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CHAPTER 2

MERE=ATIEREIZY R

AN B X — AR AR TR 2 =07 THATIIR RO T8 C Ml C ++ 9. B FRA T XL TR,
AR BAREIE A T C 3Rk

2.1 ) C g C++ #E3t Python

WRAREH C, WIHTE) Python P BRI AR T B, PR PFEASEE A Python BLIEMAEE, nIPAIE LT extension
modules FSEH: SEEUHI N BEXT S8 8 C I FERER RS A

N TSR, Python APT (W JHARIF Aefidi 1) 5 LT —RINKE. ZAAHE, FILATI Python jZ4 7 £
L RER %o Python ) APT W] PASEIEAE—A> C JCHFHFIH "Python. b SKICPERAM .

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

filE): C ¥ 474 CPython, 3 EBIHICIATE HoAh Python Sl B TAE. fERZEUNILT, WiZiEh5 C
PR, SRR ARNE. 250001, WRARAN O T C FESCRGRM , IRV %% B ctypes BibkE
offi 2, MAZHOHE C AU, X AR AVFIRY Python Ui 1 C AU, 1l HLAIRSAEIEE AT . AR
GERIMCT

211 =N EBBBF

EFRATENE — AN R spam (Monty Python #3 22 i B3k I L)) H HARZLQIHERT LY. C PRI system ()
¥y Python 2 1 o iXABREHZ— DA null 45 A FATH S HOFR [l — B8 FATAE T ASE Python DA
Iy R A LR

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

VXA BRI B 1 RTERRIERER os BT, X LRy BT LRI 61
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B E#—A spammodule.c 3CfF. (4 L, AR —AHERM spam, WX SEHER C M
spammodule. c; AR MERS TR, Ll spammi £y, MIXAMEHE) SCAFRAT A M spammify . c.)

SCPE R IHRI A T2 -

#define PY_SSIZE_T_CLEAN
#include <Python.h>

XA Python APL (BISRAREX, ARATATEIX HLAS AL H AR HUBAUE BRI .

f#iEl: BT Python nJRES E L —LL i HE e R G5 1 ARiE Sk SCHE AL B 18 S, TRIOAE A 5 AT A A v 3k S
2z w18 * W20 * include 3XA~3C4:: Python.h.

HEFE 2 J2FE Python . h BiE X PY_SSTIZE_T_CLEAN ., AHILIU B Fi4ad A5 3k TIREAN R H 2 NE

Fr H PR ARS8 2 L H Python.h W, A RIZ Py 8 PY , R THRSEE 402 SCAEARTEE Sk S0
RT O, PAR T IHAE Python fi#REgR ) {2 WA, "Python.h" A T/ EIRMEL UM <stdio.h>,
<string.h>, <errno.h> fil <stdlib.h>. WHRJFH L SCHFEIRPI RS AR, B H B REL
malloc (), free() fl realloc() .

NI SRR C KBS B AT YR, 24 Python ik spam. system (string) HORIEM &
B (ARG 26 B E R L2 WTRaR i e) -

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);

}

ANHILERES S RNTE GUMAMmE “1s-1") #2884 C RS CRBEZ2AMAISH, i
AT self Hl args

XFLRGE BREL, self ZRHRTIRBNS R R T R GBI 15 535

args ZH e 4t 17—~ Python 1) tuple PR FEEE, KW &S, &4 wple TR — MRS, XS
Hth 442 Python XFR — ZAEFATHY C RECH O E AT T2 a0 Hoe ey C {E. Python APT H 4 e 450
PyArg_ParseTuple () SAGASHRMIFRIFAN C(H. E B FATH B E T 2 S BB K
BB AR C AR AL, A5 KF RS S LR .

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).

21.2 XFHERHFE

An important convention throughout the Python interpreter is the following: when a function fails, it should set an ex-
ception 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

6 Chapter 2. FERE=HTANRYE




Extending and Embedding Python, £[E] 3.8.0

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 sy s in the Python Library Reference). It is important to know about them to understand how
errors are passed around.

Python APT Hg ST — U R Ok S B SU AR i

i 0 Bk 2 PyErr_SetString (). H Z 2
PyExc_ZeroD1v151onError EFER T E X%, C
FREEXT QAT ST SRR
T — A MR 2 PyErr_SetFromErrno , R A RENS, REMAUSESRAZE errno

H. il K E0L 2 PyErr_SetObject ( @/‘Wi/\’%& 73 5 %?XT%%H AR RN AL
I Py_INCREF () JRH4 N A& 5] H o @zﬂﬁf’%@ﬁ%ﬁﬁlmﬁéﬂz
You can test non-destructively whether an exception has been set with PyErr_Occurred (). This returns the current

exception object, or NULL if no exception has occurred. You normally don’t need to call PyErr_Occurred () to see
whether an error occurred in a function call, since you should be able to tell from the return value.

FHEMEH C FRAH. RENR—-BRER
FATER AR R, JF e e — A Python

¥

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.

(TERLEREIL T é‘iﬁﬁ%@%?@ﬁﬁ%LLﬁﬂ% B PyErr_* () RS IR ERIH S, I HAEX L B
JETLUSCREI . LRI B, R RN, #T EFECE REHREHEE R KBRS
H TR 5 PR i I )

REUTEE Z0 W% P — > 2 DA R BO0H FR T 158 L Y S j‘%%,«ﬁ%m_uﬁﬂ% PyErr_Clear () E2xXUHIBE .
Cﬁﬁ%f‘é‘uﬁ)ﬂ PyErr_Clear () HIME—IEILEWIHR EAH \ﬁ%ﬁlﬁ%g\ﬁﬁ‘%ﬁﬁﬁ%ﬁ%émEE%%E@E
(T RE R 2 ot i, E‘i%ﬁa@ﬁ?ﬁ HAS) .

R RWM malloc () ML EY R —AF5. malloc () (@ realloc () ) MY E £ & L 21H H

PyErr_NoMemory () HRiR B REIER . Fra X508 %L (Bl PyLong_FromLong () ) E&XAM T,
FRPAXAN R AU T EEW A malloc O MEDL.

WEERERE, BRT PyArg_ParseTuple () SFEERYHISL, 1R[] B HOIR ZSAD Y R KCHE AR J2 1 ] 1 {5
TRFTRIIN, MLA -1 FoRRM, anfE Unix RGER .

WG, ARIR B — AR B R d I S R B (A A IR 2B A R AT Py_XDECREF () B
Py_DECREF () JHH)!

PEFEG| WA 70 52 & e TR B 4. T N E ) Python S5 & AR A X M Wi FE B C XF 4, fildn
PyExc_ZeroDivisionError, RWAE M HEANT. H4&, WM YHHMEFERT — FNEMH
PyExc_TypeError RF/R— A XA TLEBIT I GRKARN % H PyExc_IOError). WIRESHINEA M
i, PyArg_ParseTuple () BREUHH 25| K PyExc_TypeError. WIRARME NS EINELAAL TR E
TEEIZWEUZ%(%EE{&%#, )”JJLE_ﬁﬁH PyExc_ValueError,

VR AT AS VR R S ME— A e o 3 SR SOPF T A I — S R AR &,

static PyObject *SpamError;

HHAEARRI BRI L (PyInit_spam () FREH— DX SRR 1L

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

(continues on next page)

2.1. L) C & C++ #E 3 Python 7




Extending and Embedding Python, £([EF] 3.8.0

(R —H)

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

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

return m;

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

[ REE A2 QIR /AT T spamError (— A5 XA TR - N T B7 1Bk i, 75 0] spamError
BE Iy 2 I B 1T

—21E PyMODINIT_FUNC {EN R EGR [HI 224 ) F ¥
spam.error S Al AYEY A H b Il , @i PyErr_SetString () EREUMA, WT:

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 EFHIF
I ] BT 090, PRIV R T 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).

AN EAE UNIX R systen (), RSB SEOENIA M PyArg_ParseTuple () BULY:

8 Chapter 2. FERE=HTANRYE
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sts = system(command) ;

FAH) spam. system () RELLALRE] sts [ELEHA Python Xf4 . Xt (i K%L PyLong_FromLong ()
RS

’return PyLong_FromLong (sts);

FEXAEOLT , SRR R , (X RFG&AE Python HERLEHY) .

WRIREY C RERA A HFREME GRIEl void WIRED, WILAZR ] None . (ff] DA Py_RETUN_NONE
TR SER):

Py_INCREF (Py_None);
return Py_None;

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 BERFGERNIIGCERL

H TR spam_system () Wil Python #2 /7 . L eR$5RE B R m] LARE Python 8, FFEEE X—ATF
3¢ method table”

static PyMethodDef SpamMethods[] = {

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

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

}i
HRESE ZAS8 (METH_VARARGS ) , X MrEFEESMH A C A5, v {4 METH_VARARGS .

METH_VARARGS | METH_KEYWORDS . {H 0 fUFfdiH PyArg_ParseTuple ) RIS &= .

15 Bk fff il METH_VARARGS , MR 4k 2 % 1% Python 1% 3 tuple #% =0 19 2 ¥, I & & f# [
PyArg_ParseTuple () #47ENT.

METH_KEYWORDS {H# RIEZ L BT SE., XREN T C MEE EZ% =/ PyObject * X%, FERF
WZ%r, ffifl PyArg_ParseTupleAndKeywords () RfEHTH S%K.

AT IRR AT TE LEEH TSI -

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
i

AR L5 FRRR RS B AG AL bR R WU BB A6y %4 Py Init_name () , HH name 2
BRI T, HMi%E TR static , HARBHRSCIRHL:

PyMODINIT_FUNC
PyInit_spam(void)

(continues on next page)
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(R —H)

{

return PyModule_Create (&spammodule) ;

}

& PyMODINIT_FUNC f=H] T iR E/E R PyOobject * aR[IZRAL, R GEEREdr, PAMSS C++
AR extern "C"

When the Python program imports module spam for the first time, PyInit_spam () is called. (See below for com-
ments 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.

X i A Python B}, PyInit_spam () BRECAHHSIWA, BRIEBTE PyInport_Inittab FHE. TEMEL
W wieie 32, i PyImport_AppendInittab () , A[EMIIRE — PP SEA

int
main (int argc, char *argv([])
{
wchar_t *program = Py_DecodelLocale(argv[0], NULL);
if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1);

}

/* 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;

ffill): ZM sys.modules MHERSAAE T A CHIFBIRE] — A HERE LAY 2 RS (U6 £ork () M/
exec () ) RFE— LY R B ARG, TR AT DAYERT IR 0 N R AR G A I 45 4

B2 R TR BB & e Python YRS EIAY Modules/xxmodule. c Ho XLESCIFR] DAIAEARAGAL
A, BiEaE~] . A modulator.py 5 YEYERAS A AT M EK Windows 2236, ML T — AN B GUL, JiIok
P S R BRI &R, AT AR IS AR . B4R 1E Tools/modulator/ H 5%, £ README A
THRRE.

