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CHAPTER 1

HERNS=ATH

This guide only covers the basic tools for creating extensions provided as part of this version of CPython. Third party
tools like Cython, cffi, SWIG and Numba offer both simpler and more sophisticated approaches to creating C and
C++ extensions for Python.

S

Python Packaging User Guide: Binary Extensions
“Python Packaging User Guide * 7R Uiz T JLA I (b3l 97 R QUG TT JH T2, 318 T 9414
TSR A 2 P IR o



https://cython.org/
https://cffi.readthedocs.io
https://www.swig.org
https://numba.pydata.org/
https://packaging.python.org/guides/packaging-binary-extensions/
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CHAPTER 2

MERE=ATEREIZY R

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

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

WIRRSH C, TIHTE) Python PN E AR R M. DA WA REH Python FLIZMAY R, wIDAE N
extension modules HeSZP: SEPLH N BEXT S22 JHH C MEREM ARG R .

NT AENE, Python APT (W IREFF St 1) €T —RIKE. RHASH, ATLATIIF Python iZ1T
I AR GEH R > %S . Python ) APT AT DAL AE—A C YESCHF I "Python. h" SKICPFRM

PR 4 S 07 B S AR H A R GEBE R R HE T SN2

il C P 3L N Hi4ig CPython, 4RI ICIALEH AL Python SEBE B TAE. YERZHAEOLT, Mzt S
CYJE, RGN, 220007, AR BN T C SRS, RN Z%Z% A ctypes
B cffi ), A2 HEE C AU, XERER A VFRE Python [Ufgski 0 C UM, I+ HAR T HE A
ik C 9 AR, 1773 AE AN Python SEBLZ 1] LA S R Y T A AR

211 =N EBBBF

ETATO P R spam (Monty Python # 22 f% 5 XK (0 & 4...) I ELAR LA @ X . C & o 4K
system () ! fij Python 3 [, XA BEEEZ—APA null 45 B F4 R SEOFR B — A5, JA17ET
PAFE Python H DAGNR 5 X I8 A I R AL

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

B4 spammodule.c X, (fF4 L, WER—EHY spam, WX SEHE R C SCHEMY
spammodule . c; QIR MERA PR, AN spammi £y, WX ARG SCHF R AE 0 spammi £y .
c.)
SCPE I IR R AT A

VAN B 1 B AAERRIER os LT, SRR — AN BT BB T



https://cffi.readthedocs.io/
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#define PY SSIZE_T CLEAN
#include <Python.h>

X3 A Python APL (MIRARFVC, ARATLATEE HLAS I Fid s H ARHUSAL (SR o

Frik: T Python W] RESE L —LEREYERLLE R GE B SSMBRHESK SCPFITAL B E S0, PR EAE L S AT A
WS SUHE2Z /T, AR SRS E Python . h,

A7 B JEFE Python . h FifE X PY_SSIZE_T_CLEAN , #XHZILY & &4l 23 K T HH L
NE

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

R C pRELENY R, ] spam. system (string) BRI, GFRATRE BRI

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) ;

}

J

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

XIFLRGE KK, self ZHERIBNS R ; XTI IE MR [ % G 52051

args ZHUZAR 1 —> Python [ tuple M RAH5E, HH WS 2H. 4> wple TR —MEH S XL
SR 42 Python M4 - ZAERATH C BT il E N TR 2R HAL ol C {H. Python API H1f¥y
PR PyArg_ParseTuple () SESHIADFIRFHIAN C (0. BB Rl E 7 BRI B HEE
BUPA RAF SRR (R C AR REEA . ARTRERS S o

PyArg ParseTuple () TEAE SECENA LG HAL /045 I i fe A% 36 36 S g ik BN, 3R 0]
AEZE) . HAEEA TSR S (). ERSefl T8, o Bss e 5w, (EA5E ) sk 50T DAL
1R8] NULL (552611 B 0L

21.2 XFHRHFE

F&A Python fERESR RGAH — U R TR E BRG] : U4 — D REU T RIS, BN Y REE A5 & F
Rl —AERE GE#H N -1 3K NULL $84F) . S# G B AR EEMRR SRS = A R . Wit
HREMEMRME R NULL, FEHAMEN B2 sys.exc_info () FriR[alf#) Python JLA AL i1l C
Ko AT BRI R SLBIRAIR TS PR AT T B AR R A B AL e ) A R
Python APT H g SC T — 48 R 0K 1 BHX S0AR

I M W B /&2 PyErr_SetString (). HBHEFH XN LM C /M5 H. FHEXN L K2R
PyExc_ZeroDivisionError XL TIE XX 4. CHEFFEREHRFEIRHE, 95540~ —1 Python
TR AT ) < RBRAE

T NH M K% 2 PyErr_SetFromErrno () , [UEZ—1THREXNE, REMTOEELRHZLE
errno P, FilHREGARE PyErr_SetObject () , W NS, 7B REXNSRMREERLR. R
AN EAH Py_INCREF () RH4niL s 2| HAL R A 2 E0F %005 | T4

6 Chapter 2. FERE=H TR R



Extending and Embedding Python, A {ThRZ 3.11.13

YRATPAE L PyErr_Occurred () FEAE MBIARI G OL MR 2 ICE T3 . XIFIR ] 24 B S m 52
BCE AR AR S R S IR 8] NULL, AR H AT EIAN PyErr_Occurred () KAF BRI 2% %
AT EEDE, PUOAIRBOZREM IR ME A& ok

B RS T AR g IR RS A T, f B E R el M R{E GERON NULL 5 -1).
BRI PyEre_* R RO 20 g WL T f BRI BSR40 0] — A ok
fers e ey, [AAE AR PyEre_*, BRILASHE — BERAY BN PN 28 oy Se A 2 2 1Y R
By 7o — HXAME R E)IL Python EREARII LIRER, B 1k M ATHAATAY Python fURSH 2214k i i
Python ) (3 JIr4it i 1) 5 5 Ab BT -

(FEH L B AL SCREAS Il 1 R VB PyEre» RECRA I HUON R DN B, I HAEX 2Ll
DU AT AR o R 2 B — ORI, SR ARG, T RE B KA RME R ER K2Rk
(SRR GAIER &)

AELZ0 W H — A 2 W) R B ) T B B R S, SR SRR A AT ] PyErr_Clear () RaUHb#H
Br. CAUIGN 4IHH PyErr_Clear () HIME—IHOLE IR E AR RE AR 2SR HE R
AhEE (TRl M s, ol BB Ay ) .

BRI malloc () A A — 2% . malloc () (8 realloc () ) BB E LAEH
PyErr_NoMemory () Fik [ IRKHER . A XSO K% (Fl 40 PyLong_FromLong () ) BE&X 4
T, FrPARAN R T B malloc () AU,

RN, BRT PyArg_ParseTuple () SFEENBISL, R [ EEHCHIAHS Y o8& B0E AR 2R 0] IE{H
R FTRI, MPA -1 FOREKM, WnlE Unix RGEH M.

BoE, MRIR Bl — A RS R A B ROE SR GE IR E 0B R AT Py_XDECREF () B
Py_DECREF () & H)!

PEBET| A B 78 58 A B T AR 5 4F . BT Python [N & 5 5 #R A XM 1R Tl 75 W C XE 4, fl4n
PyExc_ZeroDivisionError, R PARLIEME A EA]. 245k, RN 24 HAE bk £ 7o - RNE4E A
PyExc_TypeError RFE/RCMTLEFTH (TREMN % PyExc_OSError HARE) . MRS EINEA [
i, PyArg_ParseTuple () HMHGHTE 25K PyExc_TypeError. WIRARAE—NSEELILERE
E T P s A A A4, EEL ] PyExc_ValueError,

PRALAT DA RS SC— N ME— R B o . /5 SR SCPF AR A I — N Sxt e &, n:

[static PyObject *SpamError;

HAERH IR ER AL (Py Init_spam () HFFAT A X GO KA T R 1k

PyMODINIT_FUNC
PyInit_spam(wvoid)
{

PyObject *m;

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

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

return m;

}

B IZ 55 X2 Python & FR°A spam.error. PyErr_NewException () BREUA] DAG)HE H 2 h
Exception 2 (BRIEME AT 73— I A & NULL), 40 bltin-exceptions H iR i .

21. {Ef C 5 C++ ¥'J& Python 7
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TH{ER SpamError AR R R E T — A HT B R RIS Lmﬁﬁjﬂzm' S AT RE S B
A B I B, PR LR %i‘ﬂiﬁ*"ﬁﬁ%lﬁ’]?lﬂ%%ﬁﬁ% 2EFE, MIMFE SpamError
HN—A s gst . WRRE RO, W5 Ki%A T%*EI’JCWﬁ%ﬂﬁﬁé\?yﬁtﬁlﬂ\%ﬁ%ﬁﬁ@?ﬁ/ﬂﬂz
ST S o

AFEGIFS GRS PyMODINIT_FUNC EA s EIGR B 224 1 vk
AIYEY R PyErr_SetString () 5|k spam.error 7, W RHIR:

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 @3 HF
I ES =T R A VAT A | S T AW T B
if (!PyArg_ParseTuple(args, "s", &command))

return NULL;

TRAES B R PRI B 4535, B RFR ] NULL GZ{E 2 0% 3T 4 R840 00 sR B 45 R ), X B 1
PyArg_ParseTuple () WEKFH . FEHA I N SEW PR E 9 D3] JRfAs B command., X
B8 %TWE?FE%T R AZAEECE BT 48 ) B 4R (R AR HE C o, 48 B command B 44 IEAfih s

B A const char *command),

N —AEAE ] UNIX 245 K%L system () , A SHBUENI A M PyArg ParseTuple () Bl
HY:

[sts = system (command) ; ]

FATH spam.system () bR %0 20 LA Python Xf R i £ 301k ] sts A {H. i I il eR KR
PyLong_FromLong () SEHY.

[return PyLong_FromLong (sts) ; }

FERXFPIGOL T, SRS, GXRFGRTE Python i HLHE ) .

WSRARA — AR A 2500 C %0 (BIRIE void MIRE%L), WX [ Python f%s%i3R [i] None.
PRaAZAE X A5 (‘B 2l Py_RETURN_NONE %23 SLPLAY )

Py_INCREF (Py_None) ; }

return Py_None;

Py_None /24K Python X4 None Xt C 4 FK. &2 — > HIER Python X4 1M A& NULL #54t,
WAV, JFEFERZEE T CPAERE iR,

8 Chapter 2. FERE=H TR R
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2.1.4 ERFGERNIIGCERL

FORTIE 2 RGN A A Python R/ i spam_system () . B, FANFTEAE “Trikk” $751
H B B 4 AR A

static PyMethodDef SpamMethods[] = {

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

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

RS =S8 (METH_VARARGS ) , iX/Ma&fgE A C W6, ik f METH_VARARGS .
METH_VARARGS | METH_KEYWORDS . {H 0 £ PyArg_ParseTuple () WJFEIHA &,

SR B i ] METH_VARARGS , bR £ & %% £ Python f% % twple #% X 19 2 8, LM
PyArg_ParseTuple () #EfTMEMT.

T 2R R 24 8 5 B - S 50 4 % R B0 W] DATE BB = AN F B i B METH_KEYWORDS FE R fi. 7
WA LT, C BB M #2325 =4~ PyObject * B %, BR A — D XEFHMRMFH. FH
PyArg_ParseTupleAndKeywords () XS EURNT N RS

AT IRR AL E LRSI -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

XSGR ITAERR AW UG AL R B AL B 25 ARE & . F IR AL B 6 %0 PyInit_name (), Hif
name EREPI LR, FH LIV ZR IS A E LME—TF static &H:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

TH VLR PYMODINIT_FUNC Kfe& N PyObject * iRk [a I, PRI T -5 B SR ML Rp R R 7o
B, FEE3T = C++ B R EGE N extern "C",

24 Python F£JF T I S A spam B}, PyInit_spam () RFgERH . (5 5K A Python [T RES UL R 3C. )
BRHEH PyModule_Create (), ZMEESIR ARG, HEFERYGE Ch#BIME (—
PyMethodDef ZEMJMAAIEAL) K N E REOT S4@ A BB B B A . PyModule_Create () R[] —
G E 3 BT 2 B F8EE . BT RE S SRR E AR AR Ak, SRR IO R v
fERFIR B NULL . W1 iR Ak s B TR X G2 3R [0 45 R 2, PABERFEHEAE A S sys .modules Hi,

2k A Python i, [R3E PyImport_Inittab #HHLKH, HUALHZNA PyInit_spam() K%L
BB BRI ik, W PyImport_AppendInittab (), FIEERERG T AL

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);

(T

21. {Ef C 5 C++ ¥'J& Python 9
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(750
/* Add a built-in module, before Py_Initialize */
if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit (1);

}

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

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

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

PyMem_RawFree (program) ;
return O;

ik B sys.modules MHFRSEIARE T A O PEHCEE] — A IERE BLIY 2 AV RE G (S fork O i
Bl exec () ) SAE— LUy B LR 4R IR . 7 REBEEAEE v AFERD SR A R S A I 4 HH e i

B2 K TR LS ) 761 57 Python JiS & Mt Modules/xxmodule.c Ho BEICIFAT AR
PR AR AR B2 > R

ik AMEFKATIH spam filF, xxmodule [FHl T % M-E#7451¢ (Python3.5 FF4A5] A), PyInit_spam
2x1R [H]—A> PyModuleDef Z514 {4, SR EA1E B E] T AMNLE . 40717555 PEP 489 [ 2B Bdltafk .

2.1.5 ZmiFfnsdis

TEARRE B IR S 1Y 2 1, VRS B OPIFEER (1] Python ZBUMA I AGER: . WA AR (]
AN, T R RGBS AL 025 Bl 2 G BB 20 (138
C/C++ 37 J 347, DARAE Windows L2k BEROBISM 8 (72 Windows )3t C Fo Cos 37 2575).

SRR B, 2 AR B ETHUR A MR/ Python ARREGRAY—F 70, L B BOE B0
FEEUF ARG . SR RTE Unix ARG, HSHZHEIRIISCMT (spammodule . c B HTEMESH
RIS AAT A Modules/ HR'T, #II—47%] Modules/Setup. local RAMBIRAICIF:

[spam spammodule.o J

RIGAETIZ H Sz 17 make REHIEMRER . (R AAfE Modules/ T H R make, {HR2IRLLA0
JEEE# Makefile U, #AJ5iE1'make Makefile’ fir%-. (VREFRIEH Setup U B )

R B TR BB B, X LE AT DA I AR SR L, 28 S

[spam spammodule.o -1X11 }

10 Chapter 2. R"ERE=FTHEIEYT R
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2.1.6 7£ C thifF Python F#

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

Szl , Python fERREHE LT BERIANY , F-2ahnifE Python s R AL ARSI (X HLAUA FFHEA AR
Hr Python FAFH A AT, QIRA BN PAZ % Python/pythonmain. c Hf) —c frATUHS.
)

i il Python pREARfA] 1, ' JG Python /7 2443 Python RN . WML eR % (SHAREE 171) e sk
B IR EORT, 4R RARAT Python pADM RINREN, LZIEM (Py_INCREF () ARSI
ML YRR R WA A RKER . 20607, AR KB B E S —i 73

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

if (PyArg_ParseTuple (args, "O:set_callback", &temp)) {
if (!PyCallable_Check (temp)) {
PyErr_SetString (PyExc_TypeError, "parameter must be callable");
return NULL;
}

Py_XINCREF (temp) ; /* Add a reference to new callback */
Py_XDECREF (my_callback); /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */

/* Boilerplate to return "None" */
Py_INCREF (Py_None) ;
result = Py_None;

}

return result;

}

BERR BN ] METH_VARARGS JHAREM B MRERS ; DURFFE AL e 77 ik R Ao inds 1 33— R Egifiig .
PyArg_ParseTuple () PRECSHSERN SCRY WA ALY 4 el 24k —A5 .

Py_XINCREF () Fll Py_XDECREF () iX 2 Al HGINAR /D — X 05 | Fit4k, HF B 2474 NULL $84t
AT AT GRAE 22 4 (IHAE Y E R AEX A BN S0 temp F9AN R NULL). HEHXAG EES% 7| At &5,

Bl , 420 LR, ARG C Bk PyObject_CallObject () . ZHRECAMANSEL, EATH
JETH5EE, f8M{ERE Python X4 [l Python %, MHBHIK. SHENFRLFEZE—TCAHNR, H
KEMSHAN LR RS HOMIE A Python pR&L, W A NULL s—2soodls 2 — 2808
B, WEA—IFIEH. Py_Buildvalue () REHMATAHULE—XIETESNIZA 22 AN
Ay o] —A~Te . fn:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

J

PyObject_CallObject () & [l Python X} % 45 4, iX 4 2 Python & %{ 19 & [l fH.
PyObject_CallObject () @& —MXHSH” 51 HITHIC X7 M. 6l oo gl T
S, I HAE PyObject_CallObject () ZJG 3Bl T Py_DECREF () .

21. {Ef C 5 C++ ¥'J& Python 11
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PyObject_Callobject () MIBEIMLME “H” fy: BAR— RS BARDHME, (1
T3 BT S RARAE L A RS R, (R BEAHX M 1] Py_DECREF (), HMEEAR
PRTRIZE (K1) R g%,

HRAERX A2 b, R EER— S R IR A NULL. WG, Python RIS L5 Kk 5H
o WA Pyobject_CallObject () K C AU/ 27E Python HHMa L), B 24 37 Bk [ — A~ iRk
0 Python 1/ 2%, DAEMFRERS REFT ENAR RIS 2., 801k 77 Python ACTE BEAL HIZ 77 . QAR
TCEMEI SN GAR, WY 2@ pyErr_Clear () RIEERFH . Hl0:

if (result == NULL)

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

T AR A IR R AL, ARiB ZHR 2| K E] PyObject_CallObject () o fENLUNIL N SHL
F 2 i Python A2J ¢S iy, a4 O AL 2 [l R R B 5 . AR AR B SN E R i 5 oh—
SO AR Z S — BT T AR AL SR B L TR Py_Buildvalue () eREHIE wple, 2%
AT, AREAL SRS I ] AT A

PyObject *arglist;

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

J

M3 Py_DECREF (arglist) FIfEALLIBIHA, TEASIRIAT Z Al MR BTE SN ER,
W Py_Buildvalue () A]RESEBNAAA LHE.

