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CHAPTER 2

IS =T THAEY &

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

2.1 {§iJi] C 5% C++ ¥ Ji& Python

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

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

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

1M C 9 JH LI CPython, " REAIHRJGIAAEJiA Python SCBl BT AR, 7ERZEIGILT, MZlERS C
PR, SRR ARNE. 250001, WRARAN O T C FESCRGRM , IRV %% B ctypes BibkE
offi 2, MAZHOHE C AU, X AR AVFIRY Python Ui 1 C AU, 1l HLAIRSAEIEE AT . AR
GERIMCT

211 AT BT

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

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

VXA BRI B 1 RTERRIERER os BT, X LRy BT LRI 61
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B E#—A spammodule.c 3CfF. (4 L, AR —AHERM spam, WX SEHER C M
spammodule. c; QX MEHZ FAER K, AN spammi £y, WX MK SO T PAE MY spammify . c.)

SCPE R IHRI A T2 -

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

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

JEfit: BT Python AJRES E X —LUREAE L L8 R 40 b S Ma AR e Sk SCHF ) PIAL ERAS 2 S, PR IGAE A B A A 7 1
Sz H, AR LR Python . h,

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

JTAAE Python . h HgE LA O] LA 80 A Py 80 PY BIZH, CUFEFRIE S, SO SUROTIRLE R b . 5
FNEFME, T HAE Python fERES th ) 2 M, "Python.h" B & T —2FRHESL UM <stdio.h>,
<string.h>, <errno.h> fll <stdlib.h>, WHRFEILSCHAERI BRSG EATEE, EXRSHEZESEY R
Fmalloc (), free() Ml realloc (),

NN C EREEN YRR, M1 spam. system (string) WEMURIELE, GRAIMESERITEN):

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 PylLong_FromLong (sts);

}

ANEEMESESIRNIE CENPIT, B "1s —1m) FI2fLHE C MBINSHE. C RBE AW
SR, WHA TR self Fl args .

XIFLRGL KK, self ZHERIIBS R ; XTI IE MR [ % G501

args Z4 e 17—~ Python ] tuple XFRAYFEEE, KW S S8, &4 wple XY — MRS XS
Wb 4= ¥ 2 Python X4 — ZAEFATHY C pR B GE BTl 75 2 SeKF H A4y C fE. Python APT H ) bR %Y
PyArg_ParseTuple () SAASHRMIFRIFAN C(H. E M B AT A Bl E T Z ST K
FAARPERAR AR C AE R2RAL. A5 KF RS S LR .

PyArg_ParseTuple () TEFTA SHCHA IEHHZE AL H AL SER 4% WU BCEE AL s ek g Mkl B, R 1 (3

), HAEGATUSEET R (). RSO TH, BabssE S a, (508 & £0] DAFEfFR [
NULL (H5t 2 611 B L)
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2.1.2 Y FHEBASH

7r. Python fR R p A — N EBMBIB]: M — AR BGRAE, E Y Y B R A IR MR UME (GEHA
NULL f841) . S At TReds Nalr S R s A & NULL JORREAERE . A58 42
AR T R CRBME” (B raise B “ASH0) . H =R Python U™ AR B F LT
ARk 9017 L. X =MA8BEJ2 Python ' sys.exc_info () WIGRAE C FRIM ) (11§25 Python ES%
W sys BEHERSY) o TIRENTX T B R 18 0 R R

Python API ff17 S T — L i SR B B S5 B

i % M Bt & PyErr_SetString (). H & %2
PyExc_ZeroDivisionError XFEHTIE L k4. C
FRERX AT ) < B

F— A AP REGE PyErr_SetFromErrno () , (UEZ—PRENE, REHEAEAELRE R errno
W, Bl IR BGE /& PyErr_SetObject () , WEWNSE, B HAEMNEMFEEHIR. RATEEME
 Py_INCREF () I iz 2| HAth sk B S E00 g 5 | 4L

YRATVAE L PyEre_Occurred () fEAIEMBEIARIIGIL TR 2 B BE T 57 H . X RRR IS H R4, 5
BANRARA A IR 8] NULL . AR 5 AT 2R PyErr_Occurred () RAF AU e K4 14
R, POAVRIAZAEMR B A k.

B RS T R g PRI B J o A 1, f B Cak el RME GEFY NULL B -1). B
PR Z AR PyErr_* () BREL - X RO 240 g I 1o f HOR RS A 23k o] — MR SRR R
s eay N, R R PyEre_x (), MKIEHE — BEURAY SR RN IR 2 ol v S A 2 B R R L
AT — HaX MR EIA Python fERESRIT IRER, E L IYHTIATHY Python U234k i i Python
FEFF ST 52 1) S AL PR -

(FEFLERE UL, UBHA SCREAS I I L E PyEre_» (O BN SR B DRI L, I HAEX S
7o AT AKAEY o AEUZ IR A, X R ALY, TR0 R IR (F B 2 REHHRES
iy AR PR D )

AW — SR RO L T i B R, R AP AGE A R PyErr_Clear () B aHIBEH R .
C BB 24 IH ] PyErr_Clear () FIME—IHHL R UNRE AR IR L AR 24 h A Ok E
(MR M, SO R L) .

R RIWH) malloc () HH DA —AF4. malloc () (8 realloc () ) W E£E1H H & LA H
PyErr_NoMemory () iR [IFHREEHER. Ira X502 KA (Fl40 PyLong_FromLong () ) ELXAM T,
B DA AR A T H A malloc () WITEHL.

HEERER)E, BT PyArg_ParseTuple () SFEEABISL, 1 [ BEHCRAHD Y ek LI0E H AT i 1 0] (L
LARFORINT, MPA -1 FoRKM, nfF] Unix RGEHR—F.

B, MARIR P — AR R A B B B L IR B RE S8 # 4 R AT Py_XDECREF () 3§
Py_DECREF () JEH)!

Pe G| Wb A S8 sE B T AR B 4. BT A5 N E Y Python S7 # A X B [ WA B C XF 4, il
PyExc_ZeroDivisionError, WRA[PAE B E 1. 2448, KM Y0 Mok B 5 — A ZA
PyExc_TypeError JFER— XM TEIEBAT I G KRN % ] PyExc_IOError), WIRSHFIEA N
#i, PyArg_ParseTuple () HREUAH 25| K PyExc_TypeError. WRARME—ANSE LA THE
OBl 2 PN B DA JE HeAt 2544, & B ] PyExc_ValueError,

PRALAT AR AR AR SN ME— B o o 75 AR SCPR AR A B — N sx e, n:

FHEXNZMC FRB, RENR - KZR]
TR R, I8 — A Python ¥

static PyObject *SpamError;

H HAEVRI BRI AR LR 2 (Py Init_spam () HEEH— N wa g gIh fe:

21. fiifi] C g C++ §Ji£ Python 7
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PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

HE RN Python 452 spam.error . Il PyErr_NewException () BRE] PAGIE—ZE, HEZE
b Exception (RIER S — 2L APAEH NULL ), 4772 I bltin-exceptions .

[ REE R 2 QIR RAT T spamError (— A5 XA TR - N T B LBk i, 75 0] spamError
By 2 I B 1T

—21 e PyMODINIT_FUNC W%@i&i}iﬁl%ﬂ%ﬂ%&o
spam.error S I DAFEY A il it PyErr_SetString () BREGHM, WT:

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts);

2.1.3 %51
I 2 B R0 T, A% T T e A

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

WARAESHBN R PRI 508, ERFIRB] NULL G (R IR [0 G4 604 o8 R0 () 9 Bt ), IOk T
PyArg_ParseTuple () WEMFH . EHAMN I TSEN TR E2PHE N F /AR command. X2
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—MEFIR(EH HARAR AR SCE B 1 i 747 H (HBAEpRfE C o, A command B 24 97 IR iAo

const char *command),

T—ANEA ] UNIX 2GR system () , HZiBBMKSEZN AN PyArg_ParseTuple () HUH:

’sts = system (command) ;

AW spam. system () RELARI] sts FIELEH Python XF4: . il i f# H %X PyLong_FromLong ()
HeSL

’return PyLong_FromLong (sts);

FEXAEOLT , SR — RO R , (XG5 AAE Python HERLEH) .

WRARE C BREA A AR IEME GRIE void RYRRED, WIXTA K Python BRECUNIIIR M None, R
XAERE (AT PAELT Py _RETURN_NONE ZZKSCHE) -

Py_INCREF (Py_None) ;
return Py_None;

Py_None &k Python X} 4 None Xt C K. B2 —A~EIEM Python X4 i A& NULL $5%F, K
T, EEERZH T PR EWE “HR7.

2.1.4 B IjikFMoia b s

W TR spam_system () AT Python FFIH . ALSEAGSWIATIAR Python J, F%5Es XA
¥:2¢”method table” ,

static PyMethodDef SpamMethods[] = {

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

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

HEFE=ASH (METH_VARARGS ) , XMrifgE @A C MBI 6. W 3E(HFf METH_VARARGS
METH_VARARGS | METH_KEYWORDS ., {H 0 fUZFffif]l PyArg_ParseTuple () HIEIHZ&E.

SR M fi ] METH_VARARGS , BR (& % i Python f& % wple #% X 2 %, H R A MEN
PyArg_ParseTuple () #F7M#T.

METH_KEYWORDS {H#E/REZ KBTS XMIHILT C MEHERZH =4 Pyobject * XR, FRF
WS, il PyArg_ParseTupleAndKeywords () RMEMTH S4.

