ) A% .
ASSCRYFIE B ) TR I %58 42 R S8 Y, XA Python A5 —#E. QREMS 5Dk, Y
L reporting-bugs T FEANT S o FRATT Bl B 0 1 !
SRV

* Fred L. Drake, Jr., @& 1 A58 Python SURYi) THAE, PAKIRT TAEH 2 /301

e Docutils #40, W H , Al T reStructuredText A Z A Docutils #4245

e Fredrik Lundh, Sphinx MAilif#] Alternative Python Reference 5 H H kA5 T 1R 2 4 AU ARE:

B.1 Python T8y Rk

1% Python i 75, Python FHEFER Python SCRYFT kI A, B Python J5 L & 77 ff) Misc/ACKS ¢
P T #5) TR <
T Python XAy AFITTHR, Python /4 T ALt (o F0 SCRY - HHEHRAT!
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appeENDIX C

7 S F0iFATE

C.1 ZHHFrIm s

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

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

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

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

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

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

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

C.2.1 HF PYTHON 3.7.5 Y PSF #F o] #ipiY

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

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

3.7.5 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.7.5 alone or in any derivative

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

copyright, i.e., "Copyright © 2001-2019 Python Software Foundation; All_
—Rights

Reserved" are retained in Python 3.7.5 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.7.5 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—~to Python
3.7.5.

4. PSF is making Python 3.7.5 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.7.5 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.7.5

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—~RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.7.5, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.
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7. Nothing in this License Agreement shall be deemed to create any.
—relationship

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

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

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.7.5, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 fj BEOPEN.COM #F &Il

BEOPEN PYTHON JF5 1] PS5 1 1

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

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

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

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

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

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

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.
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C.2.3 FF PYTHON 1.6.1 g5 CNRI ¥F o] il

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

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

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

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

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

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

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

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

80

Appendix C. FSEFI¥FoliE




Extending and Embedding Python, %47 3.7.5

C.2.4 FF PYTHON 0.9.0 = 1.2 f§ CWI i a]H#iY

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

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

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

C.3 R HFEYIT alIE 50515
A2 Python RATHUHICTAS = I BCPHRIVETTRIECNE ., it R e FLURIEA K R

C.3.1 Mersenne Twister

_random BHEE E T hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html | 25 /)
g, PR 2RISR (FF):

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR

QS
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CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

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

C3.2 EEx

socket B (i ] getaddrinfo () fl getnameinfo () pREL, X8R EE IS FE WIDE I H
[Iwww.wide.ad.jp/) FEARMIE SO,

(http:

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

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

modification, are permitted provided that the following conditions

are met:

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

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

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

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

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

C33 RLEEFRS

asynchat and asyncore B 5 PAR AR HH:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission

(FIHED
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notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

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

C.3.4 Cookie &1

http.cookies Hidhal& DL RS H:

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

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

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

C.3.5 HITERR

trace B PA T EH:

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode 5 UUdecode F#

uu AEHAL S DA A A

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML & 2= H

xmlrpc.client FEHVELSPAR ARH:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in

(CFgkzs)
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all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

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

C.3.8 test_epoll

test_epoll fHREL S DA ER:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

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

C.3.9 Select kqueue

select T kqueue [FHZ AL AR A= H:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

C.3.10 SipHash24

Python/pyhash.c {42 Marek Majkowski’ %f Dan Bernstein [} SipHash24 Z¥EMSEH . BESGPAT
==
7

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

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

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

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod and dtoa

Python/dtoa.c XML T CIEFRY dtoa Fl strtod BEEL, F T C 1B T BN BB F 45 52 B4 T 4640,
Z 4 i David M. Gay 1 [R] 24 SCHEIRAET S, 2411 R M http://www.netlib.org/fp/ F#k. 2009 43 A 16 H
For 2R B 1Y 1 SO 2 AR SURCRITAF W] e B

/*********************~k****k*******~k******************************

*

* The author of this software is David M. Gay.

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

% ok X % X

*

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED

(CFgkzs)
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* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

‘k*****‘k**‘k********‘k*****‘k*‘k***‘k****'k‘k*‘k************************/

C.3.12 OpenSSL

WEARBAERG T, W hashlib, posix, ssl, crypt B} OpenSSL k4 = ERE. MAh, EHT
Python [¥J Windows Fl Mac OS X %225 #%2)5 7] g fu3E OpenSSL PR #5 D1, BT AZE AL HF] ) T OpenSSL 1
ATUER$E DL

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

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

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

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

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

L S S R S S N S N S S S S N S N S . S T iR S I

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
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Lo I A T I S S N S

EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

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

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

L T R A N S S R N S SR R R S N I R R e S S N S N S N S T S N

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

Q)
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THIS SOFTWARE IS PROVIDED BY ERIC YOUNG ""AS IS'' AND

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

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

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/

L T S I R R e T

C.3.13 expat

BRAEGEN ——with-system—expat BB THE, T pyexpat § AR M5 expat YR DAY

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

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

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

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

C.3.14 libffi

BRAEBEN ——with-system-1ibffi NUE THH, B _ctypes ¥ AR5 Libffi JAHE DM T

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

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

CNgkzs)
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The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

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

C.3.15 zlib

R ARG EARBIRY 21ib BARIHTEik TR, W a5 zlib JEACH 8 DR 211 3

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

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

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

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

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

C.3.16 cfuhash

tracemalloc {ifi M7 I SEILE T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code 1is released under the BSD license:
Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

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

* Redistributions in binary form must reproduce the above

CNgkzs)

90 Appendix C. FseF0iFaiE




Extending and Embedding Python, %47 3.7.5

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

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

C.3.17 libmpdec

AR ——with-system-libmpdec [l & T/, B _decimal WiHHSE 415 libmpdec 1) #%
DURA R

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

Copyright

Python 51X {3 SCAY -

A © 2001-2019 Python Software Foundation, {58 g Al .