MARE R B AR EE R, AR FSHON M Pyobject_Call () , FEXFFFESHM X ETS
. A BT, FAIEH Py_Buildvalue () RMEF M.

PyObject *dict;

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

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

21.7 RBY REHHSH

K% PyArg _ParseTuple () WA :

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

SR arg AR DICAXT S, &M Python (4345 C RIS ESN . format ZENME— A& F
e BRI 5% Python C/API T} 1) arg-parsing., Fl4 S50 24N AF EIGHLEE , KB S5 F4S
SEPO PR

Y PyArg_ParseTuple () MGl ha 211 Python ZHM , AUTCIAAG L 45 i) C A2 fEstuhE, 40
RIXHEIMEE T, TSN TRILS AR, .

FERATAT 6 1 2 B2 0310 Python XPR 52 f5 ka9 5115 AZLEBIENTHE T
— LR Bl
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#define PY _SSIZE_T CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

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

const char *s;
Py_ssize_t size;

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

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

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

*/

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

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

f('spam')

f('spam', 'w')

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

}
{

int left, top, right, bottom, h, v;

ok = PyArg ParseTuple(args, " ((ii) (ii)) (ii)",

&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
}
<

{

Py_complex c;

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

/* a complex, also providing a function name for errors */

/* Possible Python call: myfunction (1+23) */
}

2.1. &M C 5 C++ #/& Python
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2.1.8 LY RAMHXBEFSH

K% PyArg_ParseTupleAndKeywords () FHIAIF:

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

arg 5 format %5 pyArg_ParseTuple () REUTE X —3. kwdict TS 2AE N5 =A%\ Python
IBATHHE ) R B . kwlist JE S 2 DA NULL 85 B AR 5%, BN RIES: 4FNARS
5K A format WRAUE BAHILEL . WERPFTHZ), PyArg ParseTupleAndKeywords () iR [PIEAfH,
TR MR 5 | A — A0 24 1 7

ik IERCAEMH R T SR O AR, ANTE kwlist WP KB P SR 38 TypeError S,

TR BT i KB SR ) T, 1135 2 Geoff Philbrick (philbrick @hks.com):

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.
74
{"parrot", (PyCFunction) (void(*) (void))keywdarg_parrot, METH_VARARGS | METH_
—~KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
bi

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

PyMODINIT_FUNC
(T30
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PyInit_keywdarg (void)
{
return PyModule_Create (&keywdargmodule) ;

}

2.1.9 WEERIE

XA RIS PyArg_ParseTuple () RAHEL, FEEAUNF:

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

BT, 5 PyArg_ParseTuple () M, {HESHnAUEEA B RBIETEE (AL R
B, mARR ). FRZAR [ —> Python XTI & Tk il C p& % 45 Python fURS

—A~5 PyArg_ParseTuple () [AREE, J&H A AETR 20 ZKIR [ —AS 7041 (Python S5 H R4 B2
TENTR A IeAl), el A A% 45 HoAth Python s ASEL. Py_Buildvalue () AN T,
LT 1 MK FARRTS A RoTd, MR FE AR A MR E] None , — NS B B4R [Bli% 2
BRI BR R A AN KB 0 e, sl S — AN IcER It FEERR AR B
7.

Bl M2, A2 Python {HE5R):

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

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

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

2.1.10 5| AVt

TE C/IC++ BT, )7 RIS B s e heap B NA7. 76 C B, @it %L malloc () Al
free () R5E. £ C++ HUZ2HAE new fll delete SRSZHAMHFEAITIRE

i malloc () AFECHINAEEL, AER free () BFE W AN ERZ. MIHH free () 19
RHLIER EE, R —DNGFIRET free () M SEONGFIE, X NGFIERE TSR B0 LEEH
W . XU A AR, TR Rl — S free () TUAE, BAM—F85FFvis i, T i i
malloc () B MiXHNELSE g, XM B384t ST ARG AL %R, core dump, 4fias
H, PR I S

WA A A S AR A — S8 N WL AR AR Tl Eetn— AN R BOR T T INAFRAS TSR, RS
TN AFS . BAE— 2900 bR B A O] RESE X R B I AR I S DR AR, SR G A R RO ] 7
XARA Gy S EIR B RTRE N AE . R RIS . XA NAE, —HEEIA, @R AR
SEVARIN R, B R R A A A, T B SO AR B BN A, B DA (U K Wiz
AT SO SR R R RN A AR AR . R, A R AR AT & R R R Mt
e
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Python ifiid malloc () fl free () & KM WA BCARERL, [FIFETE BEEE G A AN ET FE 6. fhik
Bkt st R R B BRI S — R, THEER B S X RS R
WE AR, U5 HIECh O, RN ROCEEAFENE LT, ST AR T .

7R B FERen. CA NGRS R S kg, T R2aX By A 30" HPAIX
P E SR B U0 2 PR T BRI free () o G — M2 il BE s A7 6]
SRR FEAME) . SRR C, WA ATRARRY B Sk s, mis] v BOu e AR R AR Y S B (L2
malloc () Ml free () PEUERIHIAY, X2 CHpMEHLRED) . WIFAEA —RK 2 MW BAERY A 3 b
Pelulie s, (HAEBCHTFRA L2055 ik TAE.

Python i I GER05 [ VHERSCIL, WBARBE TARERIGINAS . LA ING | I3RS Fofs4H O B4%
sk BIE TARERT I, RS TR — g . 5 IR AR (RTREEE) HI5IH T4
5, P AEFR AR RIS TG AR 00 SRS T HESE B [l AR 5 | B ER IR &
HCE BRI ARG, WA BCA IR LASNY S T

DGEIAS I i BEAS A I B33 ISR ER I BRI E AT go BB it 17— Azt izl fe iy 77 20 (collect ()
BRED, PARZANBCE R O MRS T I AR i 25 D fiE

Python hgg5| Rt

H W% Py_INCREF (x) fll Py_DECREF ( Mié'lﬂﬂﬁ*ﬁtﬂﬁi*m Py_DECREF () HW&TEG| it
BER 0 BPREHOT 4 ﬁTi(ﬁ AR Aﬁ%ﬂﬂﬁ free () , MWL RTARM) KA 2F %Ex@@&%ﬁ%ﬁéi}%
Mo ATXAHB @A), Axﬁ%ﬂaa‘@4‘~/\?5m Q%%ﬂxﬁ%@?‘éﬁ

SN O] WEIEI i A Py_INCREF (x) Fll Py_DECREF (x) ? FRATE E5IA—Li&. WA N
B — AR5, T[/J\/’f)ﬂﬁ"/\ﬂ}ﬂﬂ*/\x_f% *AXT%EGE(IH%TT@EX%?E%%]H%Eﬁf&io 51
WEHEAT Eﬁﬁﬂ Py_DECREF () , FE5|HIAFFER. 5IHMIA KR ARG A =Fhpgokat
BIWAMGIH: ik, 7. ﬁﬂ% Py_DECREF () ., &icAb®E — G851 H & S8

AT A 5 R — AR5 . RS AN % Py_DECREF () . 18 H & LR A RER A X 5
AR A F A B I E] . PRI AL AT S5 B A 5 2 KU m W iZSE AT RER .

A T3 B S R o R OB A e EAUMERYS I, BCE3E, a5 FARTC/RH O N AR Y
Ao i T R 2 — LR R IR AU _E A5 TE‘E%T WA FALE SRR

AT A AT, il /M Py_INCREF ( AL PE 2RI ERRS. X4
WIS N, R TRalia & T (?ﬁﬂﬁﬁﬁﬁﬁﬁﬁf"%ﬂﬁiﬁglﬁﬂ, ?)E@ZHIJE’J%‘J%%%%K?F%@)O

AHEAN

B WRG LB IE — R BORT, SRR 1 VA% A8 E P KRB 2 R a5

K Z BeRFGR B — X 25 H, ﬁf?k.%'lﬁﬂﬁﬁﬁé? W, A A g R A,
PyLong_FromLong () #1 Py_Buildvalue () , & #IMA X ZALBIE. BMERMN R ARZEIED
Y, 1h%7ﬁﬂ%3%15°x¢%ﬂ@%ﬁ§|ﬂ3u ﬁ/l\ifﬁﬂ% PyLong_FromLong () 44 [ MNiATEHMNZAE, 7]
DA ] 2 G2 4730 H 85 1

WL — DR ERBOT R EE, WaEids X R, Bl PyObject_GetAttrString() . X
B AEIER, — 2R K 0 GIRE 261 4MY PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #R2REIMITAL. FF%. FHEAEHPKGIH

PRI PyImport_AddModule () HZRIMMEMIAYSTIA, WP AT RE Sk o GG X4 XAl RER S —A>
WA BT RRAHTE sys . modules LI

AL B — X R B 7 — A R A, R RECR R B A . WERFZAAE, ST py_INCREF ()
AR M A . XA A A EZE R FISL: PyTuple_SetItem() Ml PyList_SetItem() .
XL PRI Z AL BRI B T KR, WS KR! (R PyDict_SetItem() KRB &R H X
#, fifil2” IEFEH).

2ARE ST A AR IENN: WAZURAET KL
SRR HHECE S VBT, ST ST DAL C AR R, A T AR A 5 T«
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YA~ C R Python P FIIF, 2 TR I 7 R USRS G IH - T EIAXTR IS, B eAE A
85 | 2 i T DAPRAUE B R SR 1] o B 05 5 75 B sl s v, il R A 15 L

WL JEH Py_INCREF ()
Python ¥ F M C sREGR [ AIXT 55 | I BF A AUEI0 A 15 | -3 & R R EUE S 458 H &

fERSagE K

AOEEO T, ST HERETTE, (BAI RSB, X2 H oy R =R, T ae
SEEGI NI FELEX AT .

B AR ER TR Z M A py_DECREF () B|—MIERXMER, MXMXRI5 MM E—151%
TR . 2B

void

bug (PyObject *1list)

{

PyObject *item = PyList_GetItem(list, 0);

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

XA RECE BB —AGH 1ist [0, A58 1ist 1] M 0, HJEFTEERMGIH. BRELE
Il HAAZ.

IEFRATIRFEIERIRAIEA PyList_setItem () . FIRIAN KA RHMTIA, FIYEE 1| PO,
EMMEFTEIRZH 1o BAEFRNEOREIG R H 12— e SCER L], FHat— P R 2eE LT
—A_del O Jike WEPRRKIEEHIRGIHIECN 1, MAZFFERFRHE __del () ik

HI T2 Python 451, NIk __del () Jrikwl ASRATAEE Python fUi%. B2 AT AR bug ()
Xf item BYGIHIRZINE? MRTTA! BUERL A bug O MIFIERFATARE __del () JAVIH, ERATPAIR
Fr—2RIER) LI del 1ist [0] MIRCR, BUEXRAIZMNRINERE—RKGIH, BRSPS 2R
WAE, MM item KA

fRERITIAR, BMARALE TR, SRS 17 IS TR IER AR Y R AR AT

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

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

K NEEHER .. —MEIRAS ) Python B 240 & IV B AL IE R, A ATE CiE 5 iR es h b 2k
TRENE, AFEHEN A del () FESEM - -

DA B 28 R DL RS B9 5 | 3 MR ARRY AR, il E, Python fRRERS L ZANKARTLIETEAT HHY
B, FNAE 2R Python BN 4450, (HR] A % Py_BEGIN_ALLOW_THREADS Il
BRI AN, FHREUETH Py_END_ALLOW_THREADS . il 5 [ Z8(EfH 2E VO JH A 4b, (5 HAh 4k
FERTPATESS £ VO R FHACPRSS . 28K, AR B S BR 2 BN —FRAY A

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
...some blocking I/O call...
(BEF )
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LT
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL 5%t

HH, RGNS B BN A B AL E AT NULL 48481, I HA IR 25 0 (5
TELAG S BUZ0RAR) o R B0 35 | Y04 o GE 7 A ZHR W] AR T S AR 9] NULL. Al NULL
SR SR RAE T 1 2 R R R E AT TR X G A 25 FO A e B - AR A s BRI UL, F5&
SFEOCRA U M A T 8

I IOMEERAE “YRL” FAGI NULL, EPZERRIRE)— AN AT RSk NULL pg484F, Bk H malloc () o
I RET | K S8 I R R sk o

Py_INCREF () fll Py_DECREF () &% A2 NULL 54 — (B2, B ASFh Py_XINCREF () HI
Py_XDECREF () W&k .

T RIRE 2 X R IEBUA 2 (Pytype_Check () Al NULL #8541 — [A R, A5 K& AU & L
XA ML — X R N UM R BUNE R Z —, XA STTRI. AIFEH AT NULL &
TAEIR

C s O AL 2 PRI 47 C BB SRR BBl args) 4R 204 NULL - SEFR B SRR
B h—Aodt.

LA GRS NULL 4541 “WtEE” 45 Python J P& i@ AN ™ B4R 1%

2111 £ C++ P REY &

A PAE C++ G ik, 2GR El. a0 )T (Python fERéds) 21 C ket giF Al
B, 2 RuESA RS AN RE M . MR R C++ S iRae RSB A XN 8. %R
24 Python R M GEE BB IR R ED) YA extern "C" o /275 7E extern "C"
{...} BA% Python SLSCFNPR@ARAE S, H AR E LTS __cplusplus ME & &iX 4R H
0T AP C++ ikt o e SUXMF5).

2.1.12 453 RIERIZ{E C API

REY FEBHARAL T B & Bt Python {1, (EA I REALER HLA AUt n] ABCH b ARl
Mo Bldn, — A9 R ] ASE AN A collection” 7 ek 2 A T 1Y . Hk1%2 Python 51| F2270
?ﬂ%ﬁ{C APT VR A HOR QM ZAE 515, IXASHY RG] A — M C BT T 45 Hofth 7 i bk
FAEM .

TR ARG R AT EHE R EFRFEVE static), SAMAZAILICE, AR CAPLISCRY. 5K
b EAERTA R 2 S A 2] Python RRESRI (LR W DAIEF TARRY . B DAL S ey, —
AL AR5 E SO 7 — BRI L . AT LGRSO T B R S8, — 28 R SEHY Python ffRE SR (4 1)
R4 25 18] (B4 Windows), A LEMAERER I 75 25— AN E S AL SR (— T2 AIX), 2K
B PRHE TR A S (4 Unix 251). BERATS2 4Rl WA, VR Rt T G 1 A 2.

A REAE LT B REXAT S ] WA B, X REWRE Y R L BT AR S X A static
B ARSI AR (L eR R, RIS S A R fi 4 o R (FEBOE AR 7 ik R A s A S B PR
XEMERT T o4 0 1 HA T 1 75 2R A AT

Python ${#t 1 —NREAl AL R A B i ) — N9 A %18 C R (5 6 (35%): Capsule,
—|> Capsule it — M 7fif 774 (void*) ) Python $#li2¢%. Capsule H figidid J C AP RBIE A
1], HEATA ABAL AT HAL Python X5 —FERLML R . Frldh, B4 DABRIE ST AL 42 25 [R] iy
— AR HALY BB AT DA AKX, RIBOZ A FRX I AIME, SRS\ Capsule RIS

S BAREEET IHZ WA TR 2052 i, XS HEAR AL, R IR TR EZ IR
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Capsule i DA Z Fi 505 C APL 5 LI . 44~ 8UT DA F © /Y Capsule, 5(3 fr 7 C APL 454t
W AR — AR B, Bk PR A1 45 Capsule. FEAERIZRBURET AT A Z RO 2, % Pt
(R

TR AN T3k, AR Capsule 45 1 24 (9 4 PR L 22, AL PyCapsule New () %4
name JEZ (const char*); FRFRIEA—A NULL AERAFR, (EIATIRZHER RS E 4 AR LR LAy
# 1 Capsule $241 T — € RIZATIN AL s A AIATHY 7 URE X >R Ay 44 19 Capsule.,

WAL, Capsule T 2§ C APL, HA 7 W iZs i 4~ HLie -

[modulename.attributename }

A REL PyCapsule_Import () AIPAKHFZE AGE LT Capsule ${iLf#) C API, {UfE Capsule {144 F-VLRQ
e XAMT A C AP PR T i BE ARG Hf 2 TSk 2 A IE ARG C APL

N BT R TR R TUH R 4 T AR S B A B 3, X T R EROR U 2 B
W EXRKETA CAPLISE (TEX BT HIAG—A) R —A> void fREHEA, e —1
Capsule [{fEL. RTINS R I SKSCPEFR AL T — A2 R B ABARAIIRECH: C APT$55F; 20 P i
3 ZAEVT ) C APT Z JE X A2 BT

SRR — A [ SR 0h 0] T ) spam AERE I, BT spam. system () HAEEIHH C JEK
Bosystem (), MEWH K% PySpam_System (), X~ eRECEIL L H 24 SR S LE T 42 2 i 0
(HANERR S A aN N “sapm”™) . %% PySpam_System () 4 S H ALY AL,

PREL PySpam_System () &4l C pREL, RHAMRE—FERIH A static:
static int

PySpam_System (const char *command)

{

return system(command) ;

}

PR spam_system () C4ANF 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);

}

FEBHRIT K, FE AT

[#include <Python.h> }
I SN mA T

#define SPAM_MODULE

#include "spammodule.h"

#define HFHAEL IR LA S A FIMAVEIEE, MAZE i, 52, BRI R Bb i
DiHIEAAL C APT 45544

PyMODINIT_FUNC
PyInit_spam(wvoid)
{

PyObject *m;
static void *PySpam_API[PySpam_ API_pointers];

(ZF 30
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(B L)
PyObject *c_api_object;

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

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

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

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

return m;

EHE R PySpam_API #F N static; HNFEEEALSHE PyInit_spam () A5 KR!
Sk spammodule . h B —HETAE, HELUT 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.
7
static int
import_spam(void)
{
(BT 1)
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(750
PySpam_API = (void **)PyCapsule_Import ("spam._ C_API", 0);
return (PySpam_ API != NULL) ? 0 : -1;
}
#endif

#ifdef ___cplusplus
I3
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

& AR T RES 17 10) BR AL Py Spam_System () BT AZRH ) =1 il 2 7 oA i Ak R B0 R F e R (B
%) import_spam():

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

RFITIAR R AU, U spammodule h il TR, MK, XHEANE T AR KL, BEARGEH 2 AL
1, BreA RS EeE ] —ik.