AT IRR AL ITRIE LRSI -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

XA R 125 AR RR RS BRI UG AL PR AL WU B R A6y %4 Py Init_name () , HA name /2
BRI T, HFi%E SO TE static , HAEBBHOCIRHL:

21. f§i[] C ok C++ )it Python 9
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PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

#= PyMODINIT_FUNC ¥ s 87y PyObject * iR [EEA, 75 T AT~ & B SR i Rr Sk s 5 R
HERR C++ KR BRI extern "C",

24 Python T IR S A spam B, PyInit_spam () A . (G X FA Python (EERBES LR C.) B
P A PyModule_Create (), ZEREISIR A —AMBIHNT G, I E T AR E SO 30 ) 05 P R B00T
SARAZF Q@M (%R &1 PyMethodDef Z5HKH4I4H ) . PyModule_Create () i&[H]—4-4f
)& P A @ BT S 55T . ' RT BE < DR R /™ R S e v 1k, BUCE TR IO Wl G AL i [m]
NULL. HJIAMEREOLAGR IR R A HA A, X PAgHE A% sys.modules Hi,

ik A Python i}, PyInit_spam () REASHHIEA, BRIERAE PyImport_Inittab FH ., BRI
HEIEEE, i PyImport_AppendInittab () , WEAYIRE BT A

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

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

/* 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;

HEfif: 2 sys.modules MFRSEIAE T AT iFRHRE]— A IERE HLAY 2 RRERS (S fork () TS

10 Chapter 2. A% —Ji THAIED




Extending and Embedding Python, %1 3.8.18

exec () ) XA LLY B BT IR . PR AT ATERI IR (0 YRR 45 A I 4

B2 R TR B2 Bt & e Python Y 1A Modules/xxmodule. c Ht, EXLEICIFN] AIIAEARAGL
A, BiEaE~] . A modulator.py 5 YEYEAS A4 THE Windows 223, ML T MR HLEY GUL, JIok
P S R RIS &R, HAT AR IS AR . B4R 7E Tools/modulator/ H 5%, £ README A
TIRARE

T AMEFERAIA spam T, xxmodule i T % Y145 1L (Python3.5 FF4R5] A), PyInit_spam &R
[n]—~ PyModuleDef £54{4& , SR )5 BIB R HUE] 5 AMLE] . 052% PEP 489 £ M Biwl iRk .

2.1.5 Gk HIuE:

TEARREM VRIS I FEZ B, ARIETHEMCEF : (1 Python RGORARIFMBER: . WAAREH Sh N
B, X TARE A B RS S MEBNLE E2E B W SHmFEY RN (2 OC++ Ik
EAT), PARAE Windows 4 BRYBIIMEE (& Windows F & thi¥ C Ao C++ Ik BH).

WERARA B s AR B RLHOR AL Python EREEH—F5Y , EALAIE e i B i, 1

T RS . s ETE Unix BRI, HFRZHARA S ( spammodule . ¢ R Bl BOTEME 40 RS &1 T
i Modules/ HEFR, BIl—478| Modules/Setup.local FRGEBIRE A

spam spammodule.o

IRJETETIZ H 3KI21T make SREHM ARG . IRWATLATE Modules/ 1 H {1 make, HZ{RULZISEH
# Makefile fF, )5z make Makefile’ fir%-. (VBB Setup SR BEXFEERAE. )

SRR BT BB A, X LEA AT A I AR B SR L, 285

’spam spammodule.o —-1X11

2.1.6 1t C vpifi}l] Python pfi%k

145Nk, Blil—HIBERE 14Tk Python A C ph%k, HLRIRMMBA M, /2 H C A Python pg
Bl XAERIERBCPCHA . WA CE ORI, B2 E S B A B RS

SEiaf)SE, Python fRRERSE LB (R RIVHAY, I 4RUE Python BREGRAL THRMER: O . GX A BRI AT
Python EAFERAE N AR 20, RA 48R P22 Python/pythonmain. ¢ Hff) —c 5. )

Y H Python pREAR 5L, 75 5C Python F2 /7 BL% i Python pRELNT S . ML AL A (Bl Rz 1) RS2 8.
LU XA R, 4R B ARAT Python pRECH S AUF5%T, HZH A (Py_INCREF ()) RHm51 Hit4k,
VRN R BN AXR. 2840, WFRET R R e ) —B4)

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");

(T IUakss)

21. fiifi] C g C++ §Ji£ Python 11
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(£ 50

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;

3

return result;

}

XA BF Kb 5 d ]l METH_VARARGS A5 i {2 f RE 2, X FEAL 3 77 ik R Ao s 10 3 3 BT & iR,
PyArg_ParseTuple () BREUSLHSEIR) SCRYAERR Iy B 40 534 o

Py_XINCREF () fll Py_XDECREF () XA~ Al 840/ b— X5 T, IF B 2407 NULL F84F i)
AT BRHIEZE 4 (IR AEXAS BN SCH temp ¥6A450 NULL), SEZ A A5 BiES % 7] Al it &5,

Bife, 428 A IR A, RFFI A C %k PyObject_CallObject (). ZREEF NS5, ENEET
TG54, $8MAERE Python X4 : R Python B4, MHSHHIFR. SEINRULHEZ—AToHIS, HKER
SEAEE . BN SEOE ] Python BREL, WIfE A NULL 8425704 Zay— S 80R M, WIEA
—ANICH ., Py_Buildvalue () 7EHAME X FERFBRE G X RFES M EA 82 A& A R 8] — A4
Jedl. Bl

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () iR [] Python X} % 4§ 4, X B & Python K % 1 & A {H.
PyObject_CallObject () & MNXHSH 5| H It L X" . TP cdelEH T2
By 3, I HAFE pyObject_CallObject () ZJG 3 Rl T Py_DECREF () .

PyEval_CallObject () MREMEEZ B BY: AR MEEMXIS: Ba2eAX5, HIEN 5]
. FroABR ARG R IR AE 2 )R A R, ARFE 20X MBI Py_DECREF (), RIEARAS B A
7 (R ARG,

EHRAEX M2 b, REER— A IR M{EAE NULL., WG, Python S EHG Kk FH .
WM PyObject_CallObject () [ C A Z7E Python A, BN 2457 BRI Bl — Mk
HIH: Python W FH 2, DAEERERSREST ENAR [R5 B, B35 1L J7 Python ARG REALFRIZ ST . WIRIX TCE
RSN A AT, WM 248 PyErr_Clear () SKiEFRFH . Bl

if (result == NULL)

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

AT BRI R AL, PRk BRI SRS PyEval_CallObject () o fERLEUIGIL T SHUIFE
H1 Python R /P4 bfYy , JEId 3 O FRA% 2 mIH s BN 5 o X PR AR BT AU B i o 73 h— LU {2
W — R AR SR, RITERATIAME Py_Buildvalue () BREUHIE tuple, 280011, JREHE
AR AT DA A A

12 Chapter 2. A% —Ji THAIED
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PyObject *arglist;

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

VER Py_DECREF (arglist) FRfEALS L HIEA, FEESIREEZ Bl BAREHE SN ER, i
Py_Buildvalue () ﬂﬁ%%ﬁi@ﬁﬂﬁf&##o

ARTE R BT IR TR B, RS HAA PyObject_Call () , RELFFFESHM S HTESE. A
i BB, ?iaﬂ]ﬁﬁﬁ Py_BuildValue () Rtk =F i,

PyObject *dict;

dict = Py_Buildvalue("{s:1}", "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 RENY e BIIS

K% PyArg_ParseTuple () WU :

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

ZH arg AR ICHRX R, A Python fZi64y C AN SHINK . format ZALUI 2 — X TAT
H, AT 5% Python C/APL F-J} 1] arg-parsing. ’TJ%?%&CE%/I\’* AL, KA ek AT

JI PyArg_ParseTuple () £kl 75221 Python SRR, AJGyEAG AL R 45 flly) C A8 bl , fnif
itﬂ%ﬂT, Tﬁﬁ%fmﬁqﬂ%m'ﬁAfF@, Iy

FERAT A A 22 B2 LAY Python XG5 A 15 k0951 AZLEBE AT T
— R BT

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

int ok;

int 1, 3;

long k, 1;

const char *s;
Py_ssize_t size;

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

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

2.1, fiiji] C o C++ ¥ Ji¢ Python 13
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ok = PyArg_ParseTuple(args, "11ls", ¢k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

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

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

f("'spam')

f('spam', 'w')

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

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

Py_complex c;

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

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

2.1.8 P R B CHE P B

K% PyArg_ParseTupleAndKeywords () mHEILITF:

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

arg 5 format JE% 5 pyArg_ParseTuple () MEUITE LH—8. kwdict TEZ2AE N5 =S5 Python i
TR X F i, kwlist JE2 )2 DA NULL 5 BP0, ERRIRIRES: AN AEEL 5%
H format W ZEAAE EAMICHL . QRHATIE, PyArg_ParseTupleAndKeywords () £ik[EE(E, HNR
WERAE 5| K18 M4 A3

MR BRI CAE S K T SR O AR, ANTE kwlist ) KB P SR 38 TypeError S,

AR B2 KT SR B TR, 3252 Geoff Philbrick (philbrick @hks.com):
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#define PY_SSIZE_T _CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

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

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

PyMODINIT_FUNC
PyInit_keywdarg (void)

{
return PyModule_Create (&keywdargmodule) ;
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2.1.9 KAt

XANRES PyArg_ParseTuple () RAAMRL, AEIUIT:

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

R — KA, 5 PyArg_ParseTuple () M, [FUEZSELnAie s As i 5 51 G A28 s 8L
AR ) . AR 9] —> Python X RIE &1k 8] C ek & ] 45 Python fUH5.

—A~5 PyArg_ParseTuple () MIARFEE, JETH AT HERE ZHE KR B —A~T04] (Python 4 BLR L EEAE N
TR TCA), A T A% 45 oAt Python BREPASEL. Py_BuildvValue () JFARERAEBITH, HEZT
1 MEX ARSI, AR FEAF S 2 MR ] None , — DS B H2R F1Z S EW X 5 .
R SRR A BN 0 o, s — A e T, FEEAFAR R LS.

Bl CZeM2RA, A2 Python {HE52):

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

"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%

TE C/IC++ BT, BT R TT8h A/ Bo A RSO heap 24 NAE. 75 C B, it % malloc () fil free ()
K. FE C++ HLZHAE new fil delete SRSCHUFFAYTIRE

4~ malloc () HMECNAEEL, RZAHEER free () BEIFI T H MR Z . WM free () ML
PEREE, WERANFRIET free O WS SEATAIE, X ATAAERRF AR AP ICEEOR AN - X
P AR o AR (] — A7 free () TG, 3 5h—IMEE-FRVI, MR A malloc ) &1
RRNFF B XM 57454t R TR ROIIAICHIEAE, core dump, HFERESH, FHRLAYATISE .