WA © 2000 BeOpen.com., {4 F FIr A7 FLA .

AL © 1995-2000 Corporation for National Research Initiatives., {585 BTG AU .
WAL © 1991-1995 Stichting Mathematisch Centrum., {483 BTG AU

A RSEBM VALV, 200 L AeF Tk,
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>>> 63

_ future_ , 66
_ slots_ ,72
TRELE

PYTHONPATH, 53

A

abstract base class —— £ E%,63

annotation -- #FyE, 63

argument -- F#, 63

asynchronous context manager -- 3 %
EFTXEEE, 64

asynchronous generator —-— 354 i %, 64

asynchronous generator iterator —-- =3
P AR R A, 64

asynchronous iterable -- # % ¥ #% X
%, 64

asynchronous iterator -- #FH&RE, 64

attribute -- B4, 64

awaitable —-- F&%#FXT4, 64

B

BDFL, 64

binary file —— Z3t#|CU#, 64
bytecode —-- F ¥, 64

bytes—-like object —— FHFEXL, 64

C

C-contiguous, 65

class —— %,64

class variable —- %74 &, 64
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complex number —— £, 65
context manager —-- T X%, 65
context variable —— FTXZ &, 65
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coroutine -- W4, 65

coroutine function -- WA E %, 65
CPython, 65

D

deallocation, object,45
decorator —— ¥, 65
descriptor —— #H®HE, 65
dictionary -- 4,65
dictionary view -- FHAME, 65

docstring —- XHIFELE, 65
duck-typing —-- #¥F %A 65

E

EAFP, 66
expression —- Rk, 66
extension module -- ¥ BRI 66

F

file object —— XHX 4,66
file-like object -—- XH £ L, 66
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finder —- &# &, 66

floor division —-- [ FEER &, 66
Fortran contiguous, 65

f-string —- f-F{FH, 66

function —- E#, 66
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G
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GIL, 67
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41, 67

H

hashable —— HWH%F, 67
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IDLE, 67
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immutable -- A HZ%, 67
import path —-- B AEBRZ, 67
importer ——- § A4, 67
importing —-- § A\, 67

interactive -- X &, 67
interpreted —— @EA, 68

interpreter shutdown —- fE % %M, 68
iterable —- H#XERW 4, 68
iterator —-- #RE, 68

K

key function -- #®E ¥, 68
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L
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LBYL, 68

list —— %%, 68

list comprehension -- %|XkI#HtER, 68
loader —- fn# %, 69

M
magic
method, 69
magic method -- JEARF %, 69
mapping —— B, 69
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method
magic, 69
special, 72
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)7, 69
method 7, 69
module spec -- LI, 69
module A3, 69

MRO, 69

mutable —- H 7,69

N
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namespace -- & X H, 69
namespace package -- 4% % [E 4, 69

nested scope —— #kEEHH, 70
new-style class -- ##%,70

O

object
deallocation, 45
finalization,45

object —- X %£,70

P
package -— 4,70
parameter —— %, 70

path based finder -- EFEBZEHEHKE, 70
path entry -- B#&ZEANH,70

path entry finder —— BHEANBDEHEHKE, 70

path entry hook -- B#ZANB4#TF,70

path-like object -- BEZEEx£,70
PEP, 71

Philbrick, Geoff, 14

portion —— 4, 71

positional argument —-- fL& &%, 71
provisional API -- #¥ & API,71
provisional package -- #HFM4,71

PyArg_ParseTuple (), 12

PyArg_ParseTupleAndKeywords (), 13

PyErr_Fetch (), 46
PyErr_Restore (), 46
PyInit_modulename (C &%), 53
PyObject_CallObject (), 11
Python 3000, 71
Python #FHEN

PEP 1,71

PEP 238,66

PEP 278,73

PEP 302, 66, 69

PEP 343,65

PEP 362,64,70

PEP 411,71

PEP 420, 66,69, 71
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PEP 443,67

PEP 451, 66

PEP 484,63,606,73

PEP 489, 10,53

PEP 492,64, 65

PEP 498,66

PEP 519,70
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PEP 526,63,73

PEP 3116,73

PEP 3155,71
Pythonic, 71
PYTHONPATH, 53

Q
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R
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READONLY, 48
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RESTRICTED, 48

S

sequence —-- 4,72
single dispatch —-- B4k, 72
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special
method, 72
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special method -- #%kF %, 72
statement —- &4, 72
string

object representation,46

T

text encoding —-- X A%, 72
text file —— SXAXH,72

triple-quoted string -- Z§| 5FH®E,72
type —- XA, 72
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repr, 46
virtual environment —- EWIHIE, 73
virtual machine —- E#AHL, 73
WRITE_RESTRICTED, 48

Zen of Python -- Python z##,73

gL ]

97



	推荐的第三方工具
	不使用第三方工具创建扩展
	使用 C 或 C++ 扩展 Python
	自定义扩展类型：教程
	定义扩展类型：已分类主题
	构建C/C++扩展
	在Windows平台编译C和C++扩展

	在更大的应用程序中嵌入 CPython 运行时
	Embedding Python in Another Application

	术语对照表
	文档说明
	Python 文档的贡献者

	历史和许可证
	该软件的历史
	获取或以其他方式使用 Python 的条款和条件
	被收录软件的许可证与鸣谢

	Copyright
	索引