)5 5 BRI /2 Capsule 241 TASMWTIEE, M TfEGE7E Capsule H A F5 4T 1 N AF 7 BCFIREIC. 48
72 % Python/C APl 2% F-JJ} ) Z& 75 capsules £ Capsule 1323 (£F Python JEY X 471 Include/
pycapsule.h fll Objects/pycapsule.c),

&t
22 HENT RER: HiE

Python 72745 C § AL E LT PAM Python AURS HH BN IB 2L, XRQNEN st Al 1ist FeAL,
Efiﬁ;f SRR ER G — A, (HRAEBIT G2 o, R TM—Lgidy . X0 SO~ 3
BN

2.2.1 Kl

CPython BT 2 ¥ BT A7 Python X L PyObject * KA, 1R Python YR “BLAHiK
A7, PyObject ZEMMA G U EXI R Wreference count RRIEFGRE “FAR G BTEEr . X2 B1ERT
ORI H B RIS G ple s AR SR MR LE (O) e& Bk, BN, FEXFR EER—AEdE, WH—Irk,
HE 57— R GMRSE . XL C KBl RN

FIPA, AR E ORI SR, R AR R .

XA R AR Ol ok R, T — e/ MESER R, EAE C P REUR custom g LT —A>
£k Custom FyFT2H:
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ik XHRIRI AR E X static §EEBNES ). ATDAE A RE T k. C APLWA] PASE SCAEHE
AR AL, i PyType FromSpec () BR&L, {EALEARATTHIHE.

#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 = PyDoc_STR("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;

XA PR, X2 R TEEJ:*%@EXUL%J: AN S LT =
1. —fCustom MRUFHAEVT: X2 CustomObject G5k, B< HE Custom L HE—IK .

2. Custom RMIITH: X & CustomType L5, B T — A HEFR AT o8 AU FE £ L R RESS 72 U 2]
R B R SR A TG 2

3. W s custom Al X2 PyInit_custom EREZHITI Y custommodule SEH4,
iR —U2

typedef struct {
PyObject_HEAD
(A
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(B LEm)
{} CustomObject;

AR A E I GRF R HEI N . PyObject HEAD i il SR AR X GLA5A 1A 2 Bl I3 3L
—/N4 4 ob_base [ PyObject KRB FEL, & — AR RB RS T EI 4 (XM
ATPAZ S % Py_TYPE fl Py_REFCNT RXJ:) . I 2 A B i K11 SRR h R I g
SR iy IS SE S

Frik: YERAEZR PyObject HEAD JR¥H 5. NN 5 & FEG AR A .

;:;% Y48 TH#E PyObject _HEAD fAfig#dash, A RN Flan, WFE X T HRIER) Python 77 /5

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

B AL AR B E S

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

bi

i HEFRUT I E CO9 WS RIBIRML, VAREGRSI BT AR PyTypeObject FBL, HARZZIFATE
TR, AR AT DA G K T B E W -

1 object . h PSLERE X PyTypeObject AA WA I XHEHY FE. FAMTEA M C 4/
BRI, MBS R BRI E TN, RIS RSN

A ekt —ma, fR—TFE:

[PyVarObjectiHEADilNIT(NULL, 0)

XA R AR, PARIIR LA B4R B Y ob_base F B

[.tpfname = "custom.Custom",

AT PR o X BAEFRA TR X R BN SCARFIR L AL A BT R, Biln:

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

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

W ERAFRE S S HA, B R AR R A () 2RI R, AR B L custom
M2EAE Custom, HILIRATFRBLFRIE A custom. Custom, fi [l EIEMH 55 1 T A BT T
RIZEALE pydoc Fll pickle B R A RN TR,

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
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XFEAELE Python JIE 4 BIHIHTHY Custom LRI FHEAMLL DNTF. tp_itemsize [UHT AR/
X GRMAE HAMAE DL AR A -

fik A0SR SR HG 56 T A2 Python o B %Ak, I FLAK I 26 TR 1) 3 K ELAT IR )
tp basicsize, WA fESMEIZ RAGKITEL. fRiIZAG Python thif) FRUAHEH  bases
R RSB BT, 75 AR AR08 new__ () 7 pkmdds &tk . JRAT DU (A0
TR AR tp_basicsize (RMGRA T LEKZMIE, SHRTANY, HH%
ZIRESEIR object , BANRHAIRAGELTAIEDRRE, TR,

A TEEFR% A Py_TPFLAGS_DEFAULT,

[.tpfflags = Py_TPFLAGS_DEFAULT, }

BT BRI M AE E TR AR B IE ML . % R e 1 22407 Python 3.3 2 Bl AR08 . Anl
RARTTEHE B, VR ZOWA R AR JEAT OR 1557

AT tp_doc KRAURME— SR FAFER.

[.tp_doc = PyDoc_STR("Custom objects"), J

TR G, FATDARAE—A tp_new ALPEE: . XM T Python 773k __new__ (), {HAAJIR I
MR . FEXFFOLT, FATATLAMI APL %L PyType_GenericNew () FrRffEAUEIASCHL.

[.tp_new = PyType_GenericNew, }

7 PyInit_custom() FFHEELEACAELASE, SOPFErb i At Y 2 B ATAR 75 2 B A

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

FFRIIRIE Custom A, Sy— S8 UFFEIE BN, EIERATAEVILGI B4 NULL /Y ob_type.

Py_INCREF (&CustomType) ;

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

}

DRI E B drp . ARRATHE RS 1] Custom FERAIH Custom SLHI:

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

G N REMA R A IR T R LR UREIE 4 custom. ¢ BSCFHARE:

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

TE45 0 setup.py WISCPEAS SRIGHIA

[$ python setup.py build }

| shell W17 4 & 7F —AN1-H 7242 S0 custom. so; #EA% H 3R 1547 Python - {457 24 BEAS AT
import custom FH22i{#i ] Custom %4 .

RXFFAHE, Ffub?
BN, HETH A E SRR OB BB R, AT BRI
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51 While this documentation showcases the standard distutils module for building C extensions, it is
recommended in real-world use cases to use the newer and better-maintained 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 EEARGIRMBIEFT E

LEFAT T I 5 I — S ER AN R X AN AR Bl LR FAT A AT DA B . FRAT IR R
B AHBER custom2 SRUX LI FE:

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

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

} CustomObject;

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

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

CustomObject *self;

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

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

Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
s
self->number = 0;
I3
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;
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(B L)

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) ;

I3

return 0;

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

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
I3

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

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

bi

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

bi

EF 0
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(750
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;

}

BB A 5 2 A B
NS LBmg—HINRFA

[#include <structmember.h>

AR AT AR AL PR PERY R, IR ARSI 5 ik i -

BUAE Custom FEMKY C L5 IR Pl = AN BAIRJE YL, first. last T number. ot first 71 last 28 5205 4
FPEECHY Python F4FH: . number JEVERZ 1> C AL

X R A S5 R PR Rt B

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

} CustomObject;

ﬁfmﬁﬁﬂ‘]ﬁiﬂﬁ%ﬁﬁﬁiﬂ, TATLHEI/INOHALBERT S 1 0 BU AR . £/, WATFER R
¥

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

}

ERWIRES tp_dealloc MG:

[.tpfdealloc = (destructor) Custom_dealloc,
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W ¥ES S iE 2S5 WA Python JEMERIS | FTT4L. Py_XDECREF () A DAIEHFALBESHCA NULL f9fF 0L (GX AT
AEFE tp_new FRKRIGI KA ) . BfE EXFUE X R 2EBUK) tp_free bt (#id Py_TYPE (self) i1&
53)) REEBOTRM N HEEXMN SRR DAIAZ CustomType, FAXTRATBEE A>T 2RAYSEH

ik b ESR N % B destructor A A AT E X T Custom_dealloc %% — 4
CustomObject * &, {H tp_dealloc WREFIRE Wil Z —1> PyObject * Z¥. WA ANXEE
i, HidaeRt A g X2 C S I AR 2 35 !

FAA B — DR — DA PRI =S AR, TR T —4 to_new SCBL:

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
s
self->number = 0;
I3
return (PyObject *) self;
}

IHAE tp_new A HLHE:

[.tpinew = Custom_new, }

tp_new ALFRER 7 EOIE (M ARWIIAIL) ZEBXT4 . BAE Python M REE N _ new () k.
BEAEEE Y tp_new 5, b B2 REMSRE FM TN PyType_GenericNew (), 4
Custom RHHYEFE—ANRAFTMAIBEE . ERE T, 1A tp_new AHZRY first Ml last J&
HWAIUEAE R TE NULL A9 BRI .

tp_new ¥FEZHLFIMLAIHRE (RNER N CustomType, QRBELHILAI R —AT2) PAKFEZLH
EH G AT S50, FHEFR E A A L F] . tp_new ACFEESERREZ A B LB TFSH, H
AR ES AR S, THSEUIE AL (B C HfY tp_init B( Python ) __init B
) HERIAT.

#rik: tp_new AMEAMIM tp_init, PUNEREASSATTRAME.

tp_new SLIMAVHA] tp_alloc MALEHL N

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

T AT EE T RES RN, FRATUATEARLERATZ HiRE tp_alloc FERHHIAHA NULL.

Frik: WATBCA AT tp_alloc Mifii. Mg PyType Ready () Mt MFRATHYESAERE AT
HvE, HAEOAH object. KA ISAUHN T B BRI 23 FHC SR -

i WPREEBE—MEX tp_new (BEXTAMEIA tp_new 3 __new__ (), ALK RAAE

28 Chapter 2. R"ERE=FTHEIEYT R



Extending and Embedding Python, A {ThRZ 3.11.13

ABAT ARG 7 YR AT I b SR B T 0k . S R TS R E VR R T R 262, I B
BN tp_new, BZilid type->tp base->tp new. WIRFAXFEM, IRIGELLFEFELER 5 HE
H1 Python 72 X (281 Python TR A BETCIAIE R TAE. CHRARHIUE, R0] BE TG BHX R 1 I 5L i i

2451k TypeError, )

FATIEE LT — MRS HR N FAN 85 BT IR (W) 45 1 R

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,
&first, &last,
&self->number))
return -1;

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

}

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

}

return 0;

}

WL tp_init fH{7.

[.tpiinit = (initproc) Custom_init,

tp_init F{ZfE Python HEFE N _ init_ () F¥E. EHHRAEREXN S GRS oItk . wItA1k
PR BRI E N TSR, AT S E R ] 0 TR AR ] -1,

ANETF tp_new £bPRZR, tp_init ARIE—ESPREA @I, FEEAHER T pickle MRS TER MR
BB B __init_ (). BIRWRERZRKIHM . LT ABSAT AZEFRATRORT 4 FJEAH __init_ ()
k. W, FeATHE A B E LR AN . B FESS £irst B GRA:

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

}

HR2IX A RE A fakr . FRATWEBA RG] first MUIAMEAL, FIE A DARAEIFIZRATNS . B PA
WA DS PATRTT N first ARG sG] BEaREIE & A i 35 4 LT
AU TE R M ZAE st ok s M AE AT TR X 52

N T RFFETIT FFA TR X AT fEE, FATLP B ZAE A A5 VB A4 B AT E IR
A HEFATRT AAS 6 P AR ?

o AFRATIAHAITES A TFEOCT 1 R9IHE;
o HIAVAEX SR WA SRERLGIL A 2 G BULATR B SEZLA) FURD 1 1 9 4 b
DA R SR T AT QR R RO A
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o« b4 tp_dealloc ALIE%%V\]TB'&#?EETHWEM&E’J*&E’J?]Hﬂfréﬁléﬁﬁﬂﬁz

FATAT BEL AR R AT L0018 B N JE Ak . A LAy s URT DA X — e e 5 O 5 o SURL B Y
Hﬂ)(‘

static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

FREE SO E S tp_members A7 H:

[.tp_members = Custom_members, }

BRI SCEA R AR 2R, . DR RSORY A8 . IS N2 A & b8 72 /N
73k TfRES . section below for details.

BEO7 A Bs 2 — R TR SRR T W %5 Python JRIERIXT RE Ipik. FA T first Al last 1
AT, HENT AT ABIRIE A AE 7 Python X 4. 1Ak, X8R IEIL R AR, I3 C fadhix
9 NULLo RIGEFRATAT DAGRIEX 28 1 A BewI it NULL {f, A0SR 28 Ja M g i 28 180 A Tl i Ay

NULL.
A1 ST — AP ¥, Custom.name (), BEREAGA PR A first 71 last (HFHE

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

if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;

}

if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;

}

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

T ¥EARSEBLE g — 552 Custom (8:class:/Custom F-38) SEFIVENH— NS5 C B Hik
BREZ N LOERE NS RN EN B TS, (BRI hRITREZ M S
éﬂlﬂif SR N ESEOTH S SR %I EE N T RAT Python Jik:

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

THEREA LA first Ml last W GUZE ATAESY NULL, X2 R A ENTR DARINER, 7EIE LN E
211%%&1‘&]4%3 NI'J;LO S AR B L 533 28 o P 5 R PR (ELBR oA 77 s . FRATTRAE T 47 1/
M) X — 4

BAERANTE G S0 T I7ik, BATHEA 7 ik SCRE:

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

bi

AR ERATHE tp_dealloc AFAFH X —HLE], FIRHFRATNHBUAR SRR DK
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(W TATM T METH_NOARGS HERF 4G HI %0 A M 45 22 1% self WASMIATAT 255
HIFHIREZS tp_methods fl{i:

{.tp_methods = Custom_methods, J

o, FRATRHEFATR B T VIR A T2 . FRATRS DR B FA T 5 YA DA ENTA S BEE IR
FE R A XS R, B AR AT TR B 2 K Py_TPFLAGS_BASETYPE ¥ EN AT AR
& X

[.tpiflags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, }

FATH PyInit_custom() EAF4L N PyInit_custom2 (), ¥ PyModuleDef %At pith 44
PR, FFHH PyTypeObject Giffkrhiy s, .

e, FATEHIAN setup . py SCPARA HCH IR

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 REXTHIBRE M EARE

AT, FATRER Custom /R first Fl last PR EIATERGA RIS AEFAT E— AR
Fider, SEBIAE R first F last Wl DABCBOA IR TR (A EP0MER . FATHEF R LRI A UE
TR

#define PY_SSIZE_T_CLEAN

#include <Python.h>
#include "structmember.h"

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

(T
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(B L)

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

}

self->number = 0;

}
return (PyObject *) self;

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

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

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

I3

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

}

return 0O;

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

bi

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

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;

EF 0
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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->last);

return self->last;

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

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{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, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
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(#2 E50)
.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;

N T EGER] £irst A last J@IE, FATRO E 2 SCRERER RIS E AR KA PATF SR N T SR
B first JEPER AL

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

{

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

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
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;
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Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0O;

}

(B L)

BB B B2 — > Custom WRFN—A> “PIE”, J5#Fk— i1t FEARBIT, %P pang. (M
A SRR R SR A% 2 BRI A B B Y s U . B, 33 mT DA ofe Fei/F— 2L AR B A 5L L R

HOHR A5 P14 ) i R e S U B B S )

BCEA BRI Z LA Custom WR . FHEMPM . BriEnl A8 NULL, X AP o0 T s o bs . 76

FATBEE RS, A0SR B PRI g w3 W O A 2 AT R M &5 | & — A 515
FAEIE—A PyGetSetDef ZEHAINELA:

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

JHE tp_getset I hEME:

[.tp_getset = Custom_getsetters,

)

1E PyGetSetDef G PR G —UT@ LIHREIR “PI”. TEARGIT, JATA AL, HIHil

HAL A NULL,
FAVIBFLIE: T X 2L J@ i il b1 e

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

bi

RATETEH tp_init IR HON R AV TR

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

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

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

}

if (last) |

(Cawy

3 BAEFRATINGE first Al last ALGADR FAFER , BUAIFIRATA DO BTSSR RO/, (R, FoATHE 832 545
TRIGEB] BIEEREHCEE A R A X AT QAT , AT BEORIERE I — T4 5 T I SE B XA Gk

Friuli,
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(750
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
}
return 0;

}

WX B, RATAEMSHIAE first Fl last WA —E AN NULL DAERANTRELE LRI 1500 T %%
NULL {HKGAY . X EME R4 Py_XDECREF () W HER A AR Py_DECREF () WM. FATARE
P B H 3 G R 7E tp_dealloc SEBLHT, P HLXSEHY G IR 4L A PT RETE tp_new HRIK,
TATEFE 2 TR b5 AL bR ORI 154k BR 20 B B 24 B, SRR IR AT 2 A e —FE, FRATTIE )
setup.py AT —NERIMAE Lo

2.2.4 ZHHEMGIIR B

Python HA—W] MR IRAFEFREE A R VAR DI & (GO) BMEENTRSIIITHEBOR R S . X Fh
T OLSAEXT R PAEIRG A A B, B

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

TEXABITFH, FoAT81E8 T — NS HE SR E. LTINS mHE, B8 B — ok | HA
BW5IH. BRg RSO R NE. IB2, Python MIEIR IR IS E i & K %5 252 T 1
BRI REE

1E Custom RBIKIEHE ZAMAT, TATAVHEERBPN L A46ES] first 5 last Bt WAL, 7F
BRI ZANAR T, FATIE e F T2k custom, I H RN DARIMEE B . BT EE R
fEArf—A~, Custom XFZERH] DU ATEEE

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

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

AR IAB FEFRE Custom SLHIREHERS GC IERGI AN, AT Custom FAITH EIH
PN MRS (7 38 T — TR J 5K e 3 -

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

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

} CustomObject;

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

(ZF50)

ST E., R RE AT AR BRSO, PR AT ME AR R st T RER BT | B .
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0;

static void

(B L)

Custom_dealloc (CustomObject *self)

{
PyObject_GC_UnTrack (self);
Custom_clear (self);

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

static PyObject *
Custom_new (PyTypeObject *type,
{
CustomObject *self;
self
if (self != NULL) {
self->first
if (self->first == NULL)
Py_DECREF (self);
return NULL;

s

self->last

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

}

self->number

05
}

return (PyObject *) self;

static int
Custom_init (CustomObject *self,

{

static char *kwlist[]
PyObject *first NULL,

if

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) ;

PyObject *args,

(CustomObject *) type->tp_alloc(type,

{"first",
*last

(!PyArg_ParseTupleAndKeywords (args,

self);