AR EE A K AR A — S8 TR AN DR AU R A LIl FEan— DR T INAFRAS, T 283108, RIS REIL
AT, BUAE— SO0 R AR 15 2l T RS T SR I A I A B2 0, ARSI B R BGR ] 1 IR

SACAEIR BRI A, Feabe s s g A . XA TR, — BEIA, R AR IR E DA 2]
R AR SRR, T BRI SO AR EOR I REA AT, B ARG (AR KU A st S8 D it s
BRBN A AR L, AR A, e AURS LT SR R/ M 2 B iR

Python jfiid malloc () Al free () W& KA NAFDECARERL, [FFRSS 200 NTF eI E F 6. it
WA 51 R T dc. R LRI BRI S — TR, TR RIS I 0 R G | SR
K, M5 HTTECH 0 I, FoRMRELBAFAERE LT, MEt ] AMER T .

Fi— IR A FH e, CHING T BB PR MR Bl B okng , TR L™ 52l A PAR D Pi#).
Bl b7 3% S O 502 PSR E IR free () o (5 —MEAURSCEE S N/, SATMX I
AXE). SRR C, B RS ARRY B SR g, 51 B R AR AR S (R % malloc () M
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free () MAUEF R, XMZ CARMEHERAD. WIFVEH —Ra MBI A SR mRs, (BAE
HIRATA G T TR T A

Python (i IEGERYT VT RS BL, WOt TORBRIEINGS . DA S R AGER . X (501 Jo s 1H0 Ea% kA
AR TORERG U, 5 VPRI — 5 . SIIRIE N G (TREE ) 09511 TAS, FrPA
DEEA P AR XTS5 TG A 2 0. SR A5 T ECE TR R e T 5 DR FR P BIXT R, BB WA ER
PG URBIXEER, RGBS TRERASMY S T .

PEPRGEI 25 PT ARSI Br R AGER I B . go BRI T A Rs 78RR (collect () BED , T H W PAYEE
ATHIHECE 2R RIS . TEIRIAR AR i, BOARE S, Wr ATEM @R 2E R, #E Unix -5 (2
$E Mac OS X) ffi il ——without-cycle-gc 3% configure A, TSGR EIMEBZER, gc Bt
AT .

Python by 514

A W% Py_INCREF (x) #l Py_DECREF ( Miélﬂﬂfréﬁzﬂﬁi*m Py_DECREF () W&7E5| T4
ik O BPRETION 4 ﬁTi{% HA AET%U“]H% free( N ipssiEupoE i Sty %B@@ﬂﬁﬁﬂéﬂ%ﬂio KT
AN H A (AR, B S A — A5 1 B Ex*éﬂﬁ%@ a4t

TR BRI - i Py_INCREF (x) fil Py_DECREF (x) ? ATHCHIA—LME. AN #HE7
— X5, K] M%ﬁ#\%l)ﬂﬁh/\ﬁ% ~/\5<T%E’Jé'lﬂﬂw+§&m>4ﬁ¢ﬂiﬁé'lﬂ%Eﬁéﬁzg S HIAEE
HIALIMM Py_DECREF () , TE5|HIATFRER . 5] A X R AR . A =FIpER b S A 15|
Ji s G < N i Py_DECREF<> o It E—MHATG I H S SENF

EFDA A5 —AWRE I S5 AR R%E N Py_DECREF () o i HIFF AR RERFA X G it
PO A I IR] o AEHHA A B G A5 05 | A R, 58 Ak i

AR5 A A2 AR R O B A kA BRSNS, s8I, a5 AR IO 0 A7 O 4 K
Wr. 5 E‘J@%)ﬁ%~%§iﬁ_ﬂéfﬁﬁﬁﬂLEMHH%EIﬁE%T CiEEE PN EE LI EPUE S

RV APA S, I Py_INCREF () . X ARXPIHT 26 M A & ARG, X o@D
WHIAESIN, T eanila & e (%ﬁé’ﬂ?)ﬁﬁ%ﬁﬁ T BE U, R R IIA E A .

AL

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

K 2% Kok BR[| — A 4151 H, #1’? SlHPAH XR. @HE, A B Z R A, Bl
PyLong_FromLong () fl Py_Buildvalue () , &fE#BHH X RLHEIWE . BHEEXNEAREEHT,
1'/J\1)572§EI%39?T%X¢%B"J%?§IH§D — AL 2 Pylong FromLong () 4P T —ANRATERIZELE, HT LR
BRI H B -

W Hm PR ERBT R R, WLy X R, fli PyObject_GetAttrString() . iX
BN G W, — A8 K BB 2 B 488 PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () ZREIRMIMICHL. FE. FH B EHE]H.

PR%L PyImport_AddModule () &R EME RS, WA RES IR FEIER XS XA AT R8I — 4
BRGNS RAAAETE sys .modules HL,

RGN Z G R AR B, GEE RS B R TF R, S Py_INCREF () 3k
AR ST A . XA A EZE G HI S PyTuple_SetItem() fl PyList_SetItem() . X4
PREIEZ LRSI X R, WS R (5 pyDict_SetItem () RHEFEASERZTIHXER, ]
2 IEFR).

2 RIB (R AN R RS AL : S TAA S I L.

S pan | HHEE A | B, BT B DA O 2R I L, 4 T AR LAt 5 B A
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Y~ C e Hiwt Python I, S MR T RIS EAE R G AEIAXRNTIA, oA mms]
A A= fis JET T AT AGRAIE S R Sl 1] o US55 | 76 AT R s Ay, s SOOI 95 N, did i

H Py_INCREF () ,

Python i ]\ C eREGR [0l (XS 525 | T Ik Z@40A 195 | 304 K R BN R BUL i 25 R o

fE R vk
AORILT, BHGINAERRICE, HAN SRR, Xl F oy R, Il sE
FHIIA F AL EX AT

BT B HNE R DL ] Py_DECREF () B AMJERXG, M AXE G5 B — oI
o B

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

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

XA REE SEfE A5 H 1ist (0], SR8 1ist (1] MH 0, BJEITaMEAMEIH. BREILER
e, (HAANE.

HATRELHIRIEA PyList_setItem() o FIFINAETIHN THEIA WA, BroAX0 | PO, pia
AL BRI 1o BAEIRBLEOR AR 1 o2 ) SORSEBl, HARBGX AN EE LT __del () Jiik.
WA RSB T T O 1, A ESER AT __del O Jrik.

WESAJ2 Python 5y, __del_ () JiIARASAATAERE Python {URY. R FIHELE bug () By item K IET|HIE,
. BBANFELES] bug () 2 _del () TIEFIN, AT PAPAT — M IEA)REEL del 1ist (0],
IR BB G RX RGN, S BRI ATr, IS item JTE5fk.

ORI, MARALE TR, A5 1 IR TR IERR AR i eR AR AT

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

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

RN EER . —NHBUAR) Python 185 7iX A~ bug (YAER, il —LL AFEE T KR E)1E C #idds b
BTN 4 __del () TELEM.

A ) R ) A R A T S L SRR A B, @7, Python R B2 AR AR TLIEHE A )y I B%
7, FAEAERBRTE Python #ANXT 425 10] . (HA A % Py_BEGIN_ALLOW_THREADS Il REHL
XA, FHIREUIH Py_END_ALLOW_THREADS . I3 %% B 2476 [H 22 VO VR A1, (5 HAh LR AR Al DAYESS:
5 VO el FALFESS . AR, Q0N RS IR BN —REAY ) A

void
bug (PyObject *1list)
{

(Rt
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PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS

...some blocking I/O call...
Py_END_ALLOW_THREADS

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

NULL 5%

W, RGNS E) KB A AR EAT] NULL 4851, I H SRR R S0 (B
PG EZ DR ) o« IR D055 | Y R 50H 3 HTER I A A T S8 I A& 0] NULL. A NULL S50
A PRI 3K 28 b M 28 3 S B AT T A 0 R A 2 LA R K - AR A BRI NULL, 2 R EORERY
TUAKSI I A6 AU IZ A T8 1% -

AR R AE “YR3K” BRI NULL, BPFERRICE]— AT HE N NULL f484F, Bk H malloc () i@
— AN RES | & S 1 R B BB

Py_INCREF () fl Py_DECREF () %% A& NULL #84t — H2, BAIHAF Py_XINCREF () FI
Py_XDECREF () J£A&3 .

TS E X RIEU % (Pytype_Check () ARl NULL f54F — FFEHL, A KRB S ELLH X
LEZ R DR A UAA AR —, A MOTRATIN. AFFAEATA NULL A A28 1A

C [ZJ%IH%]H% P SRR % C MBI SE AURBI N args) 48R &0 NULL - SEfp BB S RUEH BN —
AT

LATIH GRS NULL 4541 “WtgEE” 45 Python I RS /2 A" EAYHE IR -

2.1.11 1 C++ PG g

VERIDAE Cort FUsi 5 AL, PURA RG], ISR (Python RRREAR) BT C 4R A A R Bz
1), TR B AT M R R RO . TTUISRIL Cooe % AR HERE MBI A AP B2 Python
AR G AL BLSA I LB B0 S54RI excern "CY ., TTRAE extern "C" {...) BEF
Python kSIS A TR, FNMAE LT A5 _colusplus MELREAFIINT (FABI Crv
BB HDE G ).