10 Chapter 2. RERE=FTHREEYT R
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HiE): ™MEIRAIM spam Bl T+, xxmodule il T % UrE 4744 1% (Python3.5 FFA5|IA), PyInit_spam £k
[7]—> PyModuleDef Z5#{4, SR J5 0@ AL HU R S AMLE] . 417157 2% PEP 489 1)L M BeAI a1k .

2.1.5 YmiFFOHEEE

TEVRRE B R BI BT S I8 2 B, R T ZOm (4255 - ] Python ZRGERIMIFFIEERE . WIRARGE H 2h 3 m
B, XBH TR R ERIE RGBS INENUH; 25 B S % iRy BRI =T (M COC++ ¥ &
FAY), PAKAE Windows 4R BIBIME R (£ Windows -F & %%k C Ao C++ 7 e F7) .

QAR ZhaS ik, s M ELEARUR A MERIE A Python fERERS ) —4), LAV E s ic & e, I
RS . Iz I 2TE Unix BRI, HFEEHEARI UM ( spammodule . ¢ S fl) CTERR E 48 A% &4 T
) Modules/ HZEF, BM—47%] Modules/Setup.local JHiMVRA S

’spam spammodule.o

IRETETRZ H K157 make SREFIMEMFRES . IR ATLATE Modules/ 1-H Rl make, {H2{RULISEH
H Makefile XfF, SAJqizfTmake Makefile’ fir <. (VREFIRIBEL Setup U BX R, )

UERAR AT SN R, X e A AT DAS R AEIC B SO, 285l

spam spammodule.o —-1X11

2.1.6 7£ C hifFH Python E#

4L, FofT— EIER STk Python YT C L, JCSSS R WAV, L C T Python i
. SAERR SR . WA C T R, T 4R S B L

SEIEI 2, Python AR WA (EIRIJANG, FF435HE Python BECHEAE TARHERE 1. G LA FEHEARARAT
Python fCHIE i A7, WA LB AZ% Python/pythonmain. c Hiff) —c 4. )

A1 Python B, 7% Python FLFFEE{5% Python BACN 4. IAHLHEA L (SIAEE 1) 30, Y43

RXAPRE, 4 )RR R RAT Python BN G HEr, IS ZHMA] (Py_INCREF () SRIEMT TR, B4
MamZ B WA AR BIIT:

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;

(continues on next page)
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(R —H)

}

return result;

A bR B b 20 ff ] METH_VARARGS AR yEM B MR RERS, X AEAL e 7 ik o db 1L 3 3 BT S fl iR
PyArq_ParseTuple PRI S ) SCRSFEAR B e ey A

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 femp will not be NULL in this context). More info on them in section 7|

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 arguments, pass
in NULL, or an empty tuple; to call it with one argument, pass a singleton tuple. Py_BuildValue () 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 () & [ Python Xf % #§ 4, X 4 & Python & %t ¥ & A fH.
PyObject_CallObject () & — X HS " 5] H 115000 %" W) & %L WJ?*%ﬁBﬁméﬂﬁJ@Hﬂ?%
532, FHAE PyObject_CallObiject () ZJE LB T Py_DECREF () »

PyEval_ CallObject ) WIREIELZ B 1 Eae DRENNER: EaeO AR, BN T5]
FHWZ?I Jﬂgu\ﬁ’f;éﬂ AHEEE R IRATAE %E‘ SR, VRTEERXAMEM Py_DECREF (), RIFEARXT B
1) ARIOL

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) ;

MO LA 1] R 5 14\1_95,2&1 — " BHFEF| PyEval_CallObject () . fERLHIL N SHIIFRZ
Hi Python 2P @ s, dad B 1 PR 2 I R . AR AT AR SR TR SC B AR 8. o9 Ah—SEm AR A i
— B tuple ﬂéﬁii%.?}%ﬁl i BT {A e Py_BuildvValue () pREUTE tple. BN, fREML 5
PERT G R AA:

PyObject *arglist;

arglist = Py_BuildValue (" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);

(continues on next page)
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(R —H)

Py_DECREF (arglist);
if (result == NULL)

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

ViR Py_DECREF (arglist) FRfEALSLEIA A, FEESIRKEEZ Bl JAREHE SN,
Py_Buildvalue () HJRESTEIENTFA L EE,

PRIATREER, HREFSHIIN pyObject_Call () , FEFFFESHMHFSE. A o+
H, &mﬁﬂﬂ Py_BuildValue () RiiEF 4L,

PyObject *dict;

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

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

21.7 Ry REHHSH

K PyArg_ParseTuple () HYFEHIANR:

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

SH arg e — A ICHX R, A Python 245 C sAUNSHBNEK. format SR 2 —HEXTAT
Hi, 1HIK1Z7% Python C/APL FJj} i) arg-parsing. *ﬂfJéﬁ%%{E%/\* AL, I SRR R

£ PyArg_ParseTuple () Al d5 24 Python ZHCA, AL ub s fib iy C Axgtodt, 4R
XHMHET, ﬂﬁ%%@lﬁﬁ’—*%m‘ﬁ/\?ﬁ, ANIPR

FERAT A b8 1 2 PR LY Python X5 A2 15 k951 ARLEBIEAIAS T4
— L BT

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

int ok;

int i, 3;

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, "11ls", ¢k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

2.1. L) C & C++ #E 3 Python 13
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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') */
Yy

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

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

2.1.8 A REAMHXBFER

% PyArg_ParseTupleAndKeywords () mHEHANT:

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

The arg and format parameters are identical to those of the PyArg_ParseTuple () function. The kwdict parameter
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.

f(E: B R TCATE S T SR TR AR, ANTE kwlist IR BT SHR 8 TypeError 5,

WF R KT SR B AR, 11352 Geoff Philbrick (phibrick@hks.com):

#define PY _SSIZE_T CLEAN /* Make "s#" use Py_ssize_ t rather than int. */
#include <Python.h>

(continues on next page)
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(R —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 i1s necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.
*/
{"parrot", (PyCFunction) (void (*) (void) )keywdarg_parrot, METH_VARARGS | METH_
—~KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 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) ;

2.1.9 WEERIE

XA RS PyArg_ParseTuple () RAHL, FEHAAIR:

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

R MR FAFE, 5 PyArg_ParseTuple () MlA], (HRSHLHUR AL BRI SRS (A2 R 4L,
T ) o FRZR Al —A> Python X4 iE & T3k 0] C B4 i 45 Python fUAS

—A~5 PyArg_ParseTuple () BRI, JoTH A RER M ORI Bl —AJ04 (Python ZHUH R ERTEN
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AR e, HCAN TR 45 oAt Python B EIAZ 4. Py_Buildvalue () HAEREMITH, LT
ISR A ocd], AR BA S HOUR ] None , —DSBINEHGR [PHES BRI S . AR KR H
AR e, & ICRMICd, HEAER TR P RS

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_BuildValue ("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) (1ii1)) «(ii)",

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

2.1.10 5| AVtE

FE CIC++ i H AP ST sh & 2 BRI ol fi 3t (heap) 24 AN FF. fE C L, @id % malloc () Al
free () R5EM. 1E C++ HUZHRAE new Ml delete SRELBUIMFIILIAE.

A malloc O DRI, RAHLEN free () BRI HNAE T L. MM free () BIIAL
PEREZ, MR ADNFRET free () M SENTAE, XHATFAEREPE R BIR JCRER A - XY
R AR USRI [l A7 free O T VUG, 300~ MEE-FRRUT, WFRRMH malloc () EH
XRATF S BRI X F 464, S5 T EN ARG RI%EE, core dump, FEEREER, FHALAY HATSE

WA EEAE A A AR TE— L5 AN DL ACRD A B e — DR BOR TS T INAFRAS , T 2858, SREREL
WAFBR . BIAE— S0k bR R 8 5T RS XS A A B i 2 U, AR P AR R ] T AR

SACAEIR BRI AT, el s B g A . XA At — HSIA, Gl AR I AT E ARG 2]
BEEE R O ARRERAG, T BRAR R ST AR BRI AU N AT, B RASIEU (UL R 0327 sl B 1 3t
PREUN A SRR . L, AL TR A, AU AT 2 SREms R dre/ MU ISR 32

Python jfiid malloc () Ml free () W& KR NAFEAREM, FIFEFE SO N 7F it A B 95 6. bk
MR 51 R T a. HRP LRI BRI S — TR, TR A - X R G | e
%, BTUHTHECH 0 ), FRNRECKBEAFENESCT, MR AR T .

H— AL 8 FHBEIREDk. O RGUTTB R MR SR moRm, TR X A B30 HPAX 2 ).
Bl b7 3% S O S0 AR TR IR free O o 5 —MEAURECEE S AR, SATMX I
AXE). BREGEN C, A RS AR Y E SRR w151 IO R AR AR S (R % malloc () M
free () BRFUEW Y, Xthig CARMERREY . WIFAEHE — R M I HAER B SiBIR gy, EAEL
HIBRATAE 5 TR T A,

Python i JIALGERT I HITT R BL, At TORERIEIN G, JHDAGINS | HIPERR . X (A5 I Jo /G 1H 0 B o)
BRI TSN, 5| THBIR IR — D5 . SIIRIE N G (TREEES) M5 T4, FrPA
DEER PR DXE SR T RCE AN 2 0. SRS | T RCE BTG IO 5 DHARFR Xt 5, S5 Wi R
Bl RBIA S, WA BCA TR ASNRS T 1.