PyObject *kwds)

0)7

PyUnicode_FromString("");

{

PyUnicode_FromString("");

{

PyObject *args, PyObject *kwds)

"last", "number", NULL};

NULL, *tmp;

kwds, "|UUi",
&first, &last,
&self->number))

kwlist,

22. HEMT REE: #iE




Extending and Embedding Python, & {ThRZ 3.11.13

}

return 0O;

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

number) ,

=y
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,

return -1;
}
Py_INCREF (value) ;
Py_CLEAR (self->first);
self->first value;
return 0O;

static PyObject *
Custom_getlast (CustomObject *self,
{

void *closure)

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

static int
Custom_setlast (CustomObject *self,

{

PyObject *value,

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

}

if (!PyUnicode_Check (value)) {

PyErr_SetString (PyExc_TypeError,

return -1;
}
Py_INCREF (value) ;
Py_CLEAR (self->last);
self->1last value;
return 0O;

static PyGetSetDef Custom_getsetters]|]

"Cannot delete the first attribute");

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

void *closure)

"Cannot delete the last attribute");

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

(B L)

0,

void *closure)

EF 0
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(% 750
{"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, O0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

}

B, W IrIEETERR GC B RERS S IR X 5

static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{
int vret;
if (self->first) {
vret = visit (self->first, arqg);
if (vret != 0)
return vret;
I3
if (self->last) {
vret = visit(self->last, arg);
if (vret != 0)
return vret;
I3
return 0;

}

XFREA T DUIMAERRE X5, BATEFFZEIA visit () R, ESWGBAm k. visit ()
PREEE 2% TR R AL 1B 4538 I 5 BN S arg fE RS EL. BRI —ANEH N AR H R A9 R
o] R E A

Python #2 {7 —A~Wl B 3 /i) visit K Py_VISIT() 7. (/] Py _VISIT(), AT DAdk/ME
Custom_traverse PSR T/EE:

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

Py VISIT (self->first);

Py _VISIT (self->last);

return 0O;

ik tp_traverse SLHULAURE S EEM 44 0 visit Tl arg DAEE] Py_VISIT(),

7, NIRRT R ORI BRAT AR n] AS G ERAY X 52

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

}

WS Py_CLEAR () ZEHIM . ‘B2 1E AT B 2B A 50 8 v b s | 8o ks ey B2 4y
Ko WHIRARBESEFAE R B % A NULL 2 [A{EJ@ % F i Py _XDECREF (), M@EMEMITH 284 AT GE4x [n]
PR BGZ B RS % 30 2 WSAETES | I EERIIE) -

ik ARAT A AR BRI Py_CLEAR () :

PyObject *tmp;
tmp = self->first;
(Cawy
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(B LEm)
self->first = NULL;
Py_XDECREF (tmp) ;

Jo e A, AE I 4 JE 1 B 4s 28 i ] Nevertheless, it is much easier and less error-prone to always use
Py _CLEAR () #R2 R P HEAS M. HAZERX MBI AN i ML !

BEES Custom_dealloc AIRESTEIE IRIEMERHR AT E RIS, X EWREMGER GC AT PATE R £ P S it
Ko BT GCHUME|IHITECRAZE, FATFE @S Pyobject_GC_UnTrack () Fik GC {5 EiB IR
FHREIR S . FHZFAIM A PyObject_GC_UnTrack () fll Custom_clear B HSEELREIES:

static void
Custom_dealloc (CustomObject *self)
{

PyObject_GC_UnTrack (self);

Custom_clear (self);

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

i, AR Py_TPFLAGS_HAVE_GC AR INE| SRR -

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_ TPFLAGS_HAVE_GC, }

RFEZEAZ T . WREAWE T HE LW tp_alloc B tp_free 4bPids, WA EE A IFRLIK
ICRIERE . KEZEP AR B shie i iA.

225 FAMLHMAE

B EIRA: B I R R R A T RE . BB 2 BRSSP BTk, TR R R DA 5 Hb fif
EIIHREN PyTypeObiject. fEAHY M A I =X Py TypeObject 54N FIXER .

TEARBIH AR B —ANR 5 R 1ist AU subList B, XAFRAL e A wHIE, H
FHIA —HOMY increment () J7ik T T Rede e :

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObiject;

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

self->state++;

return Pylong_FromlLong (self->state);

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

bi

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

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

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;

(B L)

AARET I, RSS2 BILA A custom R BIHERE AL BATHFE— 2 HrENTZ 8 #3225 .

typedef struct {
PyListObject list;
int state;

} SubListObject;
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URAE RTINS G 1) F2 B2 S AE TR X R R AR S — M. FZALG O B 5 R i Ik
57 PyObject_HEAD () .

24—~ Python X} 4 /& subList B SE BN, B PyObject * $§ 1 W] DA#E 42 4% Hb 53 ] % 4t
PyListObject * fll SubListObject *:

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

}

AT DAFE L1 7 B Aar B8 A A s B A dndt () ¥k

XMEATE G H A HE X tp_new fll tp_dealloc BRI BIFREE . tp_new AFEERAN HEAG
tp_alloc WXL LR BCNTE, M2TEREISEIHM HCW tp_new KA E.

PyTypeObject ¥ ;] tp_base f8E XML I, B THE TG %154 18, K I0VE X
PyList_Type 5| R BIEEFZTB BN 24 b IS ERH) 4h 4k bR K0t 5 Al

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;

}

EHH PyType Ready () ZHil, REGEMELFE LRI tp_base fifii. BIRATMNIA IR 1,
TBATER tp_alloc fl{IH TN PyType_GenericNew () -- 2 H A 4 le R ECRF S 4k K

{EAR2LIR, M PyType_Ready () HH§JZURT IR IIEIHIY P )1 5 5AHY Custom RPHE—FRE .
&
23 ELY REE: EFREAE

AEY AR R — AR IT DASE B SRy vk B T RERY AT R 4
X2 CHM pyTypeObject WYL, A 7T HIEHER 7B

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */

(Cawy
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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 */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

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

/* Assigned meaning in release 2.1 */
/* 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;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

(% 750

T

B

~

)
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(#2 E50)
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;
vectorcallfunc tp_vectorcall;
} PyTypeObject;

XHA R 276 (HRAERIL, WRREE 2R, i AR LB IA.

IEMAE IR, FATEZ DA G R BIAR Y o DA R I s kS i 7 B R
Bt AFRAIAS 2 ARG E NI G Ha (R B SCRO IR JH . 185 AR R 5 R B — M SRR 2 7 By i 1,
IR E B AR B 2

[const char *tp_name; /* For printing */ }

R T - BRI, SHIERZHTT, LS T UM HR . Sl — a7,
XIS WARAT B -

[nyssize;t tp_basicsize, tp_itemsize; /* For allocation */ }

XS BOE R IB A TIN TR X A KA 0 N 5 L2 D A7 . Python Sy T RIS K BERYZEH (A8 :
TR, udl) YNBSS, X2 te_itemsize FEAFEMI . XHBIR ISR .

{const char *tp_doc; J

R HARATABCE— B 478 (BCEERHL) . 4 RIEAE Python IR obj . __doc_ WHR[FIX B3
ERRELER
PAERATRE— T EARIITIE - KLY LRSI 75

2.3.1 KENAERER

[destructor tp_dealloc; }

MR RSB BRI A 2 H. Python ffRegR A ZE Ml By, REJR AT eR A QAR 28 8L
PAF AT SRR B PAT A, R DB E e B . XA BT A R DA 2 LR B 7w
B

static void

newdatatype_dealloc (newdatatypeobject *obj)
{

free (obj—>obj_UnderlyingDatatypePtr);
Py_TYPE (obj)—>tp_free ((PyObject *)obj);
}

URARE I SRR S, AT AR5 I 24 7 T B AT B 52 P Be 2 T i PyObject _GC_UnTrack ()
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static void

newdatatype_dealloc (newdatatypeobject *obj)

{
PyObject_GC_UnTrack (obj) ;
Py_CLEAR (obj->other_obj);

Py_TYPE (obj)—>tp_free ((PyObject *)obj);
I3

— AN BRI R B LI RO T R R CE A S . X AR T R A RS 2 R )
WH, SRSERER (MIEEFRED, NEEEAINERI RS 2 — 5 MR s . SR
AR AR AT AR 2 5 B A ) Python FUHE A4S S R MR B . 31X W] AE- S BURERR (112 1
Biige IEMRMIORI AR, RN EMEENT, RIS, NEHERETRERE .. H LGS
PyErr_Fetch () Ml PyErr_Restore () HRECELIL:

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

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

R/ WEEAERE A M P B PATIBAE R AR, 100, W ARA 2B SR B3 ol e (fF
tp_traverse MI/E{ tp_clear), XIZRBIH DR DATEE M tp_dealloc Bf#iE S el & 45, Hk, 1F
tp_dealloc H, MREGHZRA T AR IR EGIHIHEETE ., LA HEBET S 5 APT B9 H
Can b TaT B 7 B i) e AR T BE < FRR A A tp_dealloc, SEONEREAON & A AR

M Python 3.4 F-ify, EFEANTAE tp_dealloc R ZRMALERAS, T2 M HHN tp_finalize HRA)y
S UL:

PEP 442 iR TR AR LT 5
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2.3.2 WRET

1E Python i, A PRI AT DAEBOM R I AR R: repr () BRECH str (O L. (print () M2 H
B str (). ) X SEALBRAR P2 AT ALY o

reprfunc tp_repr;
reprfunc tp_str;

tp_repr APRFET WZIR B — AN FAFEE XS, Hh SR eSS flr #ZonEX. T 55
T

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

WEREAHE tp_repr AbBlg, MRRESHRHRMIE— MM ZEARY) to_name BYFARIEA AL R I HE—A5

WHIH.

tp_str PR T str () FA0 LIRK) tp_repr AMHESXTT repr () —FfE; WHLEUL, B &7 Python
RIBTERAIAT B A LB LR str () BEH . BREIYS tp_repr BMECERHIML, (HHLEREF
TR ZHEARAERN. WRARIEE tp_str, WA tp_repr AFRERRAE

MR AR R BT

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

2.3.3 BHERE

KT ] SRR R E AR X S, AR B R A T T4 8 MR B SN s 75 B8 — N RES
SR EMEREEL (MR LT EN) BEA S — R TR E RN (MR AR E ). BRE
P —PVERRIG Ol FERUIE DL R B A AL PSR #T{E ol NULL,

Python 7 F i %t @ AL BRES ;. — AN S F B B E i 22 RGeS gl Hoh — X R 5. B 22 5T —
X2 char* fERBIEAFR, Mo —XIWHZ pyObject*, AEFPpZSBIHRAT DAEEEAH A 0TS BRI 158 F1)
PR AT B SRR

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

/* ... */

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AR T 1) — SR S B S P B2 T B4R GORRAE T SCHEATARRE) | WU — 22 JH] s T i) e f it
PyObject* iRAHYJE M PR AL, A Python 2.2 JFUERT TR L Jw i JE AL BRI SE P Fa 2L T- B 58 &
R, RAEIRATAERE VR W ARBH 0 B E AR mT ez P AL IR 317
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RBRMER

REHY RBEBEH WigEr:, B4, FtaibEras “fim” e? NFREWE N0
L. 4] PyType Ready () W}, WAHUHIEJEMERIAFR.
2. ANREHFIRI BRI OB R B A REORE , WA TEAMRIR R

LR, HAFRKH R PR . BRI B AR 56 B 16 2Kt i AT AT BR A6«

24 pyType_Ready () 1A, &2 288U 5 051 H A0 =4 200 0] 0 1) 2 0 4 ) 7
[ descriptor . BEAHEIR AR I L FIRT G0 — A JBYER A . BEASRES R TR R AR A
HRN NULL, %282 0 Se B oA B AT RSB R Sk i B 1, H Hab W 241k tp_getattro Fl
tp_setattro FERREN NULL, DAt BEAZE A AL X S8 a1

FPE AR object:: KT = ANF B

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

A tp_methods AN NULL, NWELAZIFEH—4~H PyMethodDef Z5MIAH A, FH A%
H AR 2% 25 R AR g — A~ SE )

typedef struct PyMethodDef {

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

5724 Ry % R A PR () B S O VR E L — AN H s MBS FORM A LR € LR H « IBFRFETER
Em—A 854 H s B ML R A H o %R HI ml_name FBUWil NULL,
S AN RPN A E SCEE WSS LB T e . AR C ANy 2 850K, I Hysi oy =]
DA R B . R RS e SOA:

typedef struct PyMemberDef [
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

J

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

DA AR & XA file: ° structmember.h *; ‘B2 411 7] PA{#i FH bitwise-OR 2H & .

HE EE
READONLY BA BT

PY_AUDIT_READ fFiZHZ mikik—1 object._ getattr__ ®itZH{4.

TE 3.10 fUAS & 4748 ¥: RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED are deprecated.
However, READ_RESTRICTED is an alias for PY_AUDIT_READ, so fields that specify either RESTRICTED or
READ_RESTRICTED will also raise an audit event.

1] tp_members FARME M T TN A RS EA — AR UL SR AT AT AR5 2 SO Ja PR

] DATR B G A 2R R BRI SCAS R BB — I IR SR P A e . — SRR T A 4 APT AR
SHEAREHARR, A __doc_ JRHERIKBUR T4 .
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5 tp_methods F£—FE, FEH—AMH N NULL ff m1_name W§IE44H.

KBERMEIEER

HT R, X HUEIR char* ijUAR; name JESHYRALZE char* Fl PyObject * KM 12 [H] i ME
— DGl XAREI SR LTS B8z H s GIARIE R (R I AE Python 2.2 FRIEINAYIZ ] 52
Fio EMERE T AL PG R ECZ AR IR, PSR ARER S5 2 eI ShhE, Rt BA 402
it S o

tp_getattr MHH SN REFE AT EBEEL NG ERHAHNTES —1HER
__getattr_ () JIIREGIAM RGN

il

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;
}

J

PR IRBIN __setattr_ () B __delattr_ () HIERTSIHM tp_setattr AbPERY. 27TFEM
Br— N EMR, E=ESRN NULL. NHDE M B G | & E01 1 WX SS@ /R ZER,
tp_setattr ACFRERN B4k ik~ 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 MRLE

[richcmpfunc tp_richcompare; }

tp_richcompare APRESRAEFTR LTI ISBIAM . BRMUT FHRFE, Hln_ 1t 0, H£&
# PyObject_RichCompare () fil PyObject_RichCompareBool () JHH-

PR IR R FH BERE % A Python Xt flizs BAFVE A S 4L, iz HAFh Py_EQ,Py_NE,Py_LE,Py_GE,
Py LT B Py_GT Z—. ‘BN 4 5 5E Ha ATk L AN SR U B E i B iR [9] Py True B
Py_False, N HEHERVERDE SEII B 2l AT 42 LL 4 ¥ MR 0] Py_Not Implemented, B
AR E T S R [H] NULL,

R ARG, AN IR R A IV SR A 2 A AR

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

PyObject *result;
int ¢, sizel, size2;

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

(T
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sizel =

size2 =

switch (op) {

case : ¢ = sizel
case c = sizel
case : ¢ = sizel
case c = sizel
case c = sizel
case c = sizel
I3

result = ¢ ? Py_True :

Py_INCREF (result);
return result;

newdatatype omitted */

< size2;
<= size2;
== size2;
= size2;
>  size2;
>= size2;

Py_False;

objl->obj_UnderlyingDatatypePtr->size;
obj2->0bj_UnderlyingDatatypePtr->size;

break;
break;
break;
break;
break;
break;

(B L)

2.3.5 R ITH

Python SZHFZ A b 27 MSC; Wt A M I 2845 10 % 1132 LTS AE abstract AL .
XL G DR Z A2 AE Python SEIUF A B FINWOE o H5slih, Bor . BUATRIT S SON-—IF it

B4 /& Python B4 R«

AR SCOUR JE AT IN o X TF-HOBRELE A H SIS B4 A B BRI

K, BRI OE O G2 5 | Y AL BRES A AT e o X T BB A M-SR A E 2R R ik
ABOMNARERL, FAAT— DTSR G R A B %A (L B2 th AR R A A . (BRI AR 2459
FEALEAE NULL BYTEOL, PTPABCE R R A I — R LA A, (EEAR L0 AT RE PRI AR RORES )

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

WERAR A BBARBINS R AT R — AT PP X &, IR 2R 2o B CE — A2 T C 258
PyNumberMethods, PySequenceMethods B PyMappingMethods, I&iH A& FHNE . VRE 7T E
MWEIE A BEEE R . ART] DAFE Python JEACHS AT IY) Objects HIgH#REXLEXT R 44 H I R

Bl

[hashfunc tp_hash;

WERARVERESLBE LR, T8 2 S AR A S 2R ) S o] — IS A (B, T — AT ER A s

{

}

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

return result;

Py_hash_t result;

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

J

Py_hash_t &

P
—5E

JER T A S A5 B8R M tp_hash k[ -1 FOREET G, X
e R A 2RI 2 R AR A FS PR B, 0BT TR AR

[ternaryfunc tp_call;

)

PERRELSHAE “T” VREOEER B SR A, 25BR0E, W2 obd 1 2RI EIEZ AL 5511 Python
AT objl ("hello'), NPRHMLE tp_call AbFRZR,

PR B2 =28

50
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1. self 2AF RV B AR SRR . R Z obil ("hello'), W self Ay objl,
2. args RUTTAMSHICH. RATAA] PyArg_ParseTuple () RIS,

3. kwds 2 G AR X BFSEARN) FH. WRE AN NULL HARE R X EFESE WA
PyArg_ParseTupleAndKeywords () REEHSE. WRARAA SR REF S 800 E A E NULL
i, M5]1% TypeError HA —MERA R R EFSEIH L.