2.1.12 24y it C API

MY B 7387 Y R BRI S Python (], (AT I EALE LA ARG AR T ABCH A AL ER )
B, —Ay LR a] PASE B — 2 A "collection” & L A2 B A Y1) . Wi Python 1|32, il C
APL SUVFY AL HOR A MZAES 9135, XA HHYAR G AT DA — i C e U T4 At ™ RAS e 3 61

TR ERAMRE R AFEEEGRE CofAmh static), SRt Am33crf, PAK C APTIICR . Sibx
EAEPTA Y LA 2 S 2 2] Python fRRER IR J2 W] DAIE T TARAY. AR ASL S gl vy, — M
B AT E SO — AMBLBRAN AT UL . AT UL A0 OB T4 E R S8, — L8 RGN Python fEREAR 1] 42 R iy
#23[8) (BN Windows), A EEMFEGERE I 52— IR B S AL IR (— 617 AIX), s ftn] it
AN RIS (40 Unix Z851). REEERATS e 4 Ryml Wi, ARESJE A pAs o n] 68 i R N2

SR B RENS AT i) WL MUE T R . X RE Y R L T RS HR i Il static , BRT
BEHRRIIRLeR R, el 5 HA Y AR 1 i 44 b 98 (FEBGE Ak 7 ik R A s A A FPhig) o X RIIR
BT IR o4 R H A Ty SR HA Y AT .

S MIROEA IHA KU I 205E i, S RAIEAR T, AR IR TR Z AR .
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Python F2fit T —MRFHIRHLEIR AL 2 C FUlfE & (685D, M— 9 R 7 —4>: Capsules, —> Capsule
5&—> Python Hi AL, S R-AFHRET (void * ). Capsule HAgE I C APL KA EFIVIH, (HR] AR IAL
Python X R—FEf ik, @l#, AT LASRE M Ry & 2B 4 7 o HoAh g B T AT A
B, SRPOXAAFIE, S5 Capsule ZREUEE

Capsule W[ DA ZF005 i C APL 454 Rtk . SR 0T A B 2 Capsule, 53 T4 C APL 5T DA
FERHAE— R L, B T A1 4 Capsule., AFAHAIERIUR BT A 2R3, U8 Pomisibe il

TERAREFEMR ATk, IEHIHUA IR Capsule iy 4 F R 2. AL PyCapsule_New () % DA FKIE
Z (const char *); SUVFRME A—AS NULL M4 FR, (HIRATSRAVEBRSE E — 4Pk IERb a2 1
Capsule fflt | —E e/ F B TR G 45 A WIATHY DT SUBE IR 70 PSR fir 44 1Y Capsule.,

WHKYL, Capsule JI] T555 C API, HoA 7 WAREERUIH ML :

modulename.attributename

{EF KA PyCapsule_Import () W PAGERZEAIE T Capsule $#24L1¥) C API, {UfE Capsule [t 4% 5 VSHERI .
X7 R C APL A 7 B i MR S IEH ) C APLL

R Bl R TR AR A il T IR EE 1 T3, TR R R . AP PT A C AP 5%t
BlF BIUH—) £ void feEHAYRAL R, H-OH(EASS Capsule. X W IREHCK SCPHR L T 244 BT AR
BANZRE C APL 54T & i U BT C APT AR X4~ 75 R el

SHBREYE S H spam #i, SRE—A L9 6)F B, A spam.system () N EHIZRA C FEREL
system() , (H— ¥ PySpam_System () & BTV, MIRILI & E A ZL 2 (F1 W1 spam™ F|4&EA4>
). B PySpam_System () &5 H 24 HAhy b,

PR PySpam_System () &4l C lREL, P static gifg KA HRFE:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PRI spam_system () MR B

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);

}

FEBEHRIT K, FE AT

#include <Python.h>

B SR

#define SPAM _MODULE
#include "spammodule.h"

#define HT &AL R EASH FHEL, MARE Fumbib, K2, BHPIIEL R EUL I 75T
WIHEAL C API 3841541
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PyMODINIT_FUNC
PyInit_spam(void)

{

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

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

/* 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;

"
1T

PySpam_API HHIN static ; IAMEHBLSTE PyInit_spam () S5 J5iH 4!

St spammodule . h BR—He TAE, HEZUT Frn:

#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 \

CFoiaks:)

2.1, fiiji] C o C++ ¥ Ji¢ Python 21




Extending and Embedding Python, %1 3.8.18

(£ 50

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

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

static int

import_spam(void)

{

PySpam_API = (void **)PyCapsule_Import ("spam._ C_API", 0);
return (PySpam_ API != NULL) ? 0 : -1;

}

#endif

#ifdef __cplusplus

I3
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B 7 i 5L A6 A0 AE H ) 46 Ak R H0 L 4% Y I T BR L import_spam () () A BE U5 ) B AR
PySpam_System() .

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

RXATTIAM LB SR, S0P spammodule . h id FAR. MR, WHEEELF IR L, BEAGEHZALIL,
PR AR G 242 —IR

5 T PR 42 Capsule #2243t THISMOTIEE, M TAEME7E Capsule B4 I A ICRIREIL . 7 5%
Python/C API Z:2% F 1357 capsules i1 Capsule (528 (£F Python % & 47401% Include/pycapsule.h
fl Objects/pycapsule.c),

ik
2.2 [P ERM: Fii

Python FL¥F 45 C 4" JEAIHE i PAM Python fURS H BRAL AR R AL, SXARMRINER) str Ml 1ist KA, Py
AP RSB RER — B, (HRAERTIHAZ A, R 2 T — Loy . X SRR A N4
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2.2.1 JEal

CPython 347 I § B4y Python X RAML K KA Pyobject* Az f, R4 Python Xf R Y7 HAh 2",
PyObject FEMJIRA LI TR R W reference count FIXFRIY” AN 427, RN G 5 AR b ot 0] 11 WA
$8(O) %L, Bln— B — DR, IR, SEE SR AR AN XL C AR (2
Eilly7R7. N

BrEA, BRARAHEEE SO R, T2 QR iR 42

XA R BTk, X BN — A/ IMEESE R RO, 5 ST TSR Custom 7 C 7 AR

custom B,

W X BRI E X static ¥ JREBIFIL G . WA G K i, C AP tn] DAE SCHEHE I
SRR RERAL, i PyType_FromSpec () BREL, HAEARATTEITE.

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

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = "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;

(N IUERED)
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(£ 50

}

return m;

}

XH RSy, X2 R TR E—FRent b XA SO LT =R
1. Custom ZEHIXT4 object f1 5T 1 CustomObject 454y, X2 MAE] Custom SEFSFEE—IK .

2. Customtype 4770 XJ& CustomType iR, HE LT AR R MBS, S iR i
SRIGEEAE

3. #hEAk custom fHHL: PyInit_custom ERECHINT N ) cust ommodule ZEH{A .
LER B — Y2

typedef struct {
PyObject_HEAD
} CustomObject;

XA H E XL E ). PyObject HEAD &5l il B3R OAIAE B AN S5/ R 2 1T, H DAZE X
—ERAN pyObject FEI ob_base , W& TR M ZREXT LA — 5] 5 GX ] AR 2%
Py_REFCNT Al Py_TYPE RIX4M) . HZZRAMG, M BoT DA 2

M FEEAEZ PyObject _HEAD AT . BANMING S & FESR RN B .

IR, SR TAE PyObject HEAD fEEEAN, G EINEE: Blan, a0F & LT FrifEfy Python 37 M4

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

B AL J BN R B E S

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

bi

TR ERAMT 0 E CO9 KAREIRIAG L, PAREG S BT A #Y) PyTypeObject B, HAMRZRZIRATFEX
DA, AR AT DA G 5 T B ST o

£ object . h FFSLPRE XY PyTypeObject BA M EE SCEZH 7B, BRI TERAH CHIFRMNE
SRIATE, @l HIMEA A AT EENT, BRARRh L 2 el

Aok —ma, R FE:

PyVarObject_ HEAD_INIT (NULL, 0)
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X AT AR, AR IR E AN EER 2 ob_base T

.tp_name = "custom.Custom",

AR PR o R BAEFRA TR X R BN SCAFIR 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

HE, 272N HENAT, WURERZFRAE Y PR L FR. ARG P REELE custom, KAZ
Custom, FrPAFRATRZEBIAZ BN custom. Custom, i HHEIEM SEX P HBIRFABBREE, APAH
PRINZEALE pydoc Fll pickle HHRFEZT .

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

XAFRELE Python JITE 24 GBI Custom LI E N HL L D NAT. tp_itemsize UNT AIAER/INEXF
GMAEHARE L TR A2

WA R AR A AR A JE A W AE Python b i 1384k, I HAR AR BB A 5 HEL Al 28 A [ 9
tp_basicsize, IRARWIAESIBE] 2 EAPR M. (RIZEHAE Python FPiY 2RAFFUAAEH _ bases__
HORFR R 2R BRI T, S EAEIARIIZEALN _ new_ () Jr ki B N8R AR AT DA il PR AR
AR A U B RIR SR tp_basicsize (EDRBEGILIIET, fERZEONEE, AR ATPAR), PME
BARMERIZEAC) object , BEEARS MARA BRI B 51, I P INHR/N

FHATEIEFRHI%% N Py_TPFLAGS_DEFAULT.

.tp_flags = Py_TPFLAGS_DEFAULT,

JIT A JEBER N AR E AT AR T B B o R T 22 /0FE Python 3.3 22 B UM AR 5. QAR AR
TR LRI, VR FR A A R 21T OR J 57 .

AT tp_doc KBRS FAFER.

’.tpidoc = "Custom objects", ‘

ZR XTSI, FATH LA tp_new ALBAING. XAFEHT Python Ji7A __new__ (), HEMAERX
WARE . TERXAFH, AT AR APL B4 PyType_GenericNew () FrfgfibiyERIASEEL

’.tp_new = PyType_GenericNew, ‘

BROCHER AR MRS R A S B, R T PyInit_custom () HRYRLLLAUR:

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

RARFHIIGIE Custom 262, SH— U ETEIE M A BOAE, AR ATERI IR N NULL ) ob_type.,

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;
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PORHE BB B T . X BERAT TR Custom FORBIEE Custom SLHi:

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

G N REMA R A IR T R BRI E 4 custom. ¢ B RS

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

FE4 N setup.py BISCHEH ARIGHIA

$ python setup.py build

F| shell H R 24 24— H s =4 X custom. so; #E A% H SR I i2 47 Python --- /K1 24 REWS P 4T
import custom 223 {#iff] Custom %f4:,

RXFFAHE, R ?
MR, YUETHY EE SRR IO BB RS, AU . B RN TRAL.