DEERSAM b n] AR I SSEIRAGERH B go BRI T I RIs T 4R (collect () ¥ , M HAPATEZ
PP E A ARG . MR SR CA R 4L, BOAR &R, WA DEMEINEHH, 78 Unix 15 (B
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i Mac OS X) ffi i} ——without-cycle-gc J&M%| configure A, WIRIEFFIMEWEEA, gc bl
AR

Python shiy5| Hit#k

H W% Py_INCREF (x) il Py_DECREF ( ME%IH%W%IE’J?‘B& Py_DECREF () th&¥ES| A3
5 O FPREICN 52 ﬁTi{ﬁ AR AET%FJH% free N ip=SubupoE JOIESilbsy %m?éﬂ‘éﬁﬂéi}%ﬂ%o AT
XASE ) @ HABR), B RS — A8 E %%ﬂxﬁ%@f‘éﬁ

KA FEUKIH . o ] Py_INCREF (x) fl Py_DECREF (x) 7 FRATEETIA—LME. WA N HE”
— X5, RA] U\J}fﬂ%"—/\ﬂ)ﬂéﬂ~/\ﬂ% ~/\5<1‘%m§|mwﬁﬁzmx%ﬁiﬁélmmﬁi 5 HNIEE
HTALH Py_DECREF () , TE5IHAFTRER . 5IHHA XA EIE. B =FpERA & 15|
i te . fFEiE. R Py_DECREF<> o it E A WSS S BN .

ERTDAAE R — XG5 M . (SIS UHR %R py_DECREF () . &I WARERA GERA WSt
POAT A ) o AEHHA A B G S (A T 5 | A U, 58 A e

AR T 5 R OL AR AR e T OB AR AR EACRD YT T, BB UL, o i AR TC 5 1H 0 A S 1 DX
W A R Bl e — SRR IER AU LS FTRESTEI A H AL B S XA

AT A RA S, R Py _INCREF () o EASPMC LA IAF RS X m a)d—A 5
AT, 4T e era & 5HUE (%‘)fﬂ’]%ﬁ%%é) TR ES I, S BIIA IR -

HEAN

B ARG F LI — ROy, R D %R E A R AR R BT .

K2 BORBGR I — X285 #% SIRAWAEXR. B, A ETRNEE, Fa
PyLong_FromLong () l Py_Buildvalue () , &f&#IA X RALWE. IEEXNEAZEHIEHT,
44\{)372§HW\%%X¢%E@%E%IFHO — A5 2 PyLong_FromLong(> Yo T —ARATEEAT, FEATLAR
EV A7 H B35 H .

REFH DAL EBT LW EE, Wy ] KR, FlA PyObject_GetAttrString() . iX
BN G, — LA KE A8 B2 F 4B PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () FEIRFEMICLAL. 7. FHMBEHMWEIH.

PRE PyImport_AddModule () & REMEHMIGIH, WA T RES R AN A XIS XA BE R A — A4
A5 xR RAFELE sys .modules B,

YRGB — X R B 7 — AR B, T RECE S A . SRR, Wi Py_INCREF () 3k
ARSI XA MNP EZRYBISL: PyTuple_SetItem() Ml PyList_SetItem() . iX4k
g%ﬂi%@@%%%lﬂ%?é%, WEm2s k! (R PyDict_SetItem() &ﬁlﬁl%ﬁ%#ﬁ%%lﬂ%a‘é%, A
= IEFI).

24—~ C pR %k Python W HIBY, SN RS EUE I . MAEAE NS5 1, B Hr5]
P A=A R AT DAPRIE S eREIR (] . HEU A8 A5 | 7R ZAEREUL B, i A A v R, i
F Py_INCREF () .

Python P& Ji] A C eREGR [R5 | I 204 195 | 1 —H1 & RPN s B i 45 8 3

fERSaYE K
AOEER T, ARG HAERRICE, HAR SR, Xl R R R, FF TR TR
TG E AL EX AT

2ARE ST ARSI WAL URAETI KL
SRR HITECE A VBT, ST ST DAL C SRR R, A T AR A 5 T A«
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e SRR DU M Py_DECREF () B|—PIERXR, WX MXIREIGUH M H—15R1 T
Ro B

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

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

ARBTG5 1ist (0], a8 1ist (1] AE 0, BIGFTEMERAMEIH. AEELER
e, HEIRR.

FATREEHRIEA PyList_SetItem() . FIEIMAETIH THIGR G, oA G 1 o), st
DAL B IFR A G 1. PR IFOR A LB 12 P RIS, FRBOXANRE N T __del () ik,
TR XA LB AT ECE 1, IR ESEESTET __del () ik,

WSR2 Python By, __del_ () HFERPAPATIERE Python 15, 27 AIHELE bug () B item JE1EG|HIE,
M. RIS FAEHE] bug () &8 __del () FYETVTR, AT APAT—MEAPRSEEL del 1ist[0]
RIS RGN R5IH, B BN, WS item TTRUL.

FRRTTIE, MARARE T SRR, A S 1 IR G TR IR AR Y eR AR A

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

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

KRN ELWEE . — D IHBRAR) Python £15 71X 4> bug [AS R, 1ii—28 \FE3E T K &R EIAE C 7l b
EFW A4 __del () HESEM.

A ()R 55 AP oL A T B 5 B R R AR AS Rl . 18, Python fRRREE HEL AN R AR T W R A T A %
7, WNAANERSRE Python BAXT S 23 0], (HA] A %2 Py_BEGIN_ALLOW_THREADS IlFHHIREIL
XA, FEHREUEH Py _END_ALLOW_THREADS . i3Xill 7 Bl 67 fH %€ 1/O R FH b, (A5 HAth R AR ] DAYE %%
F5 VO HAME) (6 AL BRER . SAR, R BRALS IR Z HIARANA —FRAY A A :

void

bug (PyObject *list)

{
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! */

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
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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.

21.11 £ C++ h R EY R

AT DATE C+ g S JAsise, FURAT BEpR] . 40 2R A% 7 (Python fRERR) 26 C Gk ae o g iAo 4%
Y, R SR S AR A BB o AR Ct Sk e R BER AT XA L. R &2 9 Python
AR SRV GRS SR B BRI I AL BR B WS BN extern "C" . TIETRAE extern "C" {...} HuH
Python SKSCPENIA IR AL, PEAUNIRE L THFS __cplusplus MEZGEX AR T (A B C++
G 2 E XA

2.1.12 44¥ RIERIZ{ C API

REY TEATHAR AL T8 s AR S UL Python [, (A I AR BL AR ACAD th n] AREHAtL 9 FREASLBR il 1]
Blan, — R R] PASE I — > collection” F e R J& A T Y . 42 Python 51| RKHL, 4 C
APL SAVFY A HOR QM ZAES 513, XAHHYAR G IR DA — i C e U T4 At ™ RS L G

TR ARG R AFEEERE Cof Al static), FefaAm33Cr:, AR CAPTISCR . Lbx
AR I RS J i S R £ Python ARSI (U2 W] AR TARMY . RIS AIE SR gefiemy, — M
B A5 E SO — AR AT UL . AT UL O T4 E R S8, — L8 RGN Python I REAR 0 1] 42 R iy
#25[8) (F4n Windows), A LEMFEEERE I 52— ™R E S AL S IR (617 AIX), siEdeftn] it
AN TR S (A Unix Z851). BIERAT S 24 Rml WA, VREEE BB nT BE v A 2K

RS T B RENS AT Al WL E MU R . X RE Y R LA T A5 #R Y il static , BRT
BRI IR R, Al S 5 HA Y AR 1 i 42 vh o8 (FEBE ALk 7 5 R A s 1L A FRhig) o X RIIR
HFAF T NI oL IR AL HA 5 H 7 AOR B AR 517

Python {7 — ARl BLHR i C 5115 B (54, A— 9 RIBER S 55—~ Capsules. —> Capsule
&> Python ##a2K2, ZPRAF464F (void *). Capsule HfEMHEH C APLREIAAI A, {HA] DA AL
Python X R—HEf &, lH, AT LASRE — Y B Ay & S\ 4 7 o HoAh g R AT AT A
B, SRPOX A TIIE, S5 Capsule ZREUEE

Capsule [ VA Z #0705 U i C APL 439 Jtitk . 4R %T A H ©#Y Capsule, 83 BT C APL %A DA
FERETE— R L, B T A 45 Capsule., AFHAIPRIURE AT A ZF005 2, BE% FoomAsis il ] o

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 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.

MR A KU TR0, XS PHEAR L, R XK IBFAAE TR 2 IS .
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WHKYL, Capsule i T555 C API, HA 7 WAXEERUIH ML :

modulename.attributename

EFIRK %L PyCapsule_Import () AILAJT BRI AL Capsule #2841 C API, {UfE Capsule {44 F-VLRALHT .
XAMT R C AP P fit Tmﬁﬁ@ﬁﬁ%‘fﬁ%%ﬁ/\ﬁﬁﬁﬂ@ C APIL,

W7 R AR SRSl S U E R B D3R, & TR R R AT C AP 541
Bi7 B ) 1 void fRFH IR R, HOEH(EAS Capsule. X W IGREHK SCPFR L T R4 B S AR
BRAMIZRHL C APL458t; &) i U5 e C AP A X A2 B ml

SHMBEYUE M A spam B, REH—A £ 6] T BIE. B spam.system () NEHIZWA C ERE
system() , (H— ¥ PySpam_System () & MTFIHM, MR & HE L8 (U7 N spam” F|4&EA4~
fi4). HE PySpam_System () W25 H 45 HALY AL,

PR%L PySpam_System () 244l C 4L, A static @it H AN AR

static int
PySpam_System (const char *command)
{

return system(command) ;

}

PR spam_system () RGN 7 R Bk

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);

}

FERBEHIT Sk, FE AT )G

#include <Python.h>

Gy

#define SPAM_MODULE
#include "spammodule.h"

#define AT HACK T EMLGH FHABL, MARE I, &2, SHAIHIIHL R BN 73T
WG4k C API 3541 %4

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)

(continues on next page)
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FEH LR

return NULL;

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

/* Create a Capsule containing the API pointer array's address */
c_api_object = PyCapsule_New((void *)PySpam_API, "spam._ C_API", NULL);

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

return m;

R PySpam_API FH N static ; MWAMEHELSHE PyInit_spam () 45 ETHK!
Sk spammodule . h B —HETAE, HERUT IR

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam_API_pointers 1

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

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

/* Return -1 on error, 0 on success.
* PyCapsule_Import will set an exception if there's an error.
*/

static int

import_spam(void)

{

(continues on next page)
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HEH L5
PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);
return (PySpam_ API != NULL) 2 0 : —-1;
}
#endif

#ifdef __cplusplus
i
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B i 5 R A0 50 AE ) 46 A BR R HE i W U A B R import_spam () (BCH AR R) A BE T 1) R KL
PySpam_System() »

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

EXPITEM LG, S spammodule . h i TRk, MK, XHFAEPH I RREL, EALH AL,
PR AR G 22—

i s B PR A2 Capsule $2:3t THISMYTIEE, M TAFM#7E Capsule B4 WAF P ICAREIL . A7 5%
Python/C API Z:3% F I} 35T capsules i1 Capsule 528 (£F Python % & 474014 Include/pycapsule.h
Hl Objects/pycapsule.c).