MR MR PR tp_call SCH:

static PyObject *

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

{
PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;

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

3

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

return result;

}

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

6 pR B AL T XS B AR S R . XN BRI K — B S, BV EATRR I i r 7 1 5
B, FRE— NG SRR, BV E IR F] NULL, tp_iter X}5F Python
__diter_ () F¥, M tp_iternext XN T Python __next__ () F¥E.
{Effiterable ¥ HWA LI tp_iter AbHEE, ZACFERS IR [0l — iterator ¥14: . N J&5 Python 2
JT N P ] — 4 S D -
o XFRPALFF LA ML IERAFNZTIEE (A5 RAICLH) , WV MERFRIAM to_iter BPAIHIF
R AN B AR RS
o HfgtE R —Rixtg (EE 2 h TERBEN 2w, BIanscrExtg) or pAE R E—A~ 48 1H)
H BI85 | R tp_iter - I HILIA N 458 tp_iternext AbPEZY.
{EAufiterator XG4 [FIFSEEE tp_iter Al tp_iternext. —ANEMRERAY tp_iter AbHRIY 23R [H]
—AEIZE R . B tp_iternext ACFRZERY 43R [ —ANHE p i ACEAER T — A0 S5
S, WREEF RN, RERCEIEERRE, W tp_iternext A PUR[E] NULL i A EF
L, B AT PATEIR ] NULL [ 56l b 209N StopIteration; bS8 o] DA A TRy ERE. a0
WA T BRI R, W tp_iternext WY R E—FH IR M NULL,

2.3.6 H5IAXE

One of the goals of Python 5575 | i SELAY H An 2 — & AVHMERE R AL S 5555 AHLHN A 2 AE ELME BRI X
% (Iangs) breAssras .

S

weakref BRI

XFT A5 IS, 9 R BB {2

1. 7E C X R AR h4F— AL T TH T35 HIALH K PyObject* FB. AR TE RSN 41T
PREFR NULL Y8 BRAIARY tp_alloc BFXRFey HBE).
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2. ff tp_weaklistoffset FAMHILER C XLLEHIK T AT B AT, oA R A
AT 7 PO B

HAMORYE, R — MU IR R G H A A a5 i B BT i 7 B

typedef struct {

PyObject_HEAD

PyObject *weakreflist; /* List of weak references */
} TrivialObject;

PABCAE S P W 2 BN R AR Y B 5

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof (TrivialObject, weakreflist),

bi

ME — B A5 Ab b FE R 0 B B R S NULL M) tp_dealloc % % 0E W AE A 55 51 Gl i 96 1
PyObject_ClearWeakRefs ()), :

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

N T 2T UM A AR B R R R B S BT AR RE T3, 5 3R CPyrhon JARAS . JEA Objects Hig, AR5
15 CPFRICIF PR E co_ N EARBEEIR R L (B, tp_richcompare). VRIFHREARALZESLBLAY o8 £
BlFs

MR BRI — DX GO VR B R BAR LBy, W PyObject_TypeCheck () B4l E
AR BT

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

}

S
T # CPython JE{CISRRAS .

https://www.python.org/downloads/source/

GitHub |-JF% CPython J5{Ci%) CPython JiH .
https://github.com/python/cpython
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24 WEC/IC++ TR

—~ CPython ) C " J@g & — P ILZHE (Fln—A4> Linux Y .so , 53 Windows ) .pyd), H&FH
—A~ SR E

HTWSA, HEFENIAE PYTHONPATH AR, HAM a4 it s 7, Wil idE Sa0d . 24065
distutils [}, 2 H shA4: BIERG ) SCH4 .
WIHAAL R B FE B AN R -

PyObject *PyInit_modulename (void)

It returns either a fully initialized module, or a PyModuleDef instance. See initializing-modules for details.

XTFAE ASCI 4 ts it 42, AR PyInit_<modulename> , $f <modulename> i Akt
M2 5. 241 ff] multi-phase-initialization I}, Foi/fii fi9F ASCII 4t b4 . LI 4G 4k R U 24 2
PyInitU_<modulename> , [fij <modulename> 754 Python ] punycode 9t , HEFSFHEH A L]
2%, 1f 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

I PAE—AB S RS 2 A, il E AR . T AR AT S R A A
i, OB I A XN TS R A S kB R 7 — A F ey S Ak EY, fE PEP 489 T
[LIEZAIRTP

2.4.1 {#FH distutils ¥33 C 1 C++ ¥ &
YRl DA distutils SR, iXJ2 Python Halrf¥). distutils 3 Fp@)E — g 6il4d, P JCiEamiedsm
distutils GLRELSEY # .

—A~ distutils AL T —PNIKBIHIA setup. py o X4 Python 3L, KZ BN R R T &L, HiEAk
LU

from distutils.core import setup, Extension

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

setup (name = 'PackageName',
version = '1.0",
description
ext_modules

'This is a demo package',
[modulel])

WS setup.py , FISCHF demo.c, BTUIT

[python setup.py build

XYPE demo. ¢, RIGTAE— AT BB demo 7EH 5K build B, KT RS, B SCHF2E
HEATHFEFE U build/1lib. system , 4FA[fE2 demo.so B{ demo.pyd .

TE: setup.py B, FrAaERA TS setup REL. ZERER] A2 AR S REEF S5, b
WG HER T 4. FRlFREEENs e THEEMITEE, PAEIEE TEHNE. EH—
MISAFFZ M, 5% Python AUJRIGELHL . SCRY ., % . 5S4 distutils [ 3CkY, FE distutils-index
KT Z distutils {9 AT R @Y AR .
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W WA E S setup (), MEE KWL BIA. H i Lol 7R setup () 11
emgmmmsﬁﬁ%*ﬂﬁ%&ﬁ,tAaéﬁEmameiﬁiﬂoW?*%iWEXTV%
4l demo , M EA—JFERL A demo . c .

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

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

BIF AL setup () FERATBOME S TIOOE S, BIEF LM UMWERNE. XY R, Hig
E T IALPARE S, include H3%, PEHS, . HOBIT 41T, distutils 32 HTHAN T S 5 5 40 4 12
e BIAAE Unix L, SRR A0 Giikanr &

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

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

TR TRARE R distatils ] A0 distatils BEIEAAE

2.4.2 HHIREYY RARIR

B R C LN P Y ﬁzﬁﬁﬁ%ﬁm~°
A Pl AR, W DA

[python setup.py install ]

B BRI ;. RSl AIsA T

[python setup.py sdist ]

ALENGOUT, TR AEIRAS A AT A A SR SO X il MANTFEST . in SCPFSEH, A manifest 1
FRAY

USRS A AT g R S Al e am al DABIE bR AT . BT ARG, AT S R
DA R SE LEAT 55

python setup.py bdist_rpm }

python setup.py bdist_dumb
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2.5 7 Windows F#33 C 1 C++ ¥ &

%5 AT EEA 48 T fa] i il Microsoft Visual C++ 1] # Python ) Windows " A HE, SR 5 B2 it o6 H
TARNUEER R R 5 E . XSt RPRE B 3& H T Windows F2J5 52 2] #4 78 Python § 2 PA J Unix F2
J G2 ) Gl A BEAE Unix 5FD Windows _|- ¥ B8 B DIA4 B 3K 4

AR A distutils 7 XORA Y AR, TN AT i iR e . RIS FHEMH C 4%
oA Python; 3 #; 4 Microsoft Visual C++,

ik XA T 2N AT 4 Python BUA S SCIF4 o X B84 AR R R XY B 5R 3E
ST, X K AR Python ARG A S Y ' REMIRIRA S B, AR B i
& Python 2.2.1, XY ¥k 22,

2.5.1 iEz\i5EA

1t Windows I Unix A4 RALHERA PR 20 (1 distutils WRAHIMEIIR, S8 T3
. distutils T8 T REZH@ B M distutils MEFIFT ALY REELRAY SO L distutils-index. 41
RARKDUFH LT EF A, IEAWFIE—F winsound FifE PERHL I H SCPF T BESARAHT B -

2.5.2 Unix #1 Windows Z [l =%

Unix 1 Windows Xt F-fURS Bz A7 IR 2 6 i 1 58 AR B9, FEReil Mg nl gh S E i 2 A,
BHE T RUR T AR G T T AR

TE Unix 1, — P4 (Cso) U A& AP RO A AU, L S HERR e h T 31 ) ek 4%
PRAEE . 243 FR A BRI i, X SCPRACURD Fh ok 26 e JORI Bt ) 4 v | R S oA i 1) A
Hh BRI AE A BT BCEL R SE B B I BEAS B — N BER AR

1E Windows Ht, —NEISHEERE (- d11) U B 5 o i@l — S AP AT o0 bR Al gL
AT . PRIAEIZ AT DLL AU AR TEs AT A T MR, U E &M T DLL kR, 7
HAEIZATIS AEAR R 2B DAL )R 1 oR B bl o

£ Unix H, HAFAE—FRPZESCIE (- a), BRERAZDXGICT (o) RIS, TEBIEILZXRICE (- so)
MR T B, BEHEAR T RE S R ILE A ANE AR IR A E I B S o BEREAR-RFAE AR X G 30
ERE; WRIE T, S S AR BN GO A U .

1 Windows W1, FPAEPiRRESS, S PARE (TRAHEE - 1ib), BESAEIRMIT Unix ) . a SCMF;
EUEELENATPAAIERN A S AERA EAUN TLEREEAS RER DR E v IR AT R Bk, IF HoRAE
DLL @i BT R 7 Ao S RRBERERS T 15k 3 AR A5 S 7 A 1 32 DA 6 71 R (45 7 DLL
IR IR 24— R AR B DLL gy, nIRELEmM— DS AR, EXRFR 2N T A7 5
DLL AR B A K Tk Le4F-5 1) DLL.

BOARARIETE R RS AN B AL B 1 C, BN M35 — U A, 7E Unix b, /R RERFA.a
TR EEEARE N B.so Fll C.sos I FECEREFEMIR, XM B A CHaulia el s o4, 1
Windows |, #iFA.d1L BFEINGIEA. Lib. M E ¥ A, 1ib BAFIENRAT BAC, A.1ib HAHE
A B RO RESITRH T Ui A FARIEREE .

1E Windows I, {#i [l S AFEA S inport spam; ‘EilARAT AT spam FGAFR, {HIE AL
B—AHMEA . #E Unix b, #5828 NFEER 2 from spam import *; Bl ASHMEIA .,

2.5. ¥ Windows t#J% C f1 C++ ¥ [& 55
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2.5.3 DLL gy3chriEH
Windows Python J27E Microsoft Visual C++ fH g : (A4 A8 W RS BT RER & THE. A0
S AR MSVCH+ .

27 Windows H 417 DLL i, /RAFURF pythonXY. 1ib A5 HEAT . T4mik 1 DLL, spam Al ni (£
] spam HHR BN C pRED, RN 24 H AR i

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

LM RE T =420 spam. ob] spam dll 1 spam.lib. Spam.dll AIEALAT Python pR%Y
(It PyArg_ParseTuple (), HEMY pythonxy. 1ib A AKITEAMAH 2 BTG4 Python 1.

%:ﬂ‘g/\ﬁU@T ni.dll (PAK .obj Fl .1ib), BEHEEUMTM spam PA K Python A $i47 3¢ Hr 4k 2] fir
EHIOESE

NRB MR S H B AR R DRI EAE AT H A (045 Python) #BREFE B RIMARHAT,
RILINE | _declspec (dllexport) , iUIHE void _declspec(dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) H1—%f,

Developer Studio XS IR Z AR A BT LI FALE, a2 (R0 il AT SR/ NE I 100K, SR E
A1, T 0 H 5 B R R R i e BN o FFIEFY msvert xx. 1ib FINEI SR
Ho
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AE KRN HZF RN CPython Z1THY

A, AR EAEAE Python MRS 110 TR RE AT, i &AL CPython iz fTIHR A B
KREGRAREF e AT AR T I 5 AR B B el — L4075

3.1 EHENAERFEA Python

B JLEE T A0 Python BEATHRE, a2 anfar i) C s %429 5% Python HYZIAE. Suid okt il DAY :
Ff Python iR AF C/C++ I AR Fp H 5 BB 3X AP AT DALE B AR 7 ) Python SR SEHL R LL I fiE
AN C 8 C++ o IBSAMRE: HanfeiF i /7 Python 45 —LERHIA, DA E il b 1A% e 12 75
Ko WRFLETIREN] Python S LRI S, AT AN R H O WAEX AT

Python IR AW T ¥ &, HARERME. RNFEZAATFET, ¥ Python I T FE 7Y £ TR 2
Python fiff#s, MM A Python i i) 427 AT HE-5 Python 584 Jo % —— M & M. AR 7 A L LE i - /R &
i i Python & AIZ T — L8 Python U4

R, #7 84 A Python, FREHRALH M FRF . M F BT EHUNFAEZ — B2 W A 1L Python MR .
2P Py_Initialize () . A LR EAYTE I 7T 0] Python (&3 Ay 94725 Z 5 BRI AW A
7 AR AT by ] R 1

P R ARy U & )L . I [H] PyRun_SimpleString () f& A—/UE Python A FAFH,
"] PyRun_SimpleFile () & A4 stdio SUAHREHAI— 34 (S R B HEEIRBIER) .
T LAY BT A 45 2 AR R AL 1 5T T Python X4 .

S

c-api-index

ARICHEAINE T Python ¥ C #2H . X A KELE(E L
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3.1.1 BEXE#RA

SRR 11) Python Hi ATH Rt LR PRI B0 35 1 o %02 1110 F 72 ST B Python B4, T 658 5
OB EEAE ., HADL T ACRS T DA AR SO PR T — 2Bt

N

#define PY_SSIZE_ T CLEAN
#include <Python.h>

int
main (int argc, char *argv([])
{
wchar_t *program = Py_Decodelocale (argv[0], NULL);
if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1) ;
}
Py_SetProgramName (program); /* optional but recommended */
Py_Initialize();
PyRun_SimpleString ("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}
PyMem_RawFree (program) ;
return 0O;

}

fEPy_Initialize () ZHl, MIZSEHH Py_SetProgramName () %L, PATE A fEREHS &2 Python iz
TR IR 2 TR, Py_Initialize () &¥I4R1k Python fERERS , SX G PRI TAE 4L 1) Python JHIAS, $TE]
B HIAFIETE . 2 )5, A Py_FinalizeEx () XHIMRELS, FETE5H  FEELSL AR P, AT RERR 2L AL
SRUFFREL Python JHIAS | 5012 M SCAGREAR BIAE . SCUF, SO A Edi%E . FIH PyRun_SimpleFile ()
BRI RT DATE 7l A S H R ER Python AU, W44 25430 PN A7 2 ) RN 28 ST A4 R 2 oA

3.1.2 SEHBBRRERANBIBRS: Hk
R TR AN AR P A TAE ] Python AUH5, (B 52/ DAz 4 5t vl i AH 24 BRI o AN 75 ZEAs 4 il
LB BARG A VE T - JLT-n] ASE BT T hRE, AU RISEEZ K C AU,

IR, RASRIEIRI, (19 Python A Python HO3 BT, LGN K 24T AR
AR W T BT, AWRA— R Python 5] C TR ILE M T 114

1. *Ff Python y%das% 45y C #83K,
2. AR EEEE AT CREF IR AR I
3. KR AR I it A C 46 Python #45X
X A Python H}, 43 QTS S X REAL :
1. 5 C a4y Python 4%,
2. AR5 BRI T Python 42 1104 BRI H
3. KR TR 1] Kt A Python B4l C 55X

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

AR BHEUMTF L Python #6458 C 2%, 2 IR4R . I3 SNEMBUE B RERE 1B 66 15 1 1AL BEES
o HTX ey SRR I DX B, 15275 A Y B AR TR R
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3.1.3 REHErA

SR H AR 2 AT Python A IR s . WUR 2% HIBKE, Python M#REARIF AL EIS
B R P AT ACH, (R — 1R i — %) -

BisAT Python A rh e SR &, AURSANTE :

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

int

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

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

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

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

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString (pModule, argv[2]);
/* pFunc is 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 + 31));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;

I3
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
I3
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_ AsLong (pValue)) ;
Py_DECREF (pValue) ;
I3
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;

}
else {
if (PyErr_Occurred())

G0
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(B LEm)
PyErr_Print () ;
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
}
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1l]);
return 1;
I3
if (Py_FinalizeEx () < 0) {
return 120;
I3
return 0;

}

J

RS SEAH argv (1] HHZk Python A%, FHAM argv (2] FEMMRE. MARIRMSHOE argv £
P HAR . AR 5T 5 SREY (MR A T PATREFFRAE call) | 3 B AT—4> Python
A, fin:

def multiply(a,b):

print ("Will compute", a, "times", b)
c =20
for i in range (0, a):
c=c+tb
return c
J
IRIGEE R IZE

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

SR HINREINT T, AP AR P, (RS 2 T Python Al C Z IR Kafe e, DA KR
HrdiiR. A Python AT B> A ILTT U5 :

Py_Initialize();

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

WItA RS 2 J5, W PyImport_TImport () M#EMA. WEEINSEE & Python F&5H, —4
Fl PyUnicode_FromString () ik sl B0 & 1 7455

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

if (pFunc && PyCallable_Check (pFunc)) {

t
Py_XDECREF (pFunc) ;

A —Hm#Ese s, s PyObject_GetAttrString () ERJBMHEAFR. WRAFRAFE, H HigH
BTG, BTt o s SRR ARSI, IR E R SEE R T . SR R A
77 2CH H Python pR%:

[pValue = PyObject_CallObject (pFunc, pArgs); }

MR BOR M, pvalue B2 NULL, S EXREPORIMERIG T 566 58 EREIZE 1 -
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3.1.4 Xtk Python ThEEHEITH R

BIHAI ML, AR Python ERERR A A RETS I B F AR YD RE. Python APL a1 4 Jfik A MHRE AR5
WX WALEUE, YRR RO s EBOTHIR AR RS UEATY . SRR A 252 %, fHib
BOR2MERE . H B iD 2 W AR ¥ R 3 1 Python fRRed: . MHC AR AE—He 7Y, ARG
— LUK L Python P5 X L8 7R, iR 4 S il Python § AR —HE. Bl

static int numargs=0;

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

}

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

}

fEmain () BRECZAFHEHA LA, FHAERM Py_Initialize () ZHHBHALA T HAE):

numargs = argc;
PyImport_ AppendInittab ("emb", &PyInit_emb) ;

XTI R4 T numargs 48 &, Il A Python fi#REES W DAV ] emb . numargs () A%, it
X e, Python AR ] PASAT AT #:4E

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

TEFLSRAY AR, XA IR B APL 225545 Python ] .
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3.1.5 7£ C++ thiir A Python

FETT DA Python i AE Cor BRFFFRZE: HUIHLBL, SSBTSUIFUT Core REEMISAIT : — A7
Crt BT, I Cre RIERRAFRIGERT . A2 Cr+ TR Python 453

3.1.6 £ Unix RFhimiF st
T AF Python fERESHIR AN N AEST . REN LRI IFSRAL S oy IS HHARSF, FealRh
Python A FERIHLE DA C BhaSY i (. so 3U1F) mEaseliy.