MR ESRASSCRYEUR T T C 9 RIFSME distutils fib, (HAE LS Sl R e 6 o Hr L4k
PRFHLF) setuptools . A KHMTAR ORI 1A SCRIRTER, aTPAT; ) Python $7 40 7 i H R4k
B

2.2.2 [ REAS BT I B 5

LA AN — LE R AN )y R X N ARG o LI FHH AT DAV BT . FRAI R —
AN custom2 RAINX LE) fiE:

#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);

(Rt

26 Chapter 2. A% —Ji THAIED



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

Extending and Embedding Python, %1 3.8.18

(£ LT
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) A
Py_DECREF (self);
return NULL;
t
self->number = 0;
;
return (PyObject *) self;
I3
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "[00i", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;
3
if (last) |
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;
3
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) {
Qi)
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PyErr_SetString (PyExc_AttributeError, "first");
return NULL;

}

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

}

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

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

bi

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

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

(Rt
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return m;

}

IR A 5 2 A B
NS LBMUE—INRFA

#include <structmember.h>

BRI AT RS BB PER A B, IR AN AR s P il i o

PUAE Custom RAU) C LEHIA A ZA B E T, first, last F1 number . 1 first Fl last 28 85205k —A4NF1
K—AZAFF Python 7R o number JE1%EZ—14~ C #£40.

X R RSP Lt B

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

} CustomObiject;

A BAEFR AT TG B TR B B, AT /N O AL FEXT S ) A BRI REJi . /0, AT B — AR
W

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

BRI tp_dealloc MG

.tp_dealloc = (destructor) Custom_dealloc,

WS e 25 Wi Python JRMEAYE | T4, Py_XDECREF () WIERHIACFRH SO NULL AU O (X 7]
AEAE tp_new FUBKRIGIN & A) o B e 8 X520 tp_free it (Gl Py_TYPE (self) FREUH
SRR KBEHOT RN TR R LM PAANE CustomType, F X4l fE J\%éééﬁ%ﬂ

Wi EFEER G destructor 2R AFKNTE LT Custom_dealloc ¥:52— CustomOb] ect *
ﬁ“‘@l fH tp_dealloc uﬁ?‘é%ﬁﬁﬁﬂ%i‘*/\ PyObject * &%, WIRANIXFEML, Jﬁl%%‘gﬁﬁtﬂ i
Ln;qFPﬁﬁF]XT%%HﬁégA»f

AR B — DR — DA =S AR, RIEFRATTERME T4 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("");

(Q9)
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if (self->first == NULL) {
Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
3

HAE tp_new MO E:

.tp_new = Custom_new,

tp_new AFAIE TR E (MARWIIAL) ZEREX4 . EFE Python FH{REEN __new_ () k. B
RFEEE L tp_new (b, L L2y BB SFEME N PyType_GenericNew (), g LI —hK
Custom KA FERAFE. FELAERL T, FATEH to_new AFLAINIRKF first Ml last @RI R AE
NULL HYERIAE

tp_new SFEZPLGILIIREL (RZERN CustomType, WERPELBILIE—AT3) PARAEZIIH
TR AR S, HUR B T @ 326, tp_new ALPRANN SR B2 AL BRI KT SH, HEALE
SEL AWK SR, MR SEUEBE a9tk (B C PRy tp_init B( Python Wi __init_ BR%L) Jrik
AT

Eff: tp_new AN WAMIAM tp_init, POAMRSGSBITRAE.

tp_new LB tp_alloc MR HL AT

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

T WA EC T BB RN, FRATAAEGREERAT Z Hik & tp_alloc FERHHIAHAN NULL,

R FRATEA BATHES tp_alloc flifi. Mi&H PyType_Ready () it MIRATRYE R OECR IR H 7
B, HPERIAHN object . KA FEBIHN 2 FH BRIA M4 FL R

MR WRARZAE — M ME tp_new (EX WML tp_new B __new__ (), AR FatfEizfT
I a8 1 07 R A AT BT DR i 1 SR T B D 0 o 0 I R S A A PR I 2R B, I R E Y
tp_new, BUZilid type->tp_base->tp_new. WIRMEAFEML, IRAYIFSEUR [FIAE A HAR Python 5 X193
4K B Python AT BETCVAIERE TAF . CREAIML, 4R0] BETCIA BB ARRY T2 LBl @ 25| K TypeError,
)

AT ST — MRS HOR NN L BT AERI IR (E ) 45 1 R 2

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

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

(R Itgkss)
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}

PyObject *first = NULL, *last = NULL, *tmp;

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

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

}

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

}

return 0;

WL tp_init 7.

.tp_init = (initproc) Custom_init,

tp_init fE{7{E Python RN __init_ () HiE. B RIEX SIS E . WIthees s i
ZALEM REFSE, AN S7E TR ] O TAE B AR ] -1,

AATF tp_new APIAINE, tp_init APHIE—E S @0, FEBRIAER T pickle BEHUN SFE# il
BB LA __init_ (). ERWREHZRIAMH . A AF T AERNN S EHH __init_ O

e BMITRXAENA, FATEA BB ER AR /NG ROTTRESHRT, PIUMRIERES first MR
M fEL
if (first) {

}

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

R RESA G . FATRBBA RG] first AR, HICE R UM FEEIXR . B0l LA
A= PATEAATT M first AR RINTHIES . S ZTaE T RE SR 2 &) A AF 25 4 IR R A
FEHANLLRE AFIs TRV RS RN THIA R

N T PREFEE I TR XA T RENE . FRA VLT B2 B A R 15 T R mig e TR 4
ISP AGE AT T DAAN A6 PRI A ?

o MFRATIABHRIES HTTEORT 1A
o MIRAVAEXT SR WEAR SRR GIL WA G BT TS FATT A ZE T AR Fr [ 5 1 o
o 2 —A> tp_dealloc ARBHVAINE AN STHFIRFFALIR M 2R AL 5 | THEU e

AT RESARRFFA ML B A R R R N . A JUAR T 2T AR X — o o ) B T 2 i OB B A

VYA R R T AR, AR ST R R R e

P AEATR I EATH L tp_dealloc MBI EGX—BUH], FOMEA 2R SRR .
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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

HRp g i 3 tp_members Fl i H:

.tp_members = Custom_members,

BB AV LA R A st VSRR AN SCRE AT R o ST IR 2 2R 12 52 /IR
TN . section below for details.

BT BB 5 2 B B SRR AT IR 45 Python JEYERXT A ik . FATHUY first il last )4 5
HFAFER, (LB AR LTS Python X5, BUAL, X LEm{kin nf ARMER, F4F C 4548 NULL.
BPBEFAT RS AGRUEIX £ B B3 BRI A f ol NULL fE, A0 Rk L J M e X 22 i B3 47 T 45 NULL

FANE LT —DEMETTIE, Custom.name (), EFFXIRAFRE L first 7 last 24 FREGHHZ .

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

}

BRI 02— M Custom (8] Custom [1728) LB —DSHH C KB IIkE 2
—EBINNE AN SR TR R EZ A BN RS, AT AN IR ZZ AT SR A 2%
ZAESHOCA SR TSR SIESF AT Python Jrik:

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

THEEIA LA ATA N first Fl last WM ATHEN NULL, RUZR N ENTR ABMER, TEEFOLT
Fﬂ‘]a‘:}%ﬁ&? NULL. SRR B LR X 28 Jm PR SR PR A (B R B A P AT ef o FRATREAE R —35 1 A
A X R

BAEFRATE 2o S 77k, FRATE 2RIk SO AL

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

bi

(W EFRA 6 A METH_NOARGS AR FE I ) A UE #3232 self LASMUATfISH0)
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HHFHIK L tp_methods F:

’.tp_methods = Custom_methods,

g, BAVREEFRA TR BT FEIRAE T2 B2 . RATRE O R B RRATH T B DAE AT A B e Bt
QU X G 2EAL, P AT 55 2 U2 Py_TPFLAGS_BASETYPE SSINE|FA TSR b

’.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

A PyInit_custom() FEf44h PyInit_custom2 (), B PyModuleDef Z5fiA it 4, If
H i PyTypeObiject ZEMk i seikks .

WeJa, FATHEFFRAIN setup. py SCHRABGBHIBH .

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 SRR T Bodhi Pk A SRS A s il

TEA/NTH, FATRRS Custom /"Bl first Fl last JEMERYBCESR M E MBOR PR . TN E— AR
Mk, SCHIARR first Al last W DAREBCOAIE AT EE EHMBR . JAIMm X LRI LR W/,

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

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

} CustomObiject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

3
return (PyObject *) self;

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

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

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

}

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

}

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;

(Rt
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3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
3
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0;
3
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->1last);
return self->last;
3
static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
;
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
3
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return O;
3
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,
Qi)
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"Return the name, combining the first and last name"
}l
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = "Custom objects",
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

N THRBRMT first Fl last BIEHSRAYIER], BATRHO B E SRR E R L T Hwe 1T 3
IR first JRIER KA

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

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

(Qi¥iE3)
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}

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

}

PR 24~ Custom WA ‘", B4 AR, ZHAS AN, (ZHa
Frbe i R AL 4 S IS AR S Y . BN, 33 AT AR Ok il B4 S5 BRURI % 5 B SRR B 4 1)
B g Tl S Y SR )

B EAR R AR Custom MR . Pr{EPAKPIEL. SBH{EN DAY NULL, FERCIE UL T R gl . 7EFRA1RY
BCEART, AR R TR R e AR e R A 2 AT W FA TR 5 A .