F#
2.2 HEXY REE: HiE

Python 45 C 4" JEAHE i) PAM Python fURS H#EANAEI R, SXARMRINER) str Ml 1ist R, Jif
YR AHCE N — R, HRAECTHAZ AT, BFE T4y X0 SR XA AN A

2.2.1 Eiif

CPython JEAFHI 7 Python X % HEBL% %2 pyobiect* 7k, HIFT Python 4 % f9" JERJ 0",
PyObject SIS0 6 1 A4 Hyreference count RRPRIY KAIREGE. JTIREGe 2 ARE 3575 92 1
2 (C) Bk, PUI~MIRHERT A%, kI o0 S RIS S C BB 2k
BT

B0, AR SR R, RN %

BN LA 01 TR, L — R MU 5SSO, 5 3T IS Cust on #E C RS

custom H,
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fi(E): % HR R VIR E L static §RRTUWAE G k. TDAIE A RE ik . C APT LA DAE SCAEHE |
STCRYYERAY, i PyType_FromSpec () BR%L, HATEAATTHEIE.

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

PyMODINIT_FUNC
PyInit_custom(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;

TR T PR, X2 TR bR b XA SE ST =
1. Custom ZEHIXT4 object 15 71 CustomObject 454y, X2 M| Custom SEFAEE—IK .

2. Customtype 4778 XJ& CustomType G, HE LT AR R MR BEEST, S freds i
RIGHAE

3. #hEAk custom L PyInit_custom ERECHIXTN ) custommodule ZEHy{A .
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ZERR B2

typedef struct {
PyObject_HEAD
} CustomObject;

XA HE XL E ). PyObject HEAD &5l il BR WMIHE B AN &5/ R 2 1T, H DASE X
—ANRAH PyObject MBI ob_base , W& T MEEHE M RBS LA — A5 8 GXnT DA 22
Py_REFCNT fl Py_TYPE RIX4M) . HZRMG, MFHINZEB] DA R 2

ffiE): ALK PyObject _HEAD JEHA T . BAMNRINGS & 58U b S

MR, XGR T HE PyObject HEAD fEEEAN, A EIMNEE: Ban, a0F & LT FrifEf) Python 37 M4

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

B AL F AR B E S

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

flE: MR L CO9 KARIRILAIL, LA BTA 1) PyTypeObject FBr, HPREZRIRATFERX
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£ object . h FSLPRiE XY PyTypeObject BA M EE SCHEZM 7B, BRI TEBAH CHIFRMNE
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A ekt —ma, BR—I7FE:

’ PyVarObject_HEAD_INIT (NULL, 0)
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’.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:

>>> "" + 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 cust om and the type is Cust om, so we set the type name to custom. Custom. Using the
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real dotted import path is important to make your type compatible with the pydoc and pickle modules.

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

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.

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

We set the class flags to Py_ TPFLAGS_DEFAULT.

.tp_flags = Py_TPFLAGS_DEFAULT,

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

We provide a doc string for the type in tp_doc.

’.tp_doc = "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 Cust om 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:
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from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=[Extension ("custom", ["custom.c"])])

in a file called setup . py; then typing

$ python setup.py build

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

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.

#iE): While this documentation showcases the standard distutils module for building C extensions, it is recom-
mended in real-world use cases to use the newer and better-maintained setuptools 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.

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;

(continues on next page)
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}
self->last = PyUnicode_FromString("");
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, "[00i", kwlist,
sfirst, &last,
&self->number))
return -1;

if (first) H{
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 0O;

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;

(continues on next page)
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}

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

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:
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#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 t p_ 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.

#i[El:  The explicit cast to destructor above is needed because we defined Custom_dealloc to take a
CustomObject * argument, but the tp_dealloc function pointer expects to receive a PyObject * argument.
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 implemen-
tation:

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) {

(continues on next page)
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Py_DECREF (self);
return NULL;
}
self->number = 0;
3
return (PyObject *) self;

and install it in the tp_new member:

.tp_new = Custom_new,

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

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

#ilE): 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.

#§F): 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.

#E): If you are creating a co-operative t p_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.)

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;

(continues on next page)

30 Chapter 2. RERE=FTHREEYT R




Extending and Embedding Python, £[E] 3.8.0

(R —H)

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 0O;

by filling the tp_init slot.

.tp_init = (initproc) Custom_init,

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

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

We want to expose our instance variables as attributes. There are a number of ways to do that. The simplest way is to
define member definitions:

static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},

(continues on next page)

! 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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{"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! JZ, /1 5 72
section below for details.

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

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

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

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

The method is implemented as a C function that takes a Custom (or Custom 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("");

(continues on next page)
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if (self->first == NULL) {

Py_DECREF (self);

return NULL;

}

self->last =

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

return NULL;

}
self->number = 0;
}

return (PyObject *) self;

static int
Custom_init (CustomObject *self,

{

"custom number"},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self,

{
PyObject *tmp;

PyUnicode_FromString ("");

PyObject *args,

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

PyObject *kwds)

void *closure)

PyObject *value, wvoid *closure)

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

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;
}
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);

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

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom3.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,
.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)

{

(continues on next page)
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Py_INCREF (self->first);
return self->first;

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

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 Cust om 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 SetDef 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
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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) A
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;

}

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

}

return 0;

With these changes, we can assure that the first and 1ast members are never NULL so we can remove checks for
NULL values in almost all cases. This means that most of the Py_ XDECREF () calls can be converted to Py_DECREF ()
calls. The only place we can’t change these calls is in the t p_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, Custom objects can participate in cycles:

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.

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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>>> 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;

} CustomObiject;

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

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 0;

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) {

(continues on next page)
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Py_DECREF (self);
return NULL;

}
self->number = 0;
3
return (PyObject *) self;

static int
Custom_init (CustomObject *self,
{

PyObject *args,

"custom number"},
{NULL} /* Sentinel */

bi
static PyObject *

Custom_getfirst (CustomObject *self,
{

void *closure)

Py_INCREF (self->first);
return self->first;

static int
Custom_setfirst (CustomObject *self,

{

PyObject *value,

if (value == NULL) {
PyErr_SetString (PyExc_TypeError,
return -1;

}

if (!PyUnicode_Check (value)) {

PyErr_SetString (PyExc_TypeError,

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) H{
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
}
return 0;
3
static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,

"Cannot delete the first attribute");

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

void *closure)

(continues on next page)
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return -1;
3
Py_INCREF (value);
Py_CLEAR(self->first);
self->first = value;
return 0O;

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 = value;
return 0;

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, O)
.tp_name = "customé4.Custom",

(continues on next page)
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.tp_doc = "Custom objects",
.tp_basicsize
.tp_itemsize =

0,

sizeof (CustomObject),

Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

Custom_dealloc,

Custom_traverse,

.tp_flags = Py_TPFLAGS_DEFAULT |
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor)
.tp_traverse = (traverseproc)
.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 = "customd",
.m_doc =
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom4 (void)
{

PyObject *m;

{

"Example module that creates an extension type.",

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

m = PyModule_Create (&custommodule) ;

if (m == NULL)

return NULL;

Py_INCREF (&CustomType) ;

if (PyModule_AddObiject (m,
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

}

return m;

"Custom",

(PyObject *) &CustomType) < 0) |

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

static int

Custom_traverse (CustomObject *self,

{

int vret;

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

vret visit (self->1last,
if (vret 0)
return vret;

| =

visitproc visit, void *arg)

arqg);

argqg);

(continues on next page)
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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 minimize
the amount of boilerplate in Custom_traverse:

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

Py_VISIT (self->first);

Py_VISIT(self->last);

return 0O;

#E): Thetp_traverse implementation must name its arguments exactly visit and arg in order touse 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 0;

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

#iE): 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)

(continues on next page)
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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 Py TypeObject
structures between extension modules.

In this example we will create a SubLi st type that inherits from the built-in 11 st 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;

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

self->statet++;

return PyLong_FromLong (self->state);

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

bi

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)

(continues on next page)
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if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;

self->state = 0;

return 0O;

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "sublist.SubList",

.tp_doc = "SubList objects",

.tp_basicsize = sizeof (SubListObject),

.tp_itemsize = 0,

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

.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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;

As you can see, the source code closely resembles the Custom 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.
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When a Python object is a SubList instance, its PyObject * pointer can be safely cast to 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 0O;

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

This pattern is important when writing a type with custom tp_new and tp_dealloc members. The t p_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.

E
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typedef struct _typeobject {

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_ offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

(continues on next page)
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struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;

} PyTypeObiject;
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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);

#§[E]l: 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.

M Python 3.4 FFify, EFAREAE tp_dealloc MEAMALEM, W2 M tp_finalize A,
%
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2.3.2 WRET
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reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALHRREF BAZIR Ml —NFAFERN R, Hh &R e LA ERRIEA . i — M E R 1

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

WEREAHRE to_repr ALHARSY, RESHRHRME— I to_name MFRIRIEA DA SIS LRI ME—F1R

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

N E AR B

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;

VA V4

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

If accessing attributes of an object is always a simple operation (this will be explained shortly), there are generic imple-
mentations which can be used to provide the PyObject* version of the attribute management functions. The actual
need for type-specific attribute handlers almost completely disappeared starting with Python 2.2, though there are many
examples which have not been updated to use some of the new generic mechanism that is available.
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Most extension types only use simple attributes. So, what makes the attributes simple? There are only a couple of
conditions that must be met:

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

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

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

A object:: AU = A7 B

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

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

typedef struct PyMethodDef {

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

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

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

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

For each entry in the table, a descriptor will be constructed and added to the type which will be able to extract a value
from the instance structure. The type 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 £1ags field is used
to store flags which control how the attribute can be accessed.

PR PR & 58 X AE:Aile: * structmember.h ’; ‘B4 10T PA{# ] bitwise-OR 2H & .
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HE =X
READONLY WA 5

READ_RESTRICTED Not readable in restricted mode.
WRITE_RESTRICTED | Not writable in restricted mode.
RESTRICTED T RE F A, B,

An interesting advantage of using the t p_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 using its __doc___ attribute.