N T REI TR g B S S L, "TIAT pythonX. Y-config JIA, BRAEZH Python WA iy
(L ATBEAFTE python3—config WA) . MMAHILNSE, HAA TSRS HZAN:

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

$ /opt/bin/python3.11-config —-cflags
-I/opt/include/python3.11 -I/opt/include/python3.11 -Wsign-compare -DNDEBUG -
—g —fwrapv -03 -Wall

e pythonX.Y-config —--1dflags —-embed H-45 HAF I B0 1 AR

-L/opt/lib/python3.11/config-3.11-x86_64-1inux—gnu -L/opt/lib -lpython3.11 -
—lpthread -1dl -lutil -1m

$ /opt/bin/python3.11-config —--1ldflags —-embed ]

i R TR A Python ARG | SRR AL (FRAIRTE R G ZR AT H CHFEAZ ), 2T
pythonX.Y-config f§EA NS, W LBIFNR.

MR ARG RANEER CRBEGUIEXT T Unix 2P GERERG WHEH bug 45 ), SRR RSE X T
FASEEERICRY, FFHHE Python [ Makefile (Jf] sysconfig.get_makefile_filename () #F|
JRAENLE) FIgmiESE. X sysconfig MBI RAG M TR, WA g PRI G4 —=1
BB H. tban:

>>> import sysconfig

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

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

>>>

Python % FAEA R ABRIAPL /R FT o Gl T ATE REAE AR PP S BT AR s B R B 5

HAAT AL

2to3

o M AFAIER SIS, ARAE—XIILIR 22 e (6. s . RIESEH=515)
W, SRR E R MR 2 J5 . 2 Python [ ERIASR/RAT

e« Ellipsis NEFE.
X — 22 Python 2.x fURS %4464 Python 3.x MG T H , @i A6 A RS Rk I AT A+ > Ab
PRAER AN e )
2t03 IFRUEIFE N 1ib2to3; ML A SN Tools/scripts/2to3, £ 2to3-reference.

abstract base class -- fili% k%

G ELLFHR ABC, @Xduck-typing BIANFE, BHEME T e S N H =0, M N HABR TS
N hasattr () ST FRMECE MR (FIAEH BA ). ABCHIATELTI, X
HIt ek 5 HABZE, (HAWIRER isinstance () Al issubclass () FFIAR; 0L abe FibC
#4. Python HHF 7L MER ABC I TSLBIEIESSH (F£ collections.abe i) . #F (¥
numbers B ) . i (7E io i), S AL AIMESS (F£ importlib.abe Bidd). K
ATPAME A abe BiHORAIE 5 C.iY ABC.

annotation -- Fxil:

KERBEIHEAN T RENE. REUES SR IBME IR, B2 e Ve R 5 20 2/ SR
JartB AL e bR AR A T AN A ), He R R R B AR £ 2 IO . SRR K
B __annotations_ k@,

2 Wvariable annotation, function annotation, PEP 484 1 PEP 526, XTI AENH. BiES I
annotations-howto T B FARVE RS HESE 2

W

argument -- 5§

TEYH FH BR BN % 4 function (imethod ) WM{E. ZHor Wik

o RAEF A TERREOR I P T A AR AT (B0 name=) SUFEAME N WS TERTTE A ~* 195
PCHLER A 25BRUE, 3 F1 5 EPAFXF complex () WM @ T X ETSEC

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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o EEAH AET RETFSHSE MESEOTH BT 2RO RKIT K VAL 85 A i i
WA * Witerable FITCRBAL A . 2501KUL, 3 F1 5 LA R BT B S 4

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

S LR B PP B A B, 7 SRR 2 L calls — 45 BRI, BTk
SR IR AR — B RO 2 OB XA R 2 Bt

7% Wparameter REFZLH , H W ZHGESHIX AL PEP 362,

asynchronous context manager -- 535 | N 3p8 7S
AT E X aenter () fl__aexit_ () FYEERT async with )P IREE HEAT
il PEP 492 5| A,

asynchronous generator -- 525 1 ik 7%
1R [BIE Aasynchronous generator iterator A ERE. E-5H async def FXMERBARALL, &
FZATETEAE yield KB PAFE—RIIWHE asyne for JRERHEAE.
PEARTE T 5 2 1 P A N as e B, (HAESE RGO N W] BE 24 o+ F A R B R R E . WRFEEE
FER R S, T AFRRARE S S

AR AT RE L await RikRE#H asyne for L async with i,

asynchronous generator iterator -- 5335 2 ik 2% %03
asynchronous generator pRELIT R IRTS o

WERE IR Fasynchronous iterator, 4 __anext__ () J7 ¥ 2R /AT SR KT
A S B RO BB BB T A yield ikt

5 yield SFEAHLEL, 2ASmIGEH S (R AR RAERNY uy i6). %%
F AR B EREEDL __anext__ () PRk HAD T SRR A RIKE R, BN ETFAL B SE
5. 21 PEP 492 #1 PEP 525,

asynchronous iterable -- 5325 n] ZE{CRF %
— A0 PAFE async for B X L. LAETEMN __aiter_ () FIERME —
A~asynchronous iterator, H PEP 492 5| A,

asynchronous iterator -- 5325 %5028
— NPT aiter. () Ml __anext_ () FYERIXNE. _ anext_ () MR [El—Aawaitable

X5, async for AR EALRN __anext__ () FIEIHREI TSRS BB G| K —4
StopAsyncIteration F% . B PEP 492 5] A,

attribute -- B
KB AAFRAGE, RO A B A A BT . 2R, MRS o HATRPE @ 7]
A 0.a KGIHE.
WX R FVE, RERBEE LN identifiers Y AEARIE A BRI VE— RSB VAL Z AT LAY, (5 40 fd 1)
setattr (). XFERBIERTCEM T A5 Rk =0k Vi), M2t getattr () RIREL
awaitable -- n[Z5REX 4
—ANAIAE await FIRX AP HAIXISR . Al AR coroutine B2 B __await__ () FEMRXISR. S
I, PEP 492,
BDFL
CR BT ZEMBRE WP SC4EE, Bl Guido van Rossum, Python )65 % .
binary file -- —JEHISCAk:
Jfile object REMEEES F 5 AT G0 ZHERSCPFI BT AR A JERBIN (' xb, twb B rb+ ) TIF
B4, sys.stdin.buffer., sys.stdout.buffer PAJ i0.BytesIO fl gzip.GzipFile
L

TS Wext file TIRREWSIET str WRAYSIFXE

borrowed reference -- f& A 5|

7E Python f) C APT H, {5 ISR —FXI RG], (EAHZX R HAFFAZT U st
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SRS R A RS FR . BN, B3R RS T AR SR AT R B Je 1 strong reference
R E .

WEFFAE borrowed reference R Py_INCREF () PARFHEFEHIEE Hystrong reference, [RAER 4% %4
TEEAEAE AT N i G — A Z Bl B . Py _NewRef () BRECA] AR KA EE— A Hir i strong

reference.,

bytes-like object -- ‘i %%} 4
T 5 bufferobjects - H G5 C-contiguous B IRIRT 4 . XI5 TH bytes. bytearray fll array.
array X%, PARIFZEE menoryview X4, FATANI RO E L Fp “aF IR S ER A X
PR RE R AE . PRA N R SO DA Sl i B R iR A

SRR BN AS I O . XN R AE SO AR AT TSR . A ARG npokt
ZIBI 745 bytearray PAJ bytearray [ memoryview. HABAEER —#EHIBH T A
AIARRT G R R—ATE) s XA B0 138 bytes DA bytes X4 memoryview,

bytecode -- ‘7= 515
Python YRS 29 415 71705, Bl CPython ff s i 37K Python F2JF I ALY . Fariifsx
AR cpyc SO, BXORESE R TR — SO R R (W] DA AR IR T e N T )
LA R B AR R TR AL g B i virtual machine 27 1. AN Python Rl
Bl BRI A —E @A, WA —E REFEA [H] Python JiiA b 3%,

FATIL G AF T DALE dis BT SCRY 2

callable -- W] {& FI %} 4
AL G2 T AT E X 4, T RERTHY — S8 (B Wargumenr), i DAF

[callable(argumentl, argument?2, argumentN) }

function, SBR[ JEF|method &5, WIFT MM R . LHT __call () JEMFRMELHIHET
AR IR -

callback -- [n] )4

—MERS BRI PATE AR B9 A 209808 FH ) 1B RE R 4
class

RGN P SO SR ABR . 28 8 SCE R S X% R SL B T ER O e o
class variable -- 2375 i

TR E AR, I HLAURAEZERZ S BB B A Z2AE2ER L0 R IE 0 -

complex number -- £ %}
PSR G YR, o e BEER R S — A SRR — A R A . B AR (-1
WP AR) BOSEREER, BHEAEREFPE R 1, £ 1RSSR 5. Python W& T X EM LR, R
F TAREARIO 2 B A — 5 58, BN 3+15. ANREEE math FUHL YT 4 15 N 5 B
A, M cmath, BEEEHH DR ERIIEEE R E . RAREBSE A 2, AR EANTH
JUTARSH AR )

context manager -- |- F SC55 PSS
T with B4 EE Y _ _enter () Al __exit_ () FEEEEHIHREDRSHIN 4. 51 PEP
343,

context variable -- |- F {255
—FpAR L T S ) B R SR AR AN TR A8 o X D THE LR R R A7 i P B A AT e RE ]
PAHAANEPAS R A, M RSBk, —MUTEETRSa 24N LT3, mETF
SR BRI K AT S A R TR . 2L contextvars,

contiguous -- 5%
— AR AARE C & 45 Forran % SO S TSN . T4t o E C Al Fortran #E4E1) . 75—
HeEH T, Prf 2 H D AHE AF PO AR SR HOHESY . R B IRIE IS R 5 Iy . fE24E C-iE
LR, AR HES B e — R 5 U5 5% H B et . B2 7E Fortran fESEE2H
M S — ARG metke

coroutine -- fJpF¢

R T OIS — BB T BRI AT AR — R AR — KGR o PV AT DAYEF 2 A8 [ Y
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g B ABEAKE . EATEN asyne def iHAPRSLHL. 20 PEP 492,

coroutine function -- PpFE %L
R 8] —A~coroutine TR, IRER BT T asyne def iEARE X, HFATREEH await,
async for fll async with 45, XEEMEH PEP 492 5] AKY.

CPython
Python 4R 15 5 MIALYESE L, HE python.org | %A, "CPython” — i F T~ 7F 05 BLRKF 1 52 B 5 At
SEFEIGN Jython BY, IronPython £H X %I,

decorator -- 2E1Hi 7S
IR AR 55— AR R AL, B @wrapper EATE ORI T REAS e . e 1M i & L1911
35 classmethod () fll staticmethod ().
BEMAREE 2 —FiEvRRE, DUT A RS SUFETE X 2 2%

def f (arg):

f = staticmethod (f)

@staticmethod
def f (arqg):

L

Eﬁlﬁ‘]’f%ﬁiﬁiﬁﬂ%?%, {HIEF B DX . A R TS 0 s EOE SO 2858 L SC
descriptor -- {{fiiA%3%

EfELT __get__ (), __set_ () B _delete_ () HEMXE. U— K@U AR,
ERIRI T SR EE Rl A . EEEOT, M a.b RIRE. E SR —AE
BfTE a B FHIAER AT b BIXTE, B b 22— iR, WS X b e k.
PRAFR AR MRS 2 TE 2 IR Python [ 588, KR @07 2 S BLERIERG BLAY, AAEREL. 7
A FHEEME. A BSEASOE ARG 445

B AR E T ERE L5 B, 1557 descriptors BY, b a3 H 6 7

dictionary -- it
— A RIREA, A R AR B R (e BT URAEAT A __hash_ () Ml _eq_ ()
TERINTS . 75 Perl KA hash,

dictionary comprehension -- 7> i Hi: 5 5,
b P — AT E A G W T B e R IR M G R ) — R B E H k. results = {n:
n ** 2 for n in range (10) } FFAM—PHE n BH 0 ** 2 PR RPN F . S0

comprehensions.

dictionary view -- ‘2 HiL ¥ [
M dict.keys (),dict.values () flldict.items () REIFXI RPN FHME . EAHRMET
FMSLHW— DS E, X ERE Y F IS, O Ak R B As . SR s & 5 ity
BEIEMAIZ, AI{#if] 1ist (dictview) ., & dict-views,

docstring -- SCFf P AFH
TERIE . BRAEHLZ WIS D RIB B P AF S I BB T S 8am, Ha
WA AP BB __doc_ J@IEH . T e AT RENE, HitEfsr
TBOWS G 1) SRS PR R 07 B

duck-typing -- 51387
fa—FPgRFE RS, EH A KEE A HON R AR & Ho2 A B A TR R O, T2 B He ) s 0 1
Tk R (BRGNS T, RIS T A A S RN 1) B TR AR e R, %
TR R R fe i 2 8B AR IR T R 3G PE . 19 F2RA0EH T type ) B isinstance ()
Egﬂ o ((HZEYE RGBT DURE T 46 28 & AR S ) TAEAESSR ] hasattr () flEEEAFP
Yt

EAFP
ORIFEDHORVFATER D) BSOS o XA Python 3 AU 4 5 KUkE 2 B0 B al i) B U MEAFTE
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HAEARE SR B R T X R P KA AR @ Kz i try il except if4). THAH
XTI FE LBYL XAg , & LT C 47 2 HABIE S .
expression -- Fik R,
AT RASK S FAME R TEE BT e A)ihie, — 3R AT RO E . A%, JEMEvim .
EAEATERREOR LR, EAREESRE—ME. SIFZHMES AR, HAIAE SR
RFRBA . AR ERE K Wystatement, BN while, WR(EWE)E T A AEFRLA.
extension module -- §" JE
PA C 8 C++ 4Byt , i ] Python (1) C API R 515 F .0 AR RIS 3EA T 22 B,
f-string -- f-2{F
i ST A A A ETTE U o S S TN BTG 2 i Mg S v i SR | e s o G S I =R TS
I, PEP 498,
file object -- 3L %
K NA TR SCAER) APL (A read () B write () 2505 k) DA T 2RISR . RiEHA
B RART], SCHRTG AT DAAC BT BSR4 LA R B A B0 A5 e A i T ) (3 s e
B AWK, BT FIES) . USRIy R 25 R,
SC b AR SCEERT G SRR =20 ) SO, SR — i ) S PASCUR SR BT L E
U do gk, GRS REYTE )T 2 M open () B
file-like object -- UM%} 5
file object 1) [R] XiR] .
filesystem encoding and error handler -- Sk 2G4 h k% X 5T iR AL BI 2%
Python JH ok MERVE R GEMRAD 747 BR AN ] #VE R 58 i Unicode 1 4 i =0 SE ERAL FRAS -

S R G AR T A A A ARAIE RE AU AS A BEAE 128 DA BITA Fd . AR S R G gm i s X 0
VAL ARIE, W API pRERFTfE£S S| & UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () FREAI#HE H ¥k

RO R G5 R AL PR

filesystem encoding and error handler J&7F Python JEZB}E 1 PyConfig_Read () ERECEELEN: &
Z: ] PyConfig fY filesystem_encoding fil filesystem_ errors Z .

2 Wlocale encoding .
finder -- k2%
— AR A R T AR loader X4

M Python 3.3 #2FEAEM IR AT Foo%: T34 12 54X % lilE sys.meta_path i, PAKpath entry
finders it & sys .path_hooks ffiff.

2P ] 200 PEP 302, PEP 420 1 PEP 451,

floor division -- [i] | BUEER
] T A B e i BB B s . ) U IRE I AT /7 . B, a1 /7 4l
WHREHRRZ 2, M52 RN F S EERZRE 2.75 o {E (-11) // 4 2k&E -3 Fh
g -2.75 @ FHAGRIWER. UL PEP 238 ,

function -- PR
AJ DA A R B B AME R — 4B R 0] DA HAZ ABAS B A S A HAE R BRI T P A
55 Wparameter, method A function 57,

function annotation -- P& bRT:
BIEF X s B0 2 8aR [BIME A annotation

PREPREE R T 2047 BIANRAR R BIE Z 4> int SHOFHUR 1> int {H:

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

PREPR TR PR I function —7 .
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% W variable annotation F1 PEP 484, H iR T ILPIfE. %5142 7 annotations-howto DA T i F A5
B B

__future__
future 15/7], from _ future_  import <feature> ¥8/NgiSas i I RH1E A ) Python & il
R R U BB N SOk i 4w, future_ BIHSCRHICSE T RN feature B .
1A AT HAR BRAE, VR AT AR SRR AR AT I 1 O B 5 A KB R (5%
©) eI B BRI

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

garbage collection -- : J% [A] Ui
FEHON BT 1 N A 25 (Rl i #E . Python S il i 5 | I THECRT — > REAE A6 I AN TG 345 | 1 9 7
IRBIR B R RA TSR B . ATRAGEIT g bRz il S Bl licds «

generator -- 4 k7%
MR [n|—A>generator iterator WIpKEL . ERERMG L EREL, AR SETHAE yield FikzLPAME
FEAE— R INERLS for-IEFRMEE BRI next () ERELZE—TRHL.
MR AR R AL, (HAERE LSO M T RE e £ B2 R E . WRFEIHERBAKE XL,
fdi I PR DAsESBE S
generator iterator -- K 235 {CH%
generator IZI%UE)? BIEERIXT S
B> yield LGRS, ICAEYRIAC BRI TR (365 AR Y try 5A]) . 4% £
A3 REWEN, B METF AU EARSEAT (X558 U AR 46 0383 R AR 22 AR ) .
generator expression -- Zf: 5% #¢35k A
RPIERLFNRE BREERG —DEERLX, FEEE 1 keyword:! for T4], &L T—4
TEFAE R JEEA—DATkR) keyword:/if 4], PAR IR GFRIXAS N INZ BB — R IE:

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

generic function -- Z %I pR %%
SRS TR 2 B S BRAH [R] $1E 19 22 1 eR BT 01 RS o V1 st 2 ey 90808 030365 ST it 5 7 2% (1 P WA
AL
Wi 2 Wsingle dispatch R1EFS<H . functools.singledispatch () Hfigs A & PEP 443,

generic type -- {Z %1
A2 ype; A 1ist B dict KRR 482K, T R 247 FlEft,

LM 2R 427 . PEP 483, PEP 484, PEP 585 fil typing fitk,

GIL
2 W.global interpreter lock .

global interpreter lock -- 4 i FR 2% i
CPython f@REas IR I —FHLE], BHORE — i 2 A — N AAE AT Python byrecode. AL
WS BCE R ([ dict SFEENERA) HXIH L iR 24 ® L T CPython L3,
AR I B AR 2 AR AT E I, AU A T e 2 AL PR E R FFA T
i, BESORR I A BCER =5 R T AR BT S R AT T 05 A AT 55 0 4 BN A P RE A
GIL. MAbh, TEHAT VO #HAEm s 2R GIL.
PMERIBIZESE L “2ef 3 i AfiRess (REDASEANRRLRE BIUE 3L 280R) 9% 1A, WoMTE
% WL AL BRAS Th R RE S Z B . FATIACKY, JeRMERE M i S I AR AR S A 2, AT 3
INAES A

hash-based pyc -- K W71 pyc
5 R IS 98 SC AP Y Wy oA I AT A e S A IR [) 2 Al R HC AT RO 9 RS R AE SCF. S WL pye-

invalidation,
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hashable -- W[5 7
— RGP AR AE NSRS AE (BEFREA __hash__ () H¥E), FEATRARH Al
MEBFTHE (EREA _ea__ () J¥k) SN TTooA X4 . WA R G0 B A FH R g
FAH LRGSR A SME .