HATRIE A PyGet setDef ZEHARIELAL:

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

HAE tp_getset flf M E:

.tp_getset = Custom_getsetters,

1E PyGetsSetDef MR iR IG—W2 BRI P FEARGIY, RAEAHEHEE, HIERMIHR
f£ A\ NULL,

FRATIEAE B 1 X LR P4 18 DA E

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

bi

FATEFLNRF to_init ABAIRTE RN R AR vife AT 4Fd

3 BUAEFRATVANGE first il last i GUAR R TR, PRI VFRRATT AT OGBS B M5 RTECR NG, B2, RATIE P2 7R T2
ISl BIVRORE I A0 A AN X FATHI ST, AT A BEPRAERE I — 55 ER T A LB XA TR R AT 1
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

;

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

;

return 0;

}

Tt XS, FRATREWS PR first Fl last MHL—@EA N NULL PATEFRATREAE LT i 15 oL F R R NULL
{HR A . XEWRE KRS Py_XDECREF () W H#A ] AR#5# A Py_DECREF () J#IH . FRATASHE S o 2L
R ME—3j & 2HE tp_dealloc SEH, P HLXEL A B AT AL E 7 RELE tp_new HR K,

FATEE A4 T BRI R BRI AR AL R B P R AR, RN T Z BB —#¢, FATIL R setup.
py SCHFASINT — BN E o

2.2.4 SRR

Python HA —AN] AR RN TR BRI R0 08 335 38 el 2 (GO) BT AT A I E . X AbE
DAER ZYAEIRG I R4 BN, A

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

XA T, FAa0E T M HE SR SRR EraHE, R EE I kEHASY
S5IH. ERGIRITEOE AR NE. EiBfE, Python FMEFRLIIR [T #ERF i 2 K B8 52 0 F B3k - ¢
T .

1E Custom RPIHIEE —AMRA T, TRATAVMEZE B LI LIE0ES] first B last J%'fé# eah, FES
ANFIE =AM, AT R 7254k custom, A TR DARIMEZ @ YE. T XA 5 o A —
A, Custom XZART LU ATEI:

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

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

TE, BRI B YR G TR S, M PR T DME AMETRE str TR AR A5 | AR R .

38 Chapter 2. A% —Ji THAIED




Extending and Embedding Python, %1 3.8.18

BARVF—DSMG TR Custom SLHIREER GC IEMMMERHF M, FefTH) Custom RAFELE LM A
S ML I S P 3K L6 7 P

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

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

} CustomObject;

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0;

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

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

(FTgkEh)
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static int
Custom_init (CustomObject *self,

{

PyObject *args,

{"first", "last",
*last NULL, *tmp;

static char *kwlist[]
PyObject *first NULL,

if (!PyArg_ParseTupleAndKeywords (args, kwds,
sfirst, &last,
&self->number))

return -1;

if (first) |

tmp self->first;

Py_INCREF (first);

self->first first;

Py_DECREF (tmp) ;

}
if (last) |

tmp self->last;
Py_INCREF (last);
self->1last last;

Py_DECREF (tmp) ;

}

return 0;

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

number),

*/
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,

"number",

n |UUi",

PyObject *kwds)

NULL};

kwlist,

0,

void *closure)

"Cannot delete the first attribute");

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

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

(Rt
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(8 E70)
3
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->1last);
return self->last;
}
static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
;
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
3
Py_INCREF (value);
Py_CLEAR(self->last);
self->last = value;
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);
s
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
}I
{NULL} /* Sentinel */
bi
static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "custom4.Custom",
.tp_doc = "Custom objects",
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
Q)
41
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(£ LT
.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;

return m;

W5, WAL GC HUARES S MIAIAN FX4R:

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

return 0O;

SR BE S IR P4, BATFEAM visit O WAL MEEAZBI k. visit () WE%E2Z
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BT M RAEN SRR AL G )T R BN S EL arg. EaR[Bl— A {2 IR o] (Y B

Python £ fit T — A0 B g i A visit B ALY Py_VISIT() %&. i Py_vISIT(), FKATA DA/
Custom_traverse PR T/EE:

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0O;

HfR: tp_traverse SLEUNAUG HSEMER G4 R visit Fl arg DAEFH Py_VISIT ().

B, AT ER PTG AT ] AS G ERAY X 5%

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

}

R Py_CLEAR () R . B BT R8s @ 1 8 g | By e Bz 2 5 K.
AISRAREEPRAER B NULL Z [RIFEJE M L IH H Py_XDECREF (), W@ M7 nl e < B FHR
BEBGZ B RS G A & WA S | I EAAYIE) «

MR VRATPAE L DA S5 Py _CLEAR () :

PyObject *tmp;

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

Tewetn ], e JE i s 2448 B Nevertheless, it is much easier and less error-prone to always use Py_CLEAR ()
HR 2 T L HL SR 5 iR AR o T AN DAL A A B i M AR !

BEii#s Custom_dealloc W RESTENE FRBYERSVH AMER A . XFEREIGER GC ] DATE pR I N R0k fisl %
BT GC AU S HTEAAE, BATFE @A pyobject _GC_UnTrack () Hik GC 5 (k38 ERAH K AXF
%, FHEFKNEH Pyobject_GC_UnTrack () fll Custom_clear EH LIRSS

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

Ja, AR Py_TPFLAGS_HAVE_GC AR INE SRR

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
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EFEMZEAZ T WERBNHE T AE XN tp_alloc 8 tp_free SEBAIRN, WIFATFH ZE A IEIR IR o]
WPORBHE . KZH R 61 B SR LA .

2.2.5 TPALIbIAY
QUEIRA: B A R AR A T RERY . BB MG R N E R IARR RO 3 ] AT (3 11 & i
3 221 PyTypeObject . FEA[Y BB [AIIL X Py TypeObject LM AR HXER) .

XA P A TR DR A NE 1ist A subList JEM. XABi AR SE AR HLAI 3R,
HRHAE — AN increment () RIS A

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

>>> print (s.increment ())

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong (self->state);

}

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

bi

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

}

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

(N IUERED)
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(£ LT
.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;

WARET L, BEIEACHS 5 2 BN Y Custom mBIHEE AL, FATHR 2 — U e Z [RY 20X 50,

typedef struct {
PyListObject list;
int state;

} SubListObject;

URAE BN G217 5 B2 A T IR X R G5 R R 58— ME . FEZRAUG O S 5 IR I K46 T
PyObject_HEAD () ,

24—~ Python X 412 SubList WYSLHII, B PyObject * FgEHT] AR AR fil 4y PyListObject
* Ml SubListObject *:

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return 0O;
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FMTR] LATE BT BN AN AR AR __init J5iKS

XA AE G S B A HE X tp_new fll tp_dealloc B AMRBRREE ., tp_new A AMEAR N HA

tp_alloc WIXTREFRSTNFE, Motk HEH tp_new R E.

PyTypeObject S ff [l tp_base f§ & RARY SR B R, o T 85 -F & % 16 & 0 A8, 4R Jo 34 B ) *F

PyList_Type W5 HIREHIHFEIXT B B MBS TERHA 46 b o £ h 58 il

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;

}

TE PyType_Ready () ZHi, RAULGMAMIC BT tp_base fifii. HIAITNIALAIRER, E

ANEFER tp_alloc fli{IHTE N PyType_GenericNew () -- 3¢ H A FE BB S84k K
A2 5, VM PyType_Ready () FF BRI G2 HHAK) Custom 7w Bil—HEAY .

/i
2.3 5 U IEIA: LN

ARFEAT H e P — AR 0] PASE B R 207 Yk S I RERY R R 2
X2 CEM PyTypeObject HIE L, &g T RN TIHIM AR 7B

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

(Rt
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/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

CFoiaks:)
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PyObject *tp_subclasses;
PyObject *tp_weaklist;
destructor tp_del;

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

destructor tp_finalize;

} PyTypeObiject;

XHA RS IR HEAZRIL, WRAREE LR, @5 AT ER I,

IEIRAE IR, BATIEE S PPN 2SR BIAE T . DO R I SRS 7 B e, B
PABRATTA AR E N IEST R B SC I IH . @ ER A S e — M SRR 2 7B el T, SR
ARERIE W ARET I AL

’const char *tp_name; /* For printing */

|

KM T - E-ERBEN, SHBERZHTT, JLT-EWEE N TISWH . Sl Mg 7, X
TIoWRA D)

’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

|

XL BULRIB A T A X A JEB B S T B e D A Python Sy 7RISR EERYZEH (R
PR, ocdl) HLeNESRF, X2 tp_itemsize FRIFAEMIRH . XM RIGAERE

’const char *tp_doc;

|

RHLURAT AT — Be P e (BB ERYHUL) , 244RA8TE Python JIZRT | i) obj . __doc_ Wik WX Bt SOk
ik
BAERANIRT — T EEALRT A - RE B RIEBURF LB T3k

2.3.1 ZEFNAFREIL

destructor tp_dealloc;

LA BIY G | TR0 2> %I H. Python M REAR R ZL MU I, RFIR I BE R &, ARARAYR AN Y
Al R A T AT B, AR DA E X B . W QA By th T B BRI AT S E R R 7 1 -

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

}

— N EENBEE R R BT R E BCE ARG X AR B2 AR A 2 o R E n
M, MR E R (MTAEIEERED, AT INESRI RS B B — D MR E . IR as i
AT MR 2 T EEH MG AN E Python LA RAG A R B BRI E . X Al R T BURRES IR R R . TEHERY
PRI, TR L EEIERT, AR, REELERERE . HhPAE PyErr_Fetch ()
Ml PyErr_Restore () PRECESZH:
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static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult);

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

Py_DECREF (self->my_callback);

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

WM URREAE R AR R P T AT R AR A IR B, AR AR Y SIS A SR B el i (R
tp_traverse Ml/E{ tp_clear), XFZRMEDIN G Al ATEIIT tp_dealloc BFRIESHALE, HIK, 7E
tp_dealloc !, REGXIRFFAETARERE: EMTUITEETE . ALAEHEBRE R 8 APTRGTE T (0
TR B BT S AR AT BE TR tp_dealloc, EOWERMOF KA H.

M Python 3.4 Fify, EFAAREAE tp_dealloc MEIRMALEM, W2 tp_finalize JAIH ¥,
S U
PEP 442 f R T A S5 H &,

2.3.2 M4 s

F£ Python Hft, A WAy A 0] DA X R SCARZIR: repr () AN str () AL (print () BRBSEIZ
M str () o ) iXLEAL PR AR & PT e .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALPFRIF VAR — DN FRAHXG, HAa SR Epli2onE. Tie— M e 71

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

WERBATEE tp_repr ALHAET, MRRESRRHRZOE—ME tp_name BIFTRIER VAN R A MHE—FR IR
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tp_str AHAAEXF str () Bl LiR A to_repr ABPEAIAEXS T repr () —4f; WU, BEoSEY
Python fRASZERAIRT S B FA LB A st () WRRA . B tp_repr MECIEFAML, (HHLEE
TR N BN . WRKIEE te_str, WA to_repr HAMEAE .