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

Type-specific Attribute Management

For simplicity, only the char* version will be demonstrated here; the type of the name parameter is the only difference
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, youll 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 handler is called when the ___setattr_ () or _ delattr__ () method of a class instance
would be called. When an attribute should be deleted, the third parameter will be NULL. Here is an example that simply
raises an exception; if this were really all you wanted, the t p_setattr handler should be set to NULL.

static int
newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)
{

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

return -1;

2.3.4 Object Comparison

richcmpfunc tp_richcompare;
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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_Not Implemented 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
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 documented
in abstract.

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

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

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 Object s directory of the Python source distribution.
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hashfunc tp_hash;

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

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{

Py_hash_t result;

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

return result;

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

ternaryfunc tp_call;

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

This function takes three arguments:

1. self is the instance of the data type which is the subject of the call. If the call is obj1 ("hello'), then self is
objl.

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

3. kwds is a dictionary of keyword arguments that were passed. If this is non-NULL and you support keyword argu-
ments, 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;

}

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

return result;

o\

o\
9]

arg3: [%s]\n",
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/* 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 t p__it er 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. An iterator’s tp_iter handler should
return a new reference to the iterator. Its tp_iternext handler should return a new reference to the next object in
the iteration, if there is one. If the iteration has reached the end, t p_iternext may return NULL without setting an
exception, or it may set StopIteration in addition to returning NULL; avoiding the exception can yield slightly better
performance. If an actual error occurs, tp_iternext should always set an exception and return NULL.

2.3.6 Weak Reference Support

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

hs%:
Documentation for the weakref module.
For an object to be weakly referencable, the extension type must do two things:

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

2. Setthe tp_weaklistoffset type member to the offset of the aforementioned field in the C object structure,
so that the interpreter knows how to access and modify that field.

Concretely, here is how a trivial object structure would be augmented with the required field:

typedef struct {

PyObject_HEAD

PyObject *weakreflist; /* List of weak references */
} 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:
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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);

23.7 ESEI

In order to learn how to implement any specific method for your new data type, get the CPython source code.
Go to the Objects directory, then search the C source files for tp_ plus the function you want (for example,
tp_richcompare). You will find examples of the function you want to implement.

When you need to verify that an object is a concrete instance of the type you are implementing, use the
PyObject_TypeCheck () function. A sample of its use might be something like the following:

if (!PyObject_TypeCheck (some_object, &MyType)) |
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;

}

hz%:
"F#k CPython JFfCISRAS.  https://www.python.org/downloads/source/
GitHub |-J% CPython JR{CiZIY) CPython JiiH .  https:/github.com/python/cpython

24 W CIC++ ¥ B

—~ CPython [{] C " @2 — =% (Bilfn—> Linux FfY .so , 3 Windows [ .pyd), H&E&FH—4
FAR R A

KT AR, EEELGE PYTHONPATH HOf 28, HAM i r 44 SR E 7, Wi id 4 my . 24468 H
distutils [, 2 H 34 SOER I S04 .

WIHRA SR P BT -

PyObject* PyInit_modulename (void)

PR ER [B] SE B IR A i AR, B> PyModuleDef 5Efil. #F initializing-modules T i B2 41177 .

XTFANAE ASCI 4is g Bibe 42, BREULATE PyInit_<modulename> , }f <modulename> il A
145 5. 24 # il multi-phase-initialization F}, iR il 3E ASCIT 4 i (A5 24 . BUISH) 46 Ak R 55017 44 5 42
PyInitU_<modulename> , |fij <modulename> FFH Python Y punycode 4t , ETS TR N FRIL.
7r Python Hi:

def initfunc_name (name) :

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

return b'PyInit' + suffix
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A LATE— DB RL S I 2 MR, il il LB AR AL T AT ZAT S el i S AR,
DA R I AR T SO BB S B #R 7 —A B 2oy § 88k BT, AE PEP 489 [ E 241
RE

2.4.1 {#H distutils 33 C #1 C++ ' &

PR ] DA distutils A5 7, X J& Python H 7R, distutils 937 #5608 kG, P LB HiFEssm
distutils G RELEEY R,

—~ distutils W T —MNIKEHHA setup. py o K& 4L Python UM, REBRHMEAR 8, FHEARUT:

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])

WS setup.py , MM demo.c, i&fTHITH

python setup.py build

XL GiFE demo. ¢, ARIEFAE— Y REHIUM demo #EH 5% build B, {KBIT RS, B SCHFSTER
AMTHZFEEM build/lib. system , 4FA]fER demo. so B demo.pyd

TS setup.py B, IrAIMERA D@ setup K. ZRET A TR B XA 240, _Bmm
FIFREH T AT FrRlfEEdEns e TWEENITER, AEREE TENE. iE - Mat
FEZ AL, W% Python [FYRRGELEL . SCRY . % . 5S4 distutils [193C8Y, FE distutils-index & T i 8 £
distutils PRRME; ASEETT HUARRER B R4y .

HHF RS setup (), MEELFALEHACIKSI A . A anin_ b Gl K%L setup () ) ext_modules
SR, 42— Extension REYSLl. BT ESEHIE L T Y RGN demo , M E—
PEAD S 7 demo . c

HLmE, W RAERNL , FHEAIMYIALBE e SCRIPE . 417 ) 1R T X 2t

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '1'"),
("MINOR_VERSION', '0')1,
['"/usr/local/include'],

include_dirs

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.

(continues on next page)
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(R —H)

ext_modules = [modulel])

Bl A setup () FERHRBIMER TIOE R, BIEFERGOMENYNE. N TXN R, HEET
TULPEAS & X, include H3%, FEHE, . MBT9i1%a%, distutils 782> F HA Oy A48 (5 B A i . Bl
7E Unix |, 254200 F gmifmn s

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

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

SATARRA T RR H Y distutils f] P % AH(E distutils G 1F A .

2.4.2 HHIREY RIRIR

B C AR A ﬁzﬁﬁﬁ%@m*o
B A Pl AR R, W DA

’python setup.py install

BREHAESP e WO ;. BBl AIs T T

’python setup.py sdist

FEAENR, FREAEVRMS KA AL S AN SCE; Xl MANTFEST . in SCHFSEHE, #57% manifest T f#4H
s

TR IES B AT ORI A, difpgf nl A2 bR R AT . BTG, AR di—Aal A
FH R 5E AT 55

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

2.5 7 Windows FE&%iZ 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++.

#iE): 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.

58 Chapter 2. RERE=FTHREEYT R



Extending and Embedding Python, £[E] 3.8.0

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 2 .d11 will also build 2. 1ib. You do pass A. 1ib to the linker for B
and C. A. 11ib does not contain code; it just contains information which will be used at runtime to access A’s code.

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 . 11ib 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
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The first command created three files: spam.obj, spam.dll and spam.lib. Spam.dll 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), as in 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 exe-
cutable. To get rid of them, use the Project Settings dialog, Link tab, to specify ignore default libraries. Add the correct
msvcrtxx.lib to the list of libraries.
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3.1 EHE App [[J#gr A Python

The previous chapters discussed how to extend Python, that is, how to extend the functionality of Python by attaching a
library of C functions to it. It is also possible to do it the other way around: enrich your C/C++ application by embedding
Python in it. Embedding provides your application with the ability to implement some of the functionality of your appli-
cation 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 (), or you can 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.

hz%:

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.
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3.1.1 Very High Level Embedding

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

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

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

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

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

if (Py_FinalizeEx () < 0) {

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

The Py_SetProgramName () function should be called before Py_TInitialize () toinform 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 ex-
changing 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.
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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.

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([1]);
/* Error checking of pName left out */

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFunc 1is 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 (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {

(continues on next page)

3.1. #£HTE App [Fi#z A\ Python 63




Extending and Embedding Python, £([EF] 3.8.0

(R —H)

printf ("Result of call: %1d\n", PyLong_AsLong(pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;

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

return 0;

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

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

c =20
for i in range (0, a):
c=c+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.
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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.

3.1.4 Extending Embedded Python

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

static int numargs=0;

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

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

bi

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

bi

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

Insert the above code just above the main () function. Also, insert the following two statements before the call to
Py_Initialize():
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numargs = argc;
PyImport_AppendInittab ("emb", &PyInit_emb);

These two lines initialize the numargs variable, and make the emb . numargs () function accessible to the embedded
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
interpreter into your application, particularly because Python needs to load library modules implemented as C dynamic
extensions (. so files) linked against it.

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

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

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

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

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

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

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

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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interactive — 22 7. Python i 7 — S H A EREAS . RIR AT DATEARRE 8R4 /1347 Jo i ATE R IRk, S2ETA
RN . AR AITSHMRS) python 4 (AT ATEVRITT S ALIT 463 B rp g R A 1 3 5
) o AEMCH AR BG S R AT A I X A AR AER T (RHCAE help (x) ).

interpreted — f# B! Python — 2 AMEREALE T, SRR M IFEANET , BIARWE B DO i T 77 5 4
PR BIAEAE I A IR o X R PR SO T DA L AT AN A6 S X B T AT SO s AT R
BT T R R H g IR A AT AR UR ), R HAR PRI R . & Winteractive,

interpreter shutdown — fi BEZS ] 24 2R SCHAIINT, Python fRRERSRFUE A —NEFIRBATHY B 22 RO
AEECTE, PIABTHRAN & Fh N A SE . BRI DI o Xl A e S
e B 55 5 | [l 8 R AR S0AT o FE R PR B AT (R AR Wl E B A b S, RO LB s ) 9 U5
EAFARC (F L0 1A R s L 4% ) -

FEREAS R SR I R A __main_ AEBREERIE T IA C 58 kAT -

iterable — N[ EARRT S GEAS A — ik o] Ho B I %5 . A R A BT 4E B A 2B (BN 1ist.
str fl tuple) DAMIESIEFFIRBIGIAN dict, AT 2 DARENT __iter_ () HEHELH
T Sequence 1 XY __getitem () HYEAMEE HE XEXT4,

AERXTZT T for TRFRA S Z HA TR Z— NP A (zip () map () ...)o B—AA[EA
MENERNSEAEENERE iter () B, ELREZGERMERE . XFE AR T AMEE AR —
W o AR AT R, REEATFERA iter () B HOAHERETSR . for iBMEN
PR S AL BEAR AR, B — NG P A iy 24 748 B R AEDR R R R A B AR . & Witerator, sequence
PA M generator,

iterator — RV JORFTR— S BRI 5. TP IEAASN __next__ () Jrik (SRR AR NER
Bnext ()) FFBARENEHHII UEA LT HINKFT| % stopIteration . FIXMEL
GG IR E AR, R __next_ () TTIARSPHRG| K stopIteration . 54U
WAA __iter_ () JIAMPRREIZENGR G H &, NIEACah 0@ @ n A5, gl
THABT RN GIE M RIS . — D RFERPIINE AR Z R EZ 5 AR S, 2
g (Bl List) FEARERIMIMEA iter O REECRTE for (AR E— SR
o WSRAEBEITOU T AR B A Sk e 2 A AU AR P R R I A — IR U X &R, R R
KB — A e