TG A AR SRRSO P SR AR B I A BT, PR DAk S B 2 A A PRS0 s A fE

KZHL Python HANH]AS A EAT G2 AT IS A ATAEZEAs (BIns) R i) FORTIIGAS A
AR (BIANTCAA frozenset) (M EAIRTCRI N AT A )2 ATWG A . I LR SLHl
XGRS AT A . ENTEREI —E AR (FRARRS5 A ), NS A EmE e 5
TEM id 0.

IDLE
Python YR K522 #1858 . idle J2 Python FRifi AT HLF 7 B A i MR AR P15 o

immutable -- A~ [ 28 %} 4
HAREMEAAG . AR . FAFERMIcH. XA RARERRAS . GR i
;/I\KEJB@{E, MR A EFIINT S . B FETR S S A (A R E HEAER, GIanfEh T8
Ay

import path -- S A ¥
HEMIE (B4 125 0 ) dUmMaNR, U parh based finder FIEER ST AH bR TEFRANRT,
WA EYRIEH R E sys.path, [EXRHFAEHRFTRER A F9RER __path_ J&@k.

importing -- § A
A ) Python (URSE A 55— MELH ) Python AR e T i) i 72«

importer -- S A 7%
A MBI S WS RBEE T finder XJ& T loader .

interactive -- 33 1.
Python 5 — a2 HAMFRERY , X EWE VR W] DATE MRS EE R AT T i BRI Rk, AR5 B
PATHAERLR . AFERASEIIEN FE5) python (MERA I, & AMNHEALR 335
T E R EOREE) o MR AR A B A RN AR A ) — R AEE A R T 2 G T R
“help(x)*) »

interpreted -- fiE Y
Python —@FfEREAUE T, SZMXMEMIFINET , BAMWE DA h T i g a8 A T
DA TR . X M RSO RT DAE RS T AR B M @ v AT SO s T RRAE E
HA Wi B0E 5 H R 2R, (R R P AEAs T8 18 . S Winteractive,,

interpreter shutdown -- fiEFZS G M4
LR AR, Python fRRERFRIEA— MRS TT I BOF BAL RERUIT A O A BT R, Bl s Al
BAh S NTREEN L . ERSZ WML S o X ek P E X gs e 555 | el s ag 4L
TEBPAT . AE KA BT RIS il e B B & A R, ORI RO R A FRE R (5 WL i
T PR AL SE) .

FRREAR T Z I RN main_ BOREERIE AT A E 58 AT«

iterable -- W[ ECH %
—FhRENS B AR [\ H B R I X 5 o ARBTG5 g P 4238 (W 1ist, str fil tuple
) PARHEEERFP IR dict, AT 5 DARARATE LT __iter () F{EBSEEL T sequence
WX __getitem_ () LRI HE KL,

ALERXT R AT T for TEFRPA KT 2 HADFTRE— TP A T (zip (), map (), ..)s H—A-0] ik
RIS ZEAENSEAL AN ERE iter () B, BESREHZN LRSS XAIEAREH T XHE
LA — KM DT FEFH T ERXRE, REEAFERA iter O 30F A OAHEAINTS .
for iR 4 A B NARAE FEAR L BEAE, B — AN I K 6 4% 728 8 ORAE PR I R ARAE A0 2% . B

Witerator, sequence Flgenerator ,

iterator -- YE{C%%
HRFR—ERHEROT S, EREFHERLEN _next_ () Ik GCRFHAL 25 N & AL
next ()) KRB MR BRI 248G 5] ARG % StopIteration . FXAfEMN
PG P BRI R, GRS next_ () HYERSFIRE|% StopIteration, #Eft
MUHEA _ iter_ () HEAKRRFIZERINZH S, HtEARLE B2 EAXS, o]
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BT HABTTEAX R E AWK I — D EENFIINEIRLE S 2R ER U5 R .
ZRERRTG (BN 1ist) FEARBRIR G HALZ A iter () BRELEURAE for THFR MBS & 7= A — N
FERER . QIARTE U 0L T AR 2R 25 2R ) 2 1 HE 2 BB A A e R ] — 5 AR X 42
EHERERG S TSR

W25 B & typeiter.

CPython J:BIAIYi: CPython V& 54— HIEMRAE X __iter () MR,

key function -- §t pR %l
SR PR RN PRRE R R AL, 2 BEAS IR [ ] THE P BCHEOZ A E R PR AT 4. BT, locale. strxfrm ()
AT M G DT 29 & 1 HER B
Python 2 T A fuif B s HORERIT R A 80 7 Ko K a4E min O, max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () DA
M itertools.groupby ().

H L R 2] DR EE— N R AR B, str. lower () 5T DAIAEZ0E K/ NG HEF ) dE R L. B
R IE T 1anbda FAAKRAEBIN lambda r: (r[0], r([2]). s, operator.
attrgetter (), operator.itemgetter () fll operator.methodcaller () ZHERET =1

AT THER HEPHET RPN EICE ] i e s Bl

keyword argument -- JeHE =55
Z: Wargument

lambda
HI—A i pltexpression KR IE 44 WERBREL, RIXA AR N HORME. B lambda 501 )4 N
lambda [parameters]: expression

LBYL

SERFIEPER WIS . XU S KAg ST TR B0 R A A A m R A
WIS 5 EAFP Jy s o b, HRp @ KREMH 1€ 154
TEZ SRR, LBYL FX&FE “EF” M “BRR ZBIARA M54 0. Bilan, DA
if key in mapping: return mappinglkey] A HEH FEMEEIED 5 HMLFE N mapping
HASER T key T H B o SR RN AT 3 2o e sk 4 ) EAFP 7 R ff ok o

list
—f Python [ Bsequence, BIRZ MH)FR, HEBERMTHAE S P mIEeEER, BT IT
RIBIRE AR O(1),

list comprehension -- 51| i 55X
SEBR—ANFEB) HA T A BRr TT R IR I E5 5P R — PP BB k. result = ['{:#04x}"'.
format (x) for x in range (256) if x & 2 == 0] JFAE—1 0 B 255 JLFE N+ 753k
HIEREOT Y FEAFE (0x..) M. Hop if FAJR TR, WIRAIEN range (256) HHHTA T
RE AL I

loader -- J#E 35
TR LR . BWAE X444 load_module () W, MNEESE T H—Afinder 1z17]
e S0 PEP 302, ST abstract base class ] 2=, importlib.abc.Loader,

locale encoding -- i % X RS R

7E Unix I, Ej& LC_CTYPE i& 5 XK gmtdtg =\, B Al locale.setlocale (locale.
LC_CTYPE, new_locale) F&KHE.

7 Windows |, 42 ANSI fAHS T (W1: "cp1252™).,

1 Android #1 VxWorks |, Python ffiff] "ut £-8" /EMiE S Kikgmidig=.
locale.getencoding () AR HIRARIBUE & KB4 DH% .

515 2[5l filesystem encoding and error handler

magic method -- A Jj 7k
special method W)AEIE 2[R XiH] .
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mapping -- It}
— M X HEEEREAER LI T collections.abc.Mapping B{ collections.abc.
MutableMapping IR HERTHIE HEMARAT SR . RIS T35 dict, collections.

defaultdict, collections.OrderedDict PAS collections.Counter,

meta path finder -- JCER A $k 7%
sys.meta_path B RETIR B finder. TCREIRA AR AR Spath entry finders fEHE KIRAEF A o

I importlib.abc.MetaPathFinder T ffICEAZRET HR48 A SCEl i 1.

metaclass -- JtJR
—FATRIERME . How VAL BFIELRYR, TTRNTTEZ R =ASH0F 0
IR KERAT T )0 R ) G 5 AR Pt — N BRIASE B . Python YRR 5 Z ALTE T 7T LAGI 2 H &
Mot R A PKEATREXAN TR, HYFEL I, JoS A SR sn A OUHE ) ey %2 .
EAEHH TICREUin H . WMt IREN R a0E . SO, AR5 .
L5 S I metaclasses.

method -- Jj i
TEAS TR LI RREL . WNSRAE R S — A SR TR A, s S R B R G R 2 —
Aargument GBI AN 44°H self). £ function Fnested scope.

method resolution order -- J5 i)
J7 I SERATT I 50 A 2 3 D I R AR 2R [ S SR I« 28 Python 2.3 Jy AT I 7
THEE 2.3 [ Python fig b i A S S A0 HEN

module
X5 & Python (AR —FPeH 2Ll . AR B AL ) A 4% 25 10), AT F {15 Python Xf 4. i
BenT i importing BEVERIN 2L E] Python H1,

Y Wpackage.
module spec -- Bl Bl

— e, HbhausHTmM&EBEEWHEESEAEE,. & importlib.machinery.
ModuleSpec LB,

MRO
2 Wmethod resolution order
mutable -- [ 35X} 4t
APASRFGATDATESE 10O BRFE RORL PO ORI 33 75 Wimmuiable,
named tuple -- H %504
AR “HATTH” AT TAEMAR B oo, IF B AT 25 T I8 RE R 4 FRIm ok 15 R i 2 2
S, R ST WA JALA
FLNERMET AL ICH, 035 time. localtime () Ml os.stat () WEREMH. 5H—AFT2

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

HLe AT RN EZRE (B Bisl+) . sbsh, BTt 5 2 e XM tuple 4k
HIH 2 A E AR B ORI . XFER AT AF Lo, s inT DLl 4K typing.
NamedTuple, B{E M L) K%l collections.namedtuple () A&, JF—MFRESTM
— T T4 5N B B4 JeH A Ao i

namespace -- iy 7 %3 7]
A B RS R A . A2 EA R ERFNER, AN mEmL 2w (FEh
YEZ W) . fin s a5 [RE R B 1k A4 i 58 ok SCReEE b . 140, pRi%k builtins.open 5 os.open ()
AL 4% H W 44 25 AR DX Ay o i 44 25 (8] 340 3 Ao FF A R A A ke S B I8 A o 500K 355 B 4% g m sk
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4. Bilf, random.seed () B{ itertools.islice () XFEYEIM T XL HEEH
random 5 itertools B4 BISZHLA

namespace package -- fiy %45 [ {0
PEP 420 fr5 | AR—M A AR TR 28 ipackage , fin4a 2318140 0] DA SEAAZR Y, HAlid Ty
X Hregular package ANF), FRRBEATERA __init__.py X

B[ % Wmodule,

nested scope -- iR E1EH] 1
TE—AE GER NG A RIEE 1. BN, 55— RECZ e W R BT A T AR & . 57
BB VE AN X5 A RO IR TC AL R i s S &2 B T 2 E A . 5L,
éFJ FEIEEE WHE R T4 man 4 2510 . ilid nonlocal KEFW AT E ASNZEHE.

new-style class -- J AR
X H BIE Y T S 2 B RIE M IHFRIE . 728 -1 Python fiiA /\ﬁ%fjﬂé el il
Python F#f ) RIGFK, 41 __slots__ . ks, FHE/EME. __getattribute_ (). EHE
MBS TR

object -- Xf %
Eg igﬁﬁf (BMEeE) PAKTUE TR () WEdE. object @ fEAnew-style class 1) Ti
EEREY .

(0
— PRl AR e I M A &L Python module, MAEAR Lk, B2 HA __path_ BHEMW
Python Hi .,

2 Wregular package Flnamespace package .

parameter -- J£ 5
Jfunction (3575{2) FESCH A SR, B BT A2 ) —A~argument (BHERLEIELT, £
A%, HHFES:

o positional-or-keyword: i BB, T, 88— DME R T A8 A8 AR DA £ 42 5 Ak
EARES . XE2BIARESEEL, B R foo Fil bar:

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

« positional-only: {USROZE, F8E—HAEHL A EE ANS (WRMELS il 1E R HoE
MESINRAPENZIGEE A/ FAPRESL, BIANTTRTER) posonlyl FI posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

o keyword-only: {UBRCEETE, F5&— 1 HEGH M K FE AR SE (R EF RSl A
PREE LITESH) R & AW A B S sUEE 2 AN AL BIE S Z Bi—A * e X,
BIUN AT kw_onlyl Fl1 kw_only2:

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

o var-positional: TSN E, 15 ] DARAEH— AME BRI AL E S EH B 0 (BT HeAth
ESEHZMNESEZ)G). XMESTEEEESAREIME > ke X, Bl N args:

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

o var-keyword: FIAZSCHET, 5 5E AT DARRBME R MR X T S AL (MEINTEHMTE 2 E 321 %
BYSHLIG). RFES Wl S AREIN ** RS, BIAETRER kwargs.

FEZ T VA8 E AT ie S8, AT A S SE T e S 40008 T BRI -

W& Wargument RiIEFELH . SHEESH X BIFHE LA S, inspect .Parameter 25, function
—I35PA K PEP 362,

path entry -- J&fE A Il
import path W —ANEEMANLE, SWlipath based finder [ SR IRIL S A RIS,
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path entry finder -- #5145 A N A58
F—RJJE MR sys.path_hooks (Bipath entry hook) 12 B[] finder , HARSt 42 GEi i<k path entry
o FE NI
152 importlib.abc.PathEntryFinder DA T AR A B2 IS IR 1 .

path entry hook -- #&4% A L1#)F
—FRE RS, EAERIE A A RS E path entry BB OU T BERE G sys . path_hooks
B FER [0]— path entry finder .

path based finder -- J& T ¥4 1207 TR 5%
BRAN—FP T34 12 & 48 %5, WIHE—ANimport path WA HEAR B

path-like object -- Z{FR IR} 4
RFE— DX RGNS BRI E A DL — D ERBERN) str 8 bytes X%, if
A AR — N EI T os.PathLike YMIIXTE . — AL Ff os.PathLike P X} 5 0] i i 1]
Hl os.fspath () EREFE# N str BH bytes KM RBLIKIE: os. £sdecode () Ml os.
fsencode () A B RILRIRAS str o bytes BBILER . XI5 2 PEP 519 5] A1

PEP
“Python 2" AYPELHTE . —A> PEP gije— (Bl S0k, IR Python A IARALEE,, ol
7R~ Python [ I S b BE B AR . PEP [ 24 H (O A 1 B2 AR HURS R T SR SR P 1) S P 356
i

PEP [ {48 th BB R P, WAL DO R DR S 153 LA B R A6 25T A Python B3] HRLSfE
G5 SR ENLE . PEP IS A STAEAEAE I TR L1, I CREAS [ B WARIC A SR o

%10, PEP 1.

portion -- {54y
FA I — A 24 23 A ) BRAS H S N SO A (W AT BB T —A> zip ST ), BAkE UL PEP
420,

positional argument -- {3/ & 23 %
2 Wargument ,

provisional API -- #]%¢ API
B APL 238 00A B HEBRAEARE P 1 n) J5 A AR UE Z AR I T g 11 . BRIl A R
STAERUAE, B HZEHYARONE E, T REFERL OIT A B i A BT #7105 A
W (HEAFERERZEE D). M SO AN SR IET - U APT BN Z Bl &2 &3] 1) ™
LA P B 1 K B AS A ] R S X R

B2 5 APLRUL, ]S A ARA R L el “ I m iRRJr 587 —— AT M) RE A A I
FRJL AT BB SE SRR B — b i) S5 ARA B AR T 5

DAL B AR SR VAR PR R SN WL, A TR MR I R BT B BT IR . 31 L PEP
411,

provisional package -- ¥ {0
Z: W provisional API

Python 3000
Python 3.x ZTAFKLMIMEFR (XA FAERA 3 (1 &L AR T e T ) . A B4
’—%’y‘j “PySk” .

Pythonic

TR — B AURS S04 1 Python 15 5 fei 1A KUREFIBIL ,  T0AS e (1) HoAt i v
AR RSB . Bildn, Python B AR R B £or TRAIAPRA M P — >l ik AU R H i By
AR WEHAEFBCAEXAEREG, LA Python Y AAT I S e — U7 T Rt

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

TR I Y B 515t B Pythonic #7352 X FERY:
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for piece in food:
print (piece)

P 5 P

qualified name --

—MUARCS TR PR, R SR 4 J VB A s U6 e Bl JA Y B

27, M5 X PEP 3155, W5 B9 sksoms,

BR 5 24 B X 52 4 Pk —

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

>>> C.
ICI
>>> C.D.
'C.D'
>>> C.D.meth.
'C.D.meth'

__dJqua lll&l;’vllfii

qualname

qualname_

.

J

BT 5B, 75 R G AR AR R AR5 R A A, Hoh g i

A, Bl email .mime. text:

BrA

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

name

5 V5

reference count --

XFHEAREG)5 | BERCR:  4—S X R 51 805 R0, BRI 51 14506 Python AR >k
PO A WL, (HIX 2 CPython SR —A 4R .. FRF RATPA A sys . getrefcount ()

BRCR IR [l e X S 5 | 8
regular package -- 5 L1

g B package, HIANELEH —A~ _init__ .py XM H R,

%2 Jnamespace package .