MR AR

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

2.3.3 B

XA SCR R IR R 5, AR RSB R (L] T2 B PR OT N s 8. T 2A — MBI R
JEPER R A (AE SCTAEE ) SR8 7 — PR ST B m it (R avricEmiE) . BB —
FREFIRIGOL, TEBUNG DL T 2R 45 A BATR B NULL.

Python SZH5 P B AL PRI — A SCRPE M BRI RS B rp— 0 A R . T ) 22 500 T — X
i‘%% char* 4’5%7#%"@%%, M55 — X W42 PyObject * o ApRhIEUHEAT DAERR 0 T S B (AR
B R SR

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

S L.

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AR T ) — DA G S e SR i T T B AT (IROREAE R SCHEATRRRE) | A — S J1) <2 T i 1 DR 42 it
PyObject* iRAKIJEIEE HpREL. M Python 2.2 JFAAXS T2 % J& i J@ MEAL AR Y L B il 2P E 58 4
9, RS IBATAERE VR 2 1 R S R (1 R i) e 22 AL ) 311

Z R PR A

RELY RIBE Wispmtk, 84, RAFAlb/EmAers “fjs” g? HFRZ e T LA
1. 4] PyType_Ready () W, WAURITEJE MR #FK .
2. AR ERRR AL BRI R SR R R P R e, AR EARYE R

LR, WONFAR R IERME B V5 ) SO 56 i i A7k =X n A AT B A«

24 pyType_Ready () #UEART, &2 i 22305 05| B9 =4 200 0 B 8 3 B A0 S ) 7 i
B descriptor . IR AR TR LB G 00— AN BRI . BEAFRESZ R R = AR 4eHRh NULL,
WRZE B SR S A W EA TR R R i a1, I Bl 241k tp_getattro fil tp_setattro
BRHF A NULL, RASRVF B AE ST F 28 JR

RN object:: ZRAUF) =B

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

s tp_methods AA NULL, WI'EAJi$ga]—1H PyMethodDe £ Z5MIRH KA . R EA-FZEER
FELLEN R — S
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typedef struct PyMethodDef ({

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

I 24 R R B T BER) B T EERE L— A H S MEERIRI A AFOR R T AR 24 H . BFREAAERREIN—
MO H S BRI AR A H o IR H 1) m1_name “FBUAUN NULL,

B AR E SCEEE ARG LB P R B A JE . M stn C RN 23508, I Him oy Xnr Ak
Ry . R ai R SO0

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

XTRAWEANEH, FE—Ddescriptor TR MEI S LB M LB IR PR IBUE. type FBY
MAETE structmember . h KO P E CRYFEAS BRGNS 5 XA RN SR A & AnfrfKF Python {4445 C
HEERZ . £lags 7B AR AR A F i Ja T ARy 7] A AR

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

L ESd
READONLY WA 5

READ_RESTRICTED Not readable in restricted mode.
WRITE_RESTRICTED | Not writable in restricted mode.
RESTRICTED ERMEL R, GRS,

(] tp_members FRME N TIBATI I HAEEA — A BRI RURALAT A A 7 30 SO SR PERR AT LA
{i] B MBI S R T B SO B B A SRR ST 45 o R I RE P AT AGE T A 4 APT X G 3RH
fliday, M __doc_ JRMARRPORI FATH -

5 tp_methods F—FE, FFEA—MEN NULL IS4 H name,

P g i P A P

AT R, X HHEIR char* A name JES AL char* Al PyObject* KUk 0 2 A ME—X
Ao XATRBI LR BT 5 T Rz s GIAR RIS, (HBA 8 AE Python 2.2 H3 iz F 2Ry, B
T AL B AR R B QTR R 1), B A SR AR S TR Y R A TIEE, kS E A A 2 T B .
tp_getattr AP STENT G TR EA R BRI . S8R HNER S —PEH _getattr__ () &
YRR A AR I DU ]

Bihn:

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

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

return NULL;

tp_setattr AHANSTER I — DL __setattr_ () 8 __delattr_ () FIERHIHH. X4
— A JEMEN SR, 58 =ANESH N NULL, RS2 — AR RS | & a6 7 AR S 2 AR RE
B, W tp_setattr AbPRAHRL 2M445i% A 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 X5 Hess

’richcmpfunc tp_richcompare;

tp_richcompare AN SAET LT LRI BRI . EROT & HEIE, gl __1t__ O, Ho
PyObject_RichCompare () #ll PyObject_RichCompareBool () AT .

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

R ARG, RN R AR IV S 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
newdatatype omitted */

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

switch (op) {

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

}

result = ¢ ? Py_True : Py_False;

(N IUERED)
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Py_INCREF (result);
return result;

}

2.3.5 FhRIMILFr

Python SZRFZFf b 2 A0 AR AR A X 2845 11T 19 & 1182 1 BE TS 7E abstract "

X LEHNGR B R Z A ZAE Python SEHUT A (Y LI SCHY . Fpslitl, By, BRI S SON—IH IR E 48
s Python YL G 7Y o AR PO SR IR NG o ST HORE L5 19 2 3 S B 14 b BE A A9 91 R ) M SOR L
BEIR A HM B ORI | A AL BRA AR R ] bR o Xk 0BT 4 P OR BEAE 23RN G2 pid Ay St
MRS AL, FFA — D PR LR 1 A A (L I 24 R ek . (ERIERR O AN & 18 WIS G2 AR
NULL 600, AT PABE BRI R 8 I — MRS AL AEAE , (A OLAT) T REOR R AR I FERPIRAS < )

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

W ARA BB ARIXT R4 M B —AEFE . P s X 5, I AAREE 253 B E — A~ S8 T C 28
PyNumberMethods, PySequenceMethods 8{ PyMappingMethods, BYZEM ARG L . ARZE 55 68 24
FELIE A GX e85/ (A . AR 1T PATE Python JEAAS LAY Objects H gL B LEXT 5% B (R H .

hashfunc tp_hash;

ARARVEPER BEL BRI, U B2 S VR B S LAY S Bl [ — S A B (E . T — ] SR s 1)

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{

Py_hash_t result;

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

return result;

}

Py_hash_t je—MEREERERT BAFERAMFSBEEE. N tp_hashiR[o] -1 FOREE TR, Xt
e AT 2 AR 24 R AN A IS RS IR [ e, A R Y

ternaryfunc tp_call;

MR AE P IRIEIEZR TS Bmgi F , 28Bk U8, 2058 ob3 1 RARMEHE AL SL BT Python I
AT objl ("hello"), NPFAEHH tp_call AAPRAIHA,

R % = A B4
1. self JZVERTR A HAREERELRSE . G2 objl ("hello'), W self H objl.
2. args RUETHHSENICH . RATLAMEH PyArg_ParseTuple () RIS,
3.

kwds J2& i 2 A 58T 2B N . IR E ANy NULL HAR SRR B 280 AT
PyArg_ParseTupleAndKeywords () RIEMSEL. WERVRARESH; KMt 7S 0 € 4k NULL {H,
W 25| % TypeError P —MERA S KBTS HTHL

AR PER tp_call SEHL:
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static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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

return result;

}

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

X L8 R PR AL T O R ARER I B SR AN AL BN R 2 — AN TE S, BB AT R A s i {9 S
B, HRE—AFEI . MERAERRE, AT Y43 E— 2R NULL. tp_iter XJRT Python
__iter_ () H¥, M tp_iternext XN T Python __next_ () F¥k.

{T-Anfiterable XSRS tp_iter ACFRAINN, ZALFRAIRH AR B —Niterator 5. e se-5 Python
F P I B[] —A 48 S R 0

o XFTRLASCRR AR AR 2 e () RAoTAH ), W SRR tp_iter WFAIEIFR [T
— A HIE A -

o HBEROAN — AR GlHE & T BAER AT, BIansCrExrg) mr AR [l —A g1 5
SYHOBG I RS to_iter - I H MR SCH tp_iternext AFRAINA.

1 Aifiterator 3t ER 24 [ BFSEHE tp_iter Ml tp_iternext., —PIECEEH tp_iter AbFEAINGY 24 ]
—ANRIZIER G H . ERY tp_iternext ALFHAIHAR 23R [B]— 8 B A ERVER R — AN R H 5
L WREE R ARG RERE A AR, W tp_iternext W PR NULL AN EFE, 5
FA AT PATEIR [] NULL LAl SN E StopIteration; ST vl AP A AFIOPERE . QSR A 758
PrifEiiR, W tp_iternext W4 R @i E— MR IFRM] NULL,

2.3.6 35K Hy

One of the goals of Python 5535 | F SEELAY H A2 — & AL VT 5268 2 5 555 FHLH 17 A 24 AL BB A X 4
(Flanghs) br=Agsrras.

S

weakref FRHRT R .

XFT A5 IS, 3R B {2

1. £ C WG &5 R R HE—A~& 1T T 5551 FAPLEI) Pyobiect* FRB. %A S MM 2411 T R
A NULL CYHf I BRIA tp_alloc BEXRFS H B E).