WZAE B EF typeiter,

key function - ft % H pR BCPR BRI R KL, 2 BEAS IR [0l ) T HEFY BRHEOLAOER TR IR 5L B0, locale.
strxfrm () AT T ERE KA HE Y 29 %€ 1 HE i -

Python " A ¥ 2 T HL# F0 14 F B o J0OK 428 i S R B HE G2 2070 4107 200 Ho 84 min O, max (),

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

AN NMERECE 2R . B, str.lower () H¥ETTAMMEZME K/ NSHEF SR L. T 4b,
BRI lambda F£iAAORAIEE, FlA0 lambda r: (r[0], r[2]). ifF operator ki
LT =R E SRS . attrgetter (), itemgetter () Ml methodcaller (). iE&E WTHIT
— DASRIECA i A ] B e R s 191

keyword argument — 32t B8 S Wargument ,

lambda t—A>Ehexpression #a ) BE 4L N ICER AR, RIBASAEW IR, A lambda R )35
lambda [parameters]: expression

LBYL “Je#rF JGBEER” M9 CHiE . XA g 5 XS S AEIEAT IR I B 2w e s A e 45 4. it
WA 5 EAFP J7 G O e, R R R A 4 £ 1)
L LG, LBYL laRE “&F” M “BRR” Z R EAFMER ). flan, AR if
key in mapping: return mappinglkey] A REH TTEREERAEZ )5 HAMLREIN mapping FF5 5k
T key T Y o 33X i T SE B EAFP 5 =R g o

list — 5|4 Python & —Fhsequence. HIRAH)FR, (HHELIT HAE S h 0B m s R 3%, B
I TCER WIS [R] S I EE R O(1)

list comprehension — FI i G AL B — A7 91 vh i) Bir A B0 43 o0 3R 9 0R [ 45 R A R 1) — R BB T k.
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] ¥R —1O0
B 255 JEE AP oS FERREOS W AR (0x) SR b if AR AR, a0 R A mg
range (256) HFHFTATTRA WAL

loader — J#REY TTTIMEABIART S . BHE X4 K load_module () B ¥E. MEEHE R H—Afinder
R, S0 PEP 302, X}Tabstract base class ] Z: I, importlib.abc.Loader,

magic method — JEEAR J5#: special method BRI 2[R A .

mapping — W} —Fp SCRHE BB ARSI T Mapping 8 MutableMapping MG T HLE L2
25, W2 H T mFE dict, collections.defaultdict, collections.OrderedDict
PAM collections.Counter,

meta path finder — JLIE LIRSS sys.meta_path WIERATIR B finder, TUIEARTEF 1% Spath entry finders
FHE FBABF A AHA] o

1 E&F importlib.abc.MetaPathFinder | fRICHRAE AT LI 7% .

metaclass — 08 —FPHTAIERDIE. HE LA EL . BERMAMELNR, CRNTTHEZ A= 1NSH
FHOEF NI . RE M H X R GRS T PSRN BRIASEEL. Python F4: 512 AL FE T 7] RAGY
BEETE., KA PKIEAFTEXA TR, (HYFTEH BT, JoIEnT SEALR A oA g vy
Z. ENCgATICRENEDI HE ., BB RET S8 SEI e, DARHAMIFZE5 .
T 213152 I, metaclasses.

method - J5 7% FEFRNTRE LHYREL. WERVEIZEB LRI — N EHREAM . R R B AE N
HEE—A~argument GRE 44 M self). 5 function Flinested scope.

method resolution order — Jj iEfRBTIIE 5 Y2 RT3 55t /e 7 2 4% 800 B8 R AR AL 2R r i e Ja Wy« i
2rF Python 2.3 J7 VMY T HEE 2.3 BGE Python AT #8 T FAH ¢ B A TR, -

module — Bt X5 2 Python (U —FhLH LR, ASAHL A ML 1 fir44 25 (8], A4S E & Python Xf
2 R E i importing $EVERE N % 2] Python H .

5 Wpackage.

module spec — BEHBLES — > 44 S, KA A H TSR XS ARG R, & importlib.
machinery.ModuleSpec LB,

MRO % Lmethod resolution order
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mutable — W2 F[AFXF RO DAYEH: 1d () PRFFEE G OL R A HEUE . 75352 Wimmutable ,

named tuple - HLZc4l ARiE “HA 0 v FAEMK H oA, HFHEPWe RS cRL N4 TE
PRI IR A RA B . ARG 2R Bl SR ] BB A oA A
HENELRPNETHAITH, B time. localtime () fll os.stat () WREIE. 51— 012

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

AL B T e B (BN BT B 1)« BeAh, B e ALim i w8 IS UM tuple QR 3
ARRF BT AR B . XA AT T 45, S M T K% collections.namedtuple ()
Q. JE—Fh0r G LU —L T T4 5 N BB AL ST FrSe I T ik .

namespace — iy #4243 [ 44 AR AEUE R T . A B RA T, SRR ER, LA E P iRE R
HAE] (VA2 N) o finss a3 (R LB 1E fy 24 0 28k SRt . N, pR%i builtins. Open'ﬁ
os.open () A E A H F a4 23R DKo A A (B 2k BRI 455 0 S A R 50k 5 B
ﬂii‘fé%ﬂ"ffﬁ?ﬂé 4N, random.seed() B itertools.islice ( LﬁF‘ﬁﬂiﬁﬂﬁﬁTLM@%{m
i random 5 itertools A4 BISZHLT .

namespace package — @ %2 [W{4 PEP 420 fr5| Ap—F U8 IE TR A g ifipackage, fiv44 2SR EL AT A
AEEFRY), HAliidJr s\ Gregular package N[, BFEAEAIEA _init__.py .

FH [ £ Wmodule,

nested scope — itk £ 1M 75— KJEE T HASRRIGE S, B0, 7559 —RE MiE AR ET AS |
BB AR B . T IR EE A ERIA RS | A SO xR TRk SR A B B S RS2 BR T e 9 )2 1
. B0, £RARNESWERT2RGZ %A, @i nonlocal FEEF N LIS AINZVEH
1%

new-style class — X8 X H w5l C 8 T f 220 5 1 29 U IHFRIE - 28 5811 Python fii A, A #7aK
JEAEi% 8 ] Python iy B IR ERE, BIA0 __slots_  RSF RAEJEME. _ getattribute_ ().
B EME ST,

object - X R L EAIRS (Bt ) ARTUE XATH (i) BEdE. object WITAnew-style class ¥
IZ R4 .

package — {4 —Fh A AL & AR B Bl H M0 5L Python module. MEGAR B, B2 A __path_ &
PEI¥) Python A5 .

Y5 2 Wregular package Fnamespace package.
parameter - J§ 5 funciion (SI7vk) S T HIA SR, EHE AT IABEZ I argument (Si{E RN,
W, 21%%). ALMES:

o positional-or-keyword: LB IBETF, T8E 0 DMERIE E S &AW PAVER £ 425 240 15
AWEZ, XEBAWIES AL, FIU T foo F bar:

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

* positional-only: {LFROIE, $&&E—A REEHAIEE ARISEL. Python Wil & AR E L Z1Y
k. (Bt NEREH URMEES (Kl abs () ).
* keyword-only: {UfRKHET, F5E—A HAEE L KRETHEARNSE URKETIE S S 7E KL

E ST S R P & AR BT S BE L2 A TN E TR S Z Aiic—4 * RE S, By
T 1) kw_onlyl F1l kw_only2:
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’def func(arg, *, kw_onlyl, kw_only2): ... ‘

* var-positional: ]S, H5E W] ABRME t— ME BECR AL B SEA BT (BT HALE 2
CRZMESHZIG) . EMESAEETEES AR « € L, BN Rmn args:

’def func (*args, **kwargs): ... ‘

* var-keyword: WAZRGEF, HEE W] DASEBUL AR B T SR (FEOIMTE bR S 2 e 32 il 5%
TFERZ)G) . BMESWEAEESZAPREMER ** Rz 3L, BI LR kvargs.

TEZ 0] DA B4 2 PRI S50, U nT DA R L8 ] Be S 40048 e BRIAE -
& Wargument RiIEFEFKH . SEEESH X AT H)E LA S, inspect .Parameter 3%, function —
A% PEP 362.

path entry — J&4E A 11 import path H{A)—ANBPLE . Sx@path based finder [ RA AR TS AWML,

path entry finder - J&1: A KDY T —A] XL sys . path_hooks (Rfipath entry hook) & [8] ) finder
W5 BRI T path entry g AiARHE .
{5 %F importlib.abc.PathEntryFinder DA TREERA B R 28 TSI &N

path entry hook — B #8 A V¥ —FPal P FAXT 5, FEHTE Q0] 22 $R0R7 5 parh enory W RBEHR ) 1 D0 REAS (i
H sys.path_hook %R [E—A path entry finder,

path based finder — J& T-BEIERI AR ZS BRIAM—FPTib 12 &K 5, WIE—ANimport path WAL,

path-like object — B HEFM4 E DU REMABEIINT S . KSR DL D RRBEEN) str 805
bytes %, WA PAE—NELEI T os.PathLike MMUAIRIER . — 3 Hf os.PathLike PHLARIS
AV os. fspath () BREEEWN str 8L bytes BRI I REG KL, os.fsdecode ()
os.fsencode () AIH5 AR ORIRTS str B bytes FERMZEIR . HXTZ2H PEP 519 5] A1,

PEP “Python J{5iF2 " MYIESCHHE . —~ PEP wiije— it S0, i1 Python #H AR HLAEEL, stk
—~ Python (R F I b HUEBE BRI . PEP I 24 S (HORSf 1) S AR AR AL T4 BURF P B BEE R
PEP WA 5 th 2 BRI Wk DR 5 B I8 A B R A6 25T Python Y BET R4 5
SRR E LS . PEP BVEE A SUELEAL I AR IR, FF IR A [ R ARAC A SCRY .
Z: I, PEP 1,

portion — {5y 4 — A~ 44 25 AL B SR NSRS & (WATREAFL T — A zip SCPFWY) , HLpsE UL
PEP 420,

positional argument — {3/ & £ % Z: WLargument .