__slots__

—FNETESE AR A, JE e TS 7 S 0 P S X S R B S 1) AT 4 AT
AT, HEEMGATEARS, St AR DBIE LT R, BIAIRFE N A7 T

HH A8 R RS

sequence
—Fhiterable, "B L _ getitem
)\(T#/I\ifiﬁl}?ﬂfig% __len_
THER R dict H3HF _ getitem () fl__len

5 FAT B immutable BT AN R BEHCRE R ITTE .

collections.abc.Sequence %%%;@ESLTﬂ/\EﬂirbE’JE}% M, Bff _ _getitem

_len__ () Z4, I™WINT count (
P 2 0 W 2 BT DAGE register
HZ 5 R

set comprehension -- 4255,
A 3 — S W] IR AR SR A B BT B0 3 T R I IR [

for ¢ in 'abracadabra' if c not in
comprehensions.

single dispatch -- Y15} Jk

,index (),

GUREGN MR ET k.

'abc!

IRy
P

) BRER R R R S | T R TR ),
() ﬁfﬁ WEFHEIA list, str, tuple fll bytes 5.

O, (HEGIHICFBS AR, HoAE

) Al
()%ﬂ <> 5L

__contains___ reversed___

) RS BRI S P51 7 A 1 5 22 308

results

{c

PR ECE AT RS A d'r. B

'r|’

—Rhgeneric function 73R, HELBUREET BASRIIEBORERN -

slice -- JJJH‘
W RS TR sequence [—HR IS . YR 72

S AR CR AR, TE 1] T

74
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ANPAE S FREECE, Bl variable name[1:3:51. H55 (FAR) FRiCfENREH slice
pOE

special method -- 575 Jj ik
— iy Python F=Ui AT B 73, HIORRIEASRALA TR E AR DI WA IS5 45 . XA B 24 ARy
T RACHACTRIZ . FFIATT IR OIS DL specialnames .

statement -- %41
EARFTE (— AR “H) MR — BN DLUE— A expression B HEANHA BT
ZERY, AN if, while B for,

static type checker -- i 2K iy 2%
eI Python RS I #EAT 404, PAE IR WS GNP 545 IR M ANF T H. RS mE 2 =27 LK
typing FiH,

strong reference -- 31 5| Jl]
1E Python [ C API 1, 385|238 AHFA 5| AR BT IlAa X 25 . FEQI 2 | il
VM Py_INCREF () RIRHGEG | HMAZEMERS | HE Al @it py_DECREF () SREEME .

Py NewRef () MELAI M T RIEE— R RAGIRT I o @5, WAHER RS | A 1E e
%35 | F LA Py_DECREF () sR&L, DARESS | H R -

152 R borrowed reference,

text encoding -- AL HE
7 Python 1, — A5 fFef g —H3 Unicode UL (JEFE) U+0000--U+L10FFFF ), K T AFAH B {44
—NFLRER, BEFRERT MR

B DFRFRIFIUCH— AT INRARA “Hihd”, TG 79 P S B A B iRl i
6%”0

ARFAFE RSO FFIE Fifdds, BN ARG

text file -- SCA Lk
— MRS LS str XTGR M file object 3 H— A SCA SRS B A2 Vi 0] — AN T ) 1 A i o B
Bl Ak HHrext encoding, SCASCAFHI B FRIEACARB (e 3 'wr) FTFFR . sys.stdin,
sys.stdout PAM io.StringIO HYSLH.

7S Fbinary file T FREW LT F 9 2T 2 BSCEXTR

triple-quoted string -- — 5|2 £FHh
HREAW AEENG]S (7) S H51S C) WFE/FS. eENEDR LS RSN 515nE
P FRFR A AR, BEa 2. BNTATFRETA R NS RS LR BG5S FE|
2, HH AT B 2 AT o R [ AT, EM S SR AT R IR B A .

type
R Y E—> Python X5 J& TAH AR WARTREREA MR, BHLEEX RBYZEE, TRATS
HEM __class__ J@M, S2#d type (obj) HKIKEL.

type alias -- J3%Y3j]
—ANRAI R S, B SR HE R AR 25 R AR R4
R R R AL 2 2 2. il
def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

AT DACRE g L

Color = tuple[int, int, int]

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

Z )L typing fil PEP 484, H A3}t Ih BER AL .
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type hint -- 23878 3§: /iR
annotation AF g . FJEME. BREVIE S B0R [MEFS E TR 2,
AR B AR A2 Python RYSRGIZSK, (HEAITFFSR N EE S BAHL. BgeEtri
IDE S AUH b4 5 EAY
AR R BIEMERRBI R M T AEH typing. get_type_hints () K, {HEHAS
= AT A,
Z L typing fll PEP 484, H o5 s R RGN 4 .

universal newlines -- jifi 4 7
— PR SCATR I TS, R T A A SR A AT S R AR s Unix BIAT45 R E "\n' . Win-
dows 2% '\r\n"' PAMIAMRK Macintosh 2 %€ "\r'. Z i, PEP 278 il PEP 3116 fl bytes.
splitlines () THFHEZ MLV,

variable annotation -- 25 & bRl

it As B e 2K @ Pk i annotation
TERREAS SR SBT3 T R

class C:
field: 'annotation'
AR EAREEE AR R 42w o BInPA R A RN int RAYRA:
[count: int = 0 J

AR AR TR B TR AR L annassign —7 .
Z: W function annotation, PEP 484 1 PEP 526, H. 9 4R T lkThEE. 5145 |7 annotations-howto DL T
FR s AR ) A SR R

virtual environment -- J ] 555
— R HITE B B 0s 1T BREE,  foiF Python A1 R P22 A THEL Python 43 & LA
TR Rl — RS _Fisf T HAlL Python [V HFEF AT A .

HZN venv,

virtual machine -- B
— & SE Al TR, Python FEFIML AT AT RS g 1648 i A= Y byrecode

Zen of Python -- Python 2 #ifi
F1 i Python B it iy 5 59744, A BT RIS (X AES . &FHAERNA TR AR
b A import this”,
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i AA

XY Z H Sphinx M reStructuredText JFAEJRIY), Sphinx j&—A~% A ALBE Python SCRY I 4 5 1) SURS AE
T

AT REEZ I e, EWAETEIEE 2557, A0 Python AR o AR AR MUt TTmk, 5 P
reporting-bugs AFANMT S5 . FATHE R B ) 6 S |

RN it -
o Fred L. Drake, Jr., JR4f Python 3R T HAEZ G, RE R AEE
o T A% reStructuredText I Docutils Z4:[¥] Docutils i H ;
« Fredrik Lundh #J Alternative Python Reference i | , >/ Sphinx 242 /) 5T

B.1 Python IC#48Y kL

AHARZ X} Python 157, Python AR F Al Python SUHAT TR, [ Python JACAS /) % F) Misc/ACKS 3¢
PFAIH T3 Tk -

AT Python #E X (i AFNTTHR, Python A4 7 Mt €1 SORS——HHAMRATT!
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appeENDIX G

7 S F0iFATE

C.1 ZHHFrIm s

Python Hfif 2 # AT EAHL R 5T 4 (CWI, L, https://www.cwi.nl/ ) [#) Guido van Rossum J* 1990 4f
KW, YER—TTM ABC FiE & A . /48 Python A5 T2 ok B HA ATk, Guido {752
HETEE.

1995 4, Guido 7& ## B W BY B R B wFsE 2+ 5 (CNRI, I https://www.cnri.reston.va.us/ ) k% fhyE
Python F/)TAE, FHHEARHE LA T2 A

2000 4 H.H , Guido F1 Python #%.0>JF & [ BA %% 5] BeOpen.com 207 T BeOpen PythonLabs [#{A . [&]4E+
H, PythonLabs [#] A\ %%%] Digital Creations (&) Zope 7] ; U, https://www.zope.org/), 2001 4, Python %R
{45425 (PSF, I https://www.python.org/pst/) B37., X% AHF Python A 51 F= R A & i 3k
EFIHZ, Zope 1~ HAE e Python FR{FE G Ly BEBI ML I o

A 1 Python HUAHRIETFIRRY (A KITYRAYE L2 https://opensource.org/ ) Pt b, #iKZ %L Python
JiiAJE GPL A1 TREL TR MRAE I

RRA  RE Fn A& GPL 3% 7

09.0 % 1.2 n/a 1991-1995 CWI Pt
132152 1.2 1995-1999 CNRI =
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI w
2.1 2.0+1.6.1 2001 PSF o
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF pe
212 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =
22 BHE 2.1 2001 &4 PSF B

%1k GPL Y0 R EVE#% Python 76 GPL R 7. 5 GPL AR, JIF4 Python ¥ i EAS fLvF () % 5
JRHIREA, TG TFURF I T . GPL eV T E 1% Python T A5 ILEAE GPL R A Bk 45
BT (EE VR4
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S ARZAE Guido 55 R TARRSMNESE IS, (XL A N AT BE .

C.2 FRERs{ LAE 5 A Python BYZRFRF0ZFRMF

Python AT SCRS ) 1 V7 RT3 BT PSF 4 7T 1350

M. Python 3.8.6 JFH, ST IIZRH. HlEds SREA AT R EGE PSF VEITHIUAIE 4 % BSD # T 19
L AT

FE 4 EAE Python HEHFRAERET AR F AT X LBV AT & SRR VAT 2 N AU — 5 H . A RV
AR SE RS RS TN T A a9 78T 57530,

C.2.1 FF PYTHON 3.11.13 &Y PSF #F o] tipil

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

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

3.11.13 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 3.11.13 alone or in any derivative

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

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.11.13 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 3.11.13 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
3.11.13.

4. PSF is making Python 3.11.13 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.11.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.13
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.13, OR ANY.

—DERIVATIVE

6.

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

This License Agreement will automatically terminate upon a material.

—breach of

7.

its terms and conditions.

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

8.

third party.

By copying, installing or otherwise using Python 3.11.13, Licensee.

—agrees

to be bound by the terms and conditions of this License Agreement.

C.2.2 F§F PYTHON 2.0 fj BEOPEN.COM #F e[l

BEOPEN PYTHON FFJ5 4 A #3045 1 i)

i

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").

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.

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.

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.

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

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

(ZF 30
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http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 FF PYTHON 1.6.1 #§ CNRI #F o] il

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

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

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

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

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

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

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

Cawy

82

Appendix C. P52 F0iF T]iE




Extending and Embedding Python, A {ThRZ 3.11.13

(B L)
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 # CWI #F o] HipiY

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.13 DOCU-
MENTATION

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

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

C.3 WrREkfFa91F o] 50535

A58 Python R AT AR IR 5 =7 PR VF T RIEOANE B, 10 B AN e 3 BRI R 19
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C.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/
MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
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 ffifl T getaddrinfo () 1 getnameinfo () WIDE Hi H iG] VR SC44:H: hitps://www.wide.ad.
o/

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

Gy
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notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

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

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

C33 REEEFRS

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 Cookie &1

http.cookies FilhalS DA FEH:

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

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

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

C.3.5 HITIEER

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

Python 2.2 license.

Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode 5 UUdecode & #§

uu AL DA

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.

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

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML & 2iE A A

xmlrpc.client BEHEE DA R FEEH:

The XML-RPC client interface is

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

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

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

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

C.3.8 test_epoll

test.test_epoll B PATULHH:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

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

C.3.9 Select kqueue

select LT kqueue 3 L5 DA T R IA:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

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

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

C.3.10 SipHash24

Python/pyhash.c {452 Marek Majkowski’ %} Dan Bernstein ) SipHash24 ZB¥ERSEH . B EEGPAT
P

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

The above copyright notice and this permission notice shall be included in

(BT ID
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all copies or substantial portions of the Software.
</MIT License>

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

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

(B L)

C.3.11 strtod #0 dtoa

Python/dtoa.c CHFEMET C %L dtoa Fil strtod, T C XURE BE BUE AN FAF 5f 2 R 5640, B IR
4 B 1 David M. Gay 455 1[5 44 08 . B HiliZ S0 FTAE https://web.archive.org/web/20220517033456/http:

//www .netlib.org/fp/dtoa.c 35 . FE 2009 4E 3 H 16 H R B A JFIE ST 8 DA R BRACRIE v] 7 HE:

/*********~k***********~k****k*******~k******************************

*

* The author of this software is David M. Gay.

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

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

* % 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.
*

E

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

C.3.12 OpenSSL

WERBRAE R GRMSIRF, W hashlib, posix, ssl, crypt BIRA )] OpenSSL FEsffdmithfg. Meot,
Python [ Windows il macOS 22 A%y ] fE 2 7 OpenSSL FERJHEIAS , BT AFA AL I ALHE— 17y OpenSSL

VFAIERYEIA . XFT OpenSSL 3.0 ift % H S 2EAT A A, #9fi ] Apache ¥FH]IE v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all

(ZF50)
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other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of

this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
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use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.
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6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

pyexpat M AU 51 expat JRRIA R AR, BRIEBLE T ——with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
Cay
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EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured
——with-system-1ibffi:

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

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

R ARG EAR PR 21ib BARIFTEk N TH 8, W a5 2lib JEACR 75 DR 2110 4

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

C.3.16 cfuhash

tracemalloc {#i W F M 3L IR EL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system-libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.
Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

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

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

(B L)

C.3.18 W3C C14N X EH

test fHH) C14N 2.0 M3 4E (Lib/test/xmltestdata/c14n-20/) $EHUH W3C Mu} https://www.

w3.org/TR/xml-c14n2-testcases/ FHHHg 3 £k BSD 4] iIF & 47

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of 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 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.
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C.3.19 audioop

audioop FIELE H T SoX Ti H ) g771.c A EREATS . https://sourceforge.net/projects/sox/files/sox/12.
17.7/s0x-12.17.7 .tar.gz

B /2 Sun Microsystems, Inc. 7™ i AT JCFR B HLOE T i P T DAFS DLl 8 el e AR
Hy i FEA A} B o

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

LAY Sun YRS RS A 4 AR 32459 H. Sun Microsystems, Inc. W74 45 PhBIILE A . HEAS .
& ol 5

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

TEALAHH AL T Sun Microsystems, Inc. 35 AT A A BRI 451 2% BOHAREF IR . (B HE RS
i E 15T, EIE Sun SR AT BE A AR IR .

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

asyncio BERAPLERR R H uvloop 0.16, ‘EiEET MIT V¥ [k RATH):

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

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

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

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

RRILER B

Python 53k (3 3CkY
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

AT A © 2000 BeOpen.com., & B FIr A AUH] o

AL © 1995-2000 Corporation for National Research Initiatives., {7 85 A B .
WAL © 1991-1995 Stichting Mathematisch Centrum. % & FIrg AUF) .

A RSEBM VALV, 200 L AeF Tk,
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>>>, 63
_ future_ , 68
_ _slots__,74
4 7k
method —— F i, 75
THEE
PYTHONPATH, 53
FEA
method —- 7?:)2, 70

A

abstract base class —— #Z #%, 63

annotation -- A5, 63

argument -- H#, 63

asynchronous context manager -- 7 %}’
EFTXEEE, 64

asynchronous generator —-— B %4 i, 64

asynchronous generator iterator -- 7
¥4 R EERE, 64

asynchronous iterable -- § # 7 # & %
%, 64

asynchronous iterator -- RF¥ %R E, 64

attribute —-- &, 64

awaitable —- W &4Ex £, 64

B

BDFL, 64

binary file —- Z3t#| U, 64
borrowed reference —-- ff NG|/, 64
bytecode -- F¥H, 65

bytes-like object —-- FHAXZ, 65
C

C #%%4,65

callable -- FiHAXZ, 65
callback -- [Hif, 65

class, 65

class variable —- X% &,65
complex number -- £Z#,65
context manager —— Lt FNXEHEZE 65

context variable -- FTXZEE,65

contiguous -- # 4, 65

coroutine -- H4E, 65

coroutine function -- A& E %, 66

CPython, 66

D

decorator —— X/, 66

descriptor —- H®HE, 66

dictionary —-- FH,66

dictionary comprehension —-- ?—ﬁ}%&%“—iﬁ,
66

dictionary view -- FHAMNE, 66

docstring —- XHIFELE, 66
duck-typing —-- #FEA 66

E

EAFP, 66
expression —- Rk, 67
extension module -- # B#H, 67

F

f-string —- f-F{FH,67

file object —— XX %, 67

file-like object -- XHHR L, 67

filesystem encoding and error
handler —- Xﬁ:%%%@%ﬂﬁ
Bk AL, 67

finder —- #&E, 67

floor division —-— & BB, 67

Fortran #4065

function -- ®E#, 67

function annotation -- EEARIE, 67

G

garbage collection —— I3k, 68

generator —— 4 &4, 68
generator —— A ik £, 68
generator expression —— 4k HEFKHER, 68

generator expression —— 4 K #KAR, 68
generator iterator —— 4 K #% K E, 68
generic function —— %A ¥, 68

generic type —-- Z A, 68
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GIL, 68 B2, 45
global interpreter lock —- 4 & @ B & w4 A, 45
41, 68 object —- X£,72

H P

hash-based pyc -- #TFW%%HFH pyc, 68 parameter —— H#%,72

hashable -—- #®¥%, 69 path based finder -- HETFTEEMWERE 73
path entry —— BHEANH,T72

I path entry finder —-- BN HO&E#H %, 73

IDLE, 69 path entry hook -- EZANO#F,73

immutable -- RH LT X £, 69 path-like object —- EEXXE,73

import path —- & AK#E, 69 PEP, 73

importer -- & AZE, 69 Philbrick, Geoff, 14

importing —- &\, 69 portion -- ¥4, 73

interactive —- X %, 69 positional argument -- fi&%#(, 73

interpreted -- B, 69 provisional API -- # & API,73

interpreter shutdown -- B XH, 69 provisional package -- # &, 73

iterable —- T# x4, 69 PY_AUDIT_READ, 48

iterator —- #* X, 69 PyArg_ParseTuple (C &H%%), 12
PyArg_ParseTupleAndKeywords (C &), 14

K PyErr_Fetch (C &#), 46

key function —- & &%, 70 PyErr_Restore (C ##%), 46

keyword argument -- %4 %%, 70 PyInit_modulename (C function) ,53
PyObject_CallObject (C H%), 11
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