provisional APT - £/ API &5 APL 59 A7 B HERRAEARME B2 ) J5 A ORI 2 S . g ez . B
SRR @ E A S A E RS, (B RBHGARCE &, 0T BETERZ O IT & B 1 8 A U B 1
TGS ER (R AFEERRED ). WSO A2 ET - (UF APLBOINAZ Jik
% TR 3 )™ BRSPS IR A AT BB 25X AR
RITE X APL R UL, a5 AR E MR SN B a iy 27—l i) i oA iR
2R RSB —Fh ) JE A R R T %
X APAL BRI AR SR PERF SN W S, AN 2 T 0E S KIS BE BT IE . 10 UL PEP 411,

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

Python 3000 Python 3.x ZAiFLMNERR (X4 FHEMA 3 ) R AAISIEE LI E BB T ) . AHHE
WA N Y3k

Pythonic 7™ UK B B UL B A5G T Python i 5 i A XA FNBES, TIAS & (8 ) At i 5 vhad 1)
AR SRS . BI4n, Python FYHE I KU R G T] for 1BmJFRAM P — Tl LA G b i i A T
o W2 HAMTE SRR RREH, N IARIAZE Python A I S — MR
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for i in range(len(food)):
print (food[i])

I 7 ) S5 57355 B Pythonic (7535 f& 1IXFERY:

for piece in food:
print (piece)

qualified name — FE #iFx —NPASUS M BRRI A PR, s MSEERIY 2 JR VSR E S B b o SCROFEAN 2L B
ROk BT, AHE I PEP 3155, X T Z A RERIZE, FREA IR SR AR —E

>>> class C:
class D:
def meth (self):
pass
>>> C.__ _qualname_
] C |
>>> C.D.__qgualname___
'C.D!
>>> C.D.meth._gualname_
'C.D.meth'’

295 T 5 B, TR E S AR BRI PSS TR R B A, Hrp S A AL
, Bl email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count — 5| JiHEL X E X5 HIOECE . 24— XI5 TR B, 4B 93 TR oRE
e 51 THECHE Python AR R Uil 7 2 A Al Wiy, {H'E @CPython SEIL— A KBICE . sys BibE X
T—/> getrefcount () pR%L, T 03 AT B R MIERE X S 05 T

regular package — 5 AL LS B package, FIUWEER—4 _init__ .py XM HFE.
%2 Wnamespace package.

_slots__ —FPEYES R R R, 18 1 7T 5C T WA SC B Ja 1R S50 G AR R S B 3 LR 48 AT AR IR
TARGAT, HARZAFAHAE S, S RRBETE DB OUT R, BN R s,
HHA SRS

sequence — J7-5| —fifiiterable, "B CFREIE __getitem () RFRT VAR ARG AT R AL LR T
HELT —MREFFIIRER __len_ () Jrik. WEFIIREA 1ist, str, tuple fl bytes.,
WL dict WHH __getitem () M __len_ (), HEPINNBETHEMALTES, K e
e AR B g immutable BETTAREEEL

collections.abc.Sequence IR ELRE LT - MHEEFEEWE D, BT __getitem_ ()
A _len_ (), &MY count (), index (), _ contains__ () Ml __reversed_ () . A PAf#H
register () RAJEN LI FEH DAL

single dispatch — Yu53pjk —Ffigeneric funcrion f3RIBA, HELIZET PSR ERBOREREN .

slice — YJ I 18 HALE TR sequence F—ER XS . U)F@ i (8 Firtmic R QU2 R, 7 [1 4
JIALE B4 TEmIET, flil variable_name[1:3:5]. 4SS (Fin) FRCERZMEH slice X}
%,

special method — $§5k Jji% — 7 Python [ IR IA, FIRRIREASRABUAT R E B B AAT N 245 . X
MBI A FRIE AT 2k o FEIRTT AR SRS WL specialnames.,
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statement — {4y (EARRETFE (— AR CHY) AR, —ARIERIRT DA —Aexpression BRI K
SEEIWLER, HtN if. while % for,

text encoding — SCASRY JITF Unicode P4 Hf 20 i 0“7 3 HR 1A 20 35 -

text file — SCA P —FhEENS IS st XF4 K file object . B — SCAS SCHFRSE BRJE T ) — 418 1) 7 B9 s
T B shbBext encoding. SCAR U FAEFEASCAEE ("o 5 'w') FTHFHISCHF. sys.stdin,
sys.stdout PAM io.StringIO HJEEHI.

HiESFbinary file T fRREW RS F 5 3 7 BYSCIRISR .

triple-quoted string — = 515 ¢FFh I RAM =AELNG ]S () SERGS ) W7RH. ENTEDRE
S RA M5 SRER TR A 2R, BREZMAL. ENARFRETR NG RE
e X BRESHIE S, H H A DABS B AT JOf 68 1 HEREAT , 1E20 5 STR A0 R R 5 1

type — B KA Yo E—AS Python W4 & TH AR X LREBEA —FIEA, FHEXT AR, [TPA
PiRIER __class__ &M, o2t type (obj) KIKEL.

type alias — 8R4 —RAAGFE S, QD7 2R U R BRI FE AR IRFT .
KRB BRI MR X 2w . Biln:

from typing import List, Tuple

def remove_gray_shades (

colors: List[Tuple[int, int, int]]) -> List[Tuple[int, int, int]]:
pass
A PASK R o AT
from typing import List, Tuple
Color = Tuple[int, int, int]
def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass

Z 0, typing £l PEP 484, H A %t I T RE AN
type hint — B3R annotation NS R . K@M, BRENIE S B0R BIMETE & TG 287,

FAUER R T AT, Python ARESREEME, (HH A ESRA M THEME, T8 IDE S
A S,

AR, RIE MR R R BPE R T A typing. get_type_hints () Ry, {HJ5HAs &N
AATPA,

Z W, typing Hl PEP 484, AR HINRERI TR -

universal newlines — Jli 47 —FPiR AT 7=, RAT A FF- S8R0 AT 45 bR Unix (94745
TRAE "\n'. Windows [NZE "\r\n"' PAKIHIK Macintosh [JZ57E "\r'. &, PEP 278 il PEP 3116
Flbytes.splitlines () JfEHEZ M.

variable annotation — A8 s 7R X AR B 8 P annoration
TEFREAS B o 2R JE b, T8 PR A H A

class C:
field: 'annotation'

AFEARE T O AR L 2w s BINDA T AR B2 int FREURO(E:
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count: int = 0

AR TRYA T PEZH R RE I annassign —77 .
1S5 function annotation, PEP 484 F1 PEP 526, H. XTI R HEAHIAR .

virtual environment — JEISASE — R 2R B AYIZATISIREE, fuvF Python HJ PRI R e 203 Al
328 Python 53 % AU 2 481 7 — 4 iz 7105411 Python R FREFAIFH .
A venv,

virtual machine — EABVBL — £4 5 4 i 14 SR H PO, Python K S0VHL T B 17515 7 6 5 8 1
H)bytecode.

Zen of Python — Python 2 71111 Python i3 #0J5UN 527 , 7 T MR 5 0 S SORh 2 o 777 36 EL b P
AT BB A" import this”,
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APPENDIX B

BARIELEFIRA S 14

15 LB S 28 Sphinx  (—{# 5(E] Python [EJWA SR 85 1 SRR BERS ) M0 reStructured Text 4#57
PR B L A A T o

4l Python [ &, iith H A1) %5 1 I SCPRELERHEAR H BT TR . F AR IR A ik, 75 52 reporting-
bugs EUTE, [EVSAHBA A FoAM i Balpy BB A

B
* Fred L. Drake, Jr., J5lf Python SC{ TR AR M RIEE DA R — K EIAHI1ER .
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx 4¢f) Alternative Python Reference w1-#] H IS 2 00 5 .

B.1 Python {898 BRKE

7% A\#RH[E] Python 1& 137 . Python 121 ik X AN Python [EJRA SCAFET MR . Python FT#(EIfY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAIE] Python A7 1458 3 B Bk A 4 7 15 (R i (E ] S — Jalt i iR g A1 !
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apPENDIX C

JE Sh B

C.1 zR#pImE

Python H fif 22§ FI T AR 9224 (CWI, I https://www.cwinl/ ) f#) Guido van Rossum - 1990 4E Y,
W, fER—TT0M ABC [iEF AU . R4 Python 345 T2 5k B HAB AW 5THk, Guido {52 H &
BEH .

1995 4E, Guido 7 #2 Je WNHY E Z A 5T 22 &) (CNRI, I, https://www.cnri.reston.va.us/ ) #4247 Python
ERTTAE, IR A T 2 AU

2000 4£ 71 H, Guido FI Python #.00FF & 41 BA %4 %] BeOpen.com £ 7 T BeOpen PythonLabs [\ . [F4E1 H ,
PythonLabs [#]BA%% F| Digital Creations (¥} & Zope Corporation; [, https://www.zope.org/). 2001 4£, Python #x{4:
H 42y (PSF, I https://www.python.org/psf/) 57, X &A% A4 Python AH S AT AU A1 @ iy 75
221, Zope Corporation FI{E & PSF [ B i i1 .

JI A7 ) Python BAEZITRR) (A KIFURHYE L2 https://opensource.org/ ). P I, #iKZ % Python Jii
AJe GPLARA ) TREL T RANOL .

XfhRA | RE F EE GPL#%?
09.0% 1.2 | n/a 1991-1995 | CWI =
13215212 1995-1999 | CNRI 7=
1.6 1.52 2000 CNRI &
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI %
2.1 2.0+1.6.1 | 2001 PSF o
2.0.1 2.0+1.6.1 | 2001 PSF P
2.1.1 2.1+2.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2=
22 GEE | 201 2001 %% | PSF =

ffilE): GPL 345 H A ERF Python {£ GPL R k7. 5 GPL [, Jiif Python ¥ niEAR AL 43 B A UG

W
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A, T JC T TR T A Sk . GPL AR A T IE (15 Python R PAS HVETE GPL R & AT HIAF45 & B ;
HHERFAHENATT .

JRUIARZAE Guido 55 T TAERYSNIREREE , AIfGaX 28 B A oA vl fiE -

C.2 FRERE LAH B E A Python Bk FOF ¢

C.2.1 FF PYTHON 3.8.0 #§ PSF i a]tipiX

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

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

3.8.0 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.8.0 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 3.8.0 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.0 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—~Python
3.8.0.

4. PSF is making Python 3.8.0 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.8.0 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.0
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.0, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.8.0, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 ) BEOPEN.COM #F ] ipi{

BEOPEN PYTHON JT- 58 A MR 1 i

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

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

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

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

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

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

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

C.2.3 FF PYTHON 1.6.1 g5 CNRI ¥ o] il

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

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

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

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

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

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law 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

(continues on next page)
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this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 HF PYTHON 0.9.0 E 1.2 g CWI iF o] Hpi¥

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 WM fFa9F ok S5
AT 2 Python JATHU SIS =y BOPHI VAT RIS L, i R A S FLRIEA 1

C.3.1 Mersenne Twister

_random A BT http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html F 28 113,
. PAT MR s8Rt (7))

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

(continues on next page)
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modification, are permitted provided that the following conditions
are met:

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

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

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

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

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

C3.2 EfEx

socket HHLE ] getaddrinfo () fil getnameinfo () AL, XLEREIHALAE WIDE i H  (http:/www.
wide.ad.jp/) i ERAME SO

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. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE

(continues on next page)
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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 REEEFRS

asynchat fll asyncore fEHEE DA R EH:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 Cookie &

http.cookies Bl & PLFFEH:

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

(continues on next page)
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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 HITIEER

trace BHAE AT

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:zookol@zooko.com

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

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

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

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

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

C.3.6 UUencode 5 UUdecode F#h

uu AEHAL S PATR 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

(continues on next page)
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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 & E2=EAH

xmlrpc.client MBS DA FHH:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

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

C.3.8 test_epoll

test_epoll R F AT AEI:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,

(continues on next page)
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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 HHKT kqueue Y AL & AR FEHA:

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.
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. 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 34417 Marek Majkowski’ %} Dan Bernstein [1{] SipHash24 38 1) 52

o BEHLATE:

<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
(continues on next page)
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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/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #1 dtoa

Python/dtoa.c XML T CIEF R dtoa 1 strtod pR%L, HT-KF CIEF WSO R FAF R TH4%, |
David M. Gay )[R 44 SCHEIRAE T, %S 24 5 W A http://www.netlib.org/fp/ F#k. 2009 4E 3 H 16 H#Z3)
B SRR SO AL 7 AR FRBCRI AT R B

/‘k*‘k***‘k***********‘k***********‘k*********************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

* % o

***************************************************************/

C.3.12 OpenSSL

WERBEAER G AT, W hashlib, posix, ssl, crypt #EHLfii/i] OpenSSL FEok 4R mERE. Mo, &M T
Python [¥] Windows Fll Mac OS X %A% )3 i fiE 4k OpenSSL JFERYFE DL, Bt PATELLARBA H T OpenSSL /1]
UER 5 D

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.

(continues on next page)
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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

EORE I S A S S S S S N S N S S S S S S R S S i e S N S S R S S S N S . S S N N

* X o

*

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

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

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project"” must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

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

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

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

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim

(continues on next page)
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*

*

*/

Hudson (tjh@cryptsoft.com).

Original SSLeay License

P A I S N S N S S S S S S N S S e A S N S e S S S S S S S S T S ST N S N S T S .

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

(continues on next page)
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*
* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence
* [including the GNU Public Licence.]
*/

C.3.13 expat

BRAEME A ——with-system-expat BLE THIE, M pyexpat § AR E L7 expat Y5 ATHS DR A

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

PRIEMEH ——with-system-1ibffi Bl THE, EHN _ctypes ¥ REELZ S libfhi JHATHE DU EE):

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

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

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

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

(continues on next page)
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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 ARGE AR B 2lib ASKIFT TR T8, MIRE A5 2dib SRS ¥5 DR 2110 §7):

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as—-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

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

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

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

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

C.3.16 cfuhash

tracemalloc {§i M2 M SE IR EE T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

(continues on next page)
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* 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

BRIEBEH ——with-system-libmpdec FUE T, 0] _decimal BBl M 15 libmpdec FERYFE DI

JEip

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. 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.3.18 W3C C14N i EH

test £ (lib/test/xmitestdata/c14n-20/) ) C14N2.0 ik 2= {F e P T W3C W 5 https://www.w3.org/TR/

xml-c14n2-testcases/ , FAR#E BSD ¥4 0]F (=23 %47:
Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang), All Rights Reserved.
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Redistribution and use in source and binary forms, with or without modification, are permitted provided that
the following conditions are met:

» Redistributions of works must retain the original copyright notice, this list of conditions and the fol-
lowing disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be used to endorse or promote
products derived from this work without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS”
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PUR-
POSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBU-
TORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUB-
STITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUP-
TION) 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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Python Hlig 25302 -

A © 2001-2019 Python Software Foundation, {58 g Al .

Copyright © 2000 BeOpen.com {4 i — Y HEF]

Copyright © 1995-2000 Corporation for National Research Initiatives {4 &4 —JHEF
Copyright © 1991-1995 Stichting Mathematisch Centrum {88 —4JJHEF) .
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Non-alphabetical
..., 67

2to3, 67

>>> 67

__ _future_ ,71
__slots__,76
K

PYTHONPATH, 56

A

abstract base class ——- W HE%, 67

annotation -- JEf##, 67

argument -- ¥, 67

asynchronous context manager —- 3 ¥
TXEHEE, 68

asynchronous generator -- 354 &%, 68

asynchronous generator iterator —- &

¥4 R BERE, 68
asynchronous iterable —-- % ¥ 7% % 4,
68
asynchronous iterator —— F3¥ %R, 68
attribute -- B4, 68
awaitable —- HE£#& %, 68

B

BDFL, 68

binary file —- Z3t#| U, 68
bytecode -- F¥#, 68

bytes—like object —— FHEX 4L, 68

C

C-contiguous, 69
class —— 2,69

class variable —-- (T &, 69
coercion -- WEH| XA H#, 69
complex number —— £ ¥, 69
context manager —- T X% &, 69
context variable -- FTX%TE, 69
contiguous —-- #%r, 69

coroutine -- HH4E, 69

coroutine function —- W& EH, 69
CPython, 69

D

deallocation, object,48
decorator —— E/E, 69
descriptor —- R, 69
dictionary -- FH#,70

dictionary view —-- FHAME, 70
docstring —- XHEFEHFE,70
duck-typing —- fF KA, 70

E

EAFP, 70
expression —-- FikR,70
extension module -- # EAH, 70

F

file object —- X#HX%£,70
file-like object —-- XHEX %, 70
finalization, of objects,48
finder ——- &TH &, 70

floor division —-— i FEERBR &, 70

Fortran contiguous, 69

f-string —— f-F£&,70
function -- E#, 70
function annotation -- R EME, 70

G

garbage collection —— HrdgkE g, 71
generator, 71

generator —- A4 K&, 71

generator expression,71

generator expression -- 4 KBEFKR, 71
generator iterator —- 4 EHBZERE, 71
generic function -- Z A ®E#,71

GIL, 71
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global interpreter lock —- 4 & B 24,

71

H

hashable -- W&, 71
hash-based pyc ——- ET%HFHH pyc, 71

IDLE, 72

immutable -- A4, 72
import path —-- B AEBRZ,72
importer —— B A&, 72
importing —- §A,72

interactive -—- X E,72
interpreted —— @EA, 72

interpreter shutdown —- B HEXHA, 72
iterable -- HHXE AW 4,72
iterator —- #RE, 72

K

key function -- #®E ¥k, 72
keyword argument —-- X#F 5K, 73

L

lambda, 73

LBYL, 73

list —-- % %,73

list comprehension -- F|Xk#HEER, 73
loader —- ju#E #,73

M
magic

method, 73
magic method -- BEARF%,73
mapping —— BtE,73
meta path finder -- TEZ&HHKE, 73
metaclass —- J0%,73
method

magic, 73

special, 76
method -—- ¥ &,73

method resolution order —- 7 3 ## # )7,

73
module —— #k, 73
module spec —- A, 73

MRO, 73

mutable —-- H 7,74

N

named tuple -- B 44,74
namespace -- fp& X H, 74
namespace package -- 4% X [E4a, 74

nested scope —- #kEEHH, 74

new-style class -- ##2%, 74

O

object
deallocation, 48
finalization, 48

object —- X %£,74

P
package -- 4,74
parameter —-- ¥ %, 74

path based finder —- ETREW &L E,

path entry —— BHEAH,75

path entry finder —— BEANDHEHKE, 7

path entry hook -- E&ANBHTF,75
path-like object —- BEEXZ,75
PEP,75

Philbrick, Geoff, 14

portion —-- 4,75

positional argument —-- L& 5%, 75
provisional API -- # % API,75
provisional package -- #HZEAM,75
PyArg_ParseTuple (), I3

PyArg_ParseTupleAndKeywords (), 14
PyErr_Fetch(),49
PyErr_Restore (), 49
PyInit_modulename (C H#:X), 56
PyObject_CallObject (), 12
Python 3000, 75
Python Enhancement Proposals

PEP 1,75

PEP 238,70

PEP 278,77

PEP 302,70,73

PEP 343,69

PEP 362,68,75

PEP 411,75

PEP 420,70, 74,75

PEP 442,49

PEP 443,71

PEP 451,70

PEP 484,67,71,77,78

PEP 489,11,57

PEP 492,68, 69

PEP 498,70

PEP 519,75

PEP 525,68

PEP 526,67,78

PEP 3116,77

PEP 3155,76
Pythonic, 75
PYTHONPATH, 56

75

5

102

EL]



Extending and Embedding Python, £[E] 3.8.0

Q

qualified name —-- R=E &K, 76

R

READ_RESTRICTED, 52
READONLY, 52
reference count -- 5| fit#, 76
regular package —- ﬁ’?%ﬂ/@” 76
repr

7 & R, 49
RESTRICTED, 52

S

sequence -- JF%,76
single dispatch —-- E4-k, 76
slice —— Y k,76
special
method, 76
special method —-- 4% ¥ %, 76
statement —- #E4,77
string
object representation,49

T

text encoding -- X K4, 77

text file —— XAXH,77

triple-quoted string —- ZB|BFfF&,77
type —— X#&,77

type alias —- (A F 4,77

type hint -- EAEIER, 77

universal newlines -- @ F#4T,77
variable annotation —-- FEEM#E, 77
[Flz & X

repr, 49
virtual environment -- E#IIE, 78
virtual machine —- JE#HL, 78
WRITE_RESTRICTED, 52
Zen of Python -- Python 2,78
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