2. ¥ tp_weaklistoffset KA HKE N C XL LMK T AT MBE, XEMRELS L EEAE
AnART s ) FMG 0% B

HMORYE, R — MU IR R G5 H A ARt R B A BT i 7 B
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typedef struct {

PyObject_HEAD

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

DA AT S W Y S 20T G P AT I A8 A

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

bi

ME — [ & A b 7T 2 W R T BN A NULL W tp_dealloc FF 23 B A A 55 51 A GE o 8 H
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);

2.3.7 HLEIN
N T T AR A AR B R S S AT A R T vk, i 3RICPython J5ACRS . HEA Objects Hig, #RJTEC
PSR to_ I EARAEZR A (BIAN, tp_richcompare). RFFRBIIRAEZE S R BT

MR ZEUE— DX R R ARSI B B AR SL By, (1] PyObject _TypeCheck () M%l. EM
— R BT

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

¥

S
F#% CPython JRfCHSRRAS .  https://www.python.org/downloads/source/
GitHub | J% CPython J#fCi%1) CPython JiiH .  https://github.com/python/cpython

2.4 Rikk C/IC++ P

—~ CPython fij C §" 2 — AL (Bl 40—> Linux ) . so , 33 Windows ) .pyd), H&SH—1
?ﬂ&“ﬁt SEE

HNT AN, LR AE PYTHONPATH AR, HOA My 4 B2 7, B iE Yy . 24 H
distutils B}, 2 B34 BIERIRT SO .

B ha A R K FE AT
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PyObject* PyInit_modulename (void)
KRR HOR [m] SERERIR A PR, B> PyModuleDef 5fl. A initializing-modules " ff 5 24175 .

XTFANA ASCIH i ptibe 42, BREULATE PyInit_<modulename> , Y} <modulename> #ffh A
M4 5. 24 {# Fl multi-phase-initialization [}, FoiF# i 3F ASCIL 4 it (A5 24 o BLISHH) 46 Ak R 55017 44 5 42
PyInitU_<modulename> , [fii <modulename> §5%% ] Python ] punycode %y, EFSFHEW N TR,
7t Python Hi:

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

A DAME—A B SR B I 2 A, il APk & 1 AL i 2 PP HER S E AR,
DA BRI AR T SO BB S B #R 7 — A B 2 $ 4k JY, AE PEP 489 TR HE 241
RIE

2.4.1 fli}f] distutils 4 C fil C++ ¥ i

B R AT LU diswutls S HI4, 50 Python FIA4H). distudls S HE I~ MR, TP IEAR A
distutils G RELEEY R,

—/~ distutils W T MIKEHHA setup. py o K& 4L Python S, REHRHMEAR T #, BRI T:

from distutils.core import setup, Extension

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

ext_modules = [modulel])

S setup.py , ML demo.c, BTUITR

python setup.py build

LYk demo. e, RJGIE Y RBIHAML demo FEH 5K build Bl KT RS0, RIS SHHER:
M HZFEEU build/lib. system , 4F [ fHEE demo. so 8 demo.pyd »

M setup.py B, FIASERMA LB setup KA ZRBT AEZ TSR R F S5, LI
BIF R T — 1. BTSRRI e TN ITEE, AEIRE THENE. 3% - TMee
FEZ AR, W8 Python FUYERSAEEL . SCRY . 4%, B8 distutils (Y SCRY, 7E distutils-index T f##H £
distutils [RRME; ANEEST HAERER B RALHLIE 45 .

WHE P ESEL setup (), HEEFHZEALIKE A, A0 L5 7R setup () A ext_modules
SR Y TR, t/\ &> Extension ZRAYSLH. B 7 ESLHIE L T BMA N demo , ME—
EAD S 7 demo . c

WEmHE, WE— Y RREIRNZ, HEPOMYTAL LGS E SO, TR Bl R TiX e,

from distutils.core import setup, Extension

(FIUakss)
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(£ LT
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
url = 'https://docs.python.org/extending/building’,
long_description = """

This is really just a demo package.

[
’

'martin@v.loewis.de',

ext_modules = [modulel])

B FH AL setup () FEWHIBEIMEE TG E, SEERLTEMENNE. TN, ERET
AL BHES E L, mﬂ@ﬁ% FEHS, . KT gRitas, distutils 84 FH HAh ) 0% 3815 B8 gnidds . Bl
7E Unix b, 2R FRiFme

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

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

AT RIS TR H s distatils P R%AH(5 distutils B8 IEAHIEH .

2.4.2 LA Ry B

By RE L, A =R 2R E.
IR A Pl R, WA 29817

’python setup.py install

BREHAESP e NI ;. BT AIsA T

’python setup.py sdist

HUENT, F5EAETRRS A& A6 BAL S8 SO I MANIFEST.in CFSEEL, #5F manifest T f#4H
s

TSR RS B AT O I A e dEP R AT DA R AT . BURT HARTE, DU — AT A
JA 5k 58 AT 5%

python setup.py bdist_wininst
python setup.py bdist_rpm
python setup.py bdist_dumb
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2.5 {£ Windows J-£4ii%k C fill C++ § i

X — B A B4 T A 5 ] Microsoft Visual C++ £l 73 Python f) Windows § Atk SR 5 B A & H TAE
LTS S5 B . XSy IR R}HE S FH T Windows F2)7 512 > #4978 Python § DA K Unix &7 512>
HIa] A= BAE Unix Fl Windows Y588 B S AL #2000

SR distutils J7 ZORM A AL, A AT IR 7. RO FEMEA C kit
¥4 % Python; 3 %5~ Microsoft Visual C++.

R XK T 2 FEC S Python MUAS S (1) SCIR4S o X B8O DA R R XY AR Sk 0365 HE
SEERH, TX KRR BT R Y Python AR IR B EICAS S Y SRR AT . B, AR AR ) 2
Python 2.2.1, XY ¥k 22,

2.5.1 il

1. Windows il Unix B RELBRERA PRI [ distutils WREHINEIIRE, B80T aRE,
distutils 7520l TRZ e M distutils MENET Y R SCR L distutils-index., Q2R 4R % BE
VREASETR BT B EAE, IBAWTFE— T winsound ARifE BRI H ST RESRA D) -

2.5.2 Unix #l Windows 2 [a]i1) 25 5

Unix I Windows X T AU B AT E ) T 58 AR A FEfReil i d nlsh S i 2 wy, %
58 TR T R Ge R aner T AR

1E Unix H1, — ISR (L so) SO S th A PR T A AURS , AL S a7 v il B4k 31 1 o 4% A
A o 24 SR T B Py, R SO AR rhoisk 28 o BRI i ) 4 v | R 2 DO H 1 R e v ek 4L
FIRCHEAE AT P I B R S BRL F IXEEA Fog— MR EAE .

& Windows W1, — A EESEEEE (. d11) SO B BAERIT I . @l i — AR R I T pR Bl i i
Vi, EUAEZA T DLL ARSI T o Al t, RISC LM T DLL ik, i HAeiz
FYI AR R S PUE T LA 17045 5 1Y R BRI -

£ Unix o, EAE—FRPESCHE (La), BERERAZDXEIT (o) WU . TERIEIL X GIT (. so) 1Y
HEREIY B, HEEAR ] RE S A B E A ALE R MR IR AE M B S AR A A PEA X G S A 4R
B WRE T, SRR S AR N GO A RS

£ Windows "1, FPAEpiR R, SRSEMS AR (T RAHGE - 1ib). FRSHERLIT Unix Y .a SUfF; ©
W ETELEN AT PR RS . S AR EAUH TR s RE A DR E AR R4 2 AR, I HRFE DLL
OIS BT REP e OARERE S AT O IR 3 S AR 5 B A $ R DA B () R B8 7E DLL A Al
Ffo 24— M R DLL BeERem, wIRES A — N AR, BTG 00N T AR Fr 2l DLL AR By
AT X L7 51 DLL.

TERBCARIEAE S PSS B A C, AN 38505 — MU Ao 7 Unix |, 18 RRKF AL a (B4
HEEAMEN B.so Ml C.sos IR FECEMEAMIK, XA B A C X3l A ENHCHEIAS . 7E Windows
b, A ALY FRERIE AL Lib, (R 2 S0 AL Lib BB T B A Co AL Lib ARG AL; &
RS RAEs TN TU A AR fE R

1E Windows |, i S AFER SBEMH import spam; BEiLARAT AT spam HHZFR, (HIf RS0
—AHPREIA . FE Unix b, 888 —DNFEEGE from spam import *; BEAl#E—EHMEIA.
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2.5.3 DLL yszbsfdi
Windows /i Python 2 ] Microsoft Visual C++ #gi3eit); f J FoAth 2 15585 7] B
ATPARY) o XTI AR TR HOE T MSVCH+,

297E Windows H18|z DLL B}, {RUA0FF pythonXY. 1ib fG458EHEds . B4 DLL, spam Fl ni (2]
spam FPEREIR) C RO, VRIS AT &

BT BEA T ({H Borland & %2

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

F—Aar A T =43 spam. obj, spam.dll i spam.lib, Spam.dll ANALE{Ff] Python BREL (5
W PyArg_ParseTuple (), {HEML pythonXy. 1ib A DARITE AN $25] FrE#Y Python (LAY

B2k 2RI T ni.d1ll (PAK .ob3 Al . 1ib), ‘ERHLBEUIM spam DA K Python n] AT 3L 4R 2 Br g i
IZJ%&O

ANREFNRPFFER P R B AR W AR AT A AR (4135 Python) #RGEF SR I b5 14T,
RIS | _declspec (dllexport), FLUTYE void _declspec (dllexport) initspam(void) H{
PyObject _declspec(dllexport) *NiGetSpamData (void) Hi—#f.

Developer Studio il AR BRI AL EHFALE, AR IATSCIFR/NE I 100K, ZHRBEAT, i
I H BCEREHE R BRI RS E BeE BONE . FFIEFIRY msvertxx. 1ib POMEES| R F .
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CHAPTER 3

FE SR B AR i A CPython sz {7y

A, AZEANEAE Python fEREAS A LN AR THIY RE, 1M 24 S5 CPython iz fTHHR A B B
W ARF o AT T B SE U VR T Sy — 2240

3.1 fEIERHFEFik A Python

BILFEHE 7 W% Python #E4TH &, WatE W H C sEUEY i Python FTNEE. St K@ vl AR : FF
Python g A Bl C/C++ . R/ FH 5 HIGE. XA AT PALER HFEF ] Python R SE B AELETfE A2
HCH C++ . HiESAMRZ: ansavr M A Python 55 —SUIAS  DAGHEE il B AR 7 i R 75K . it
LT EE ] Python Zi Bk N2 5, B4 KNG H O WREX 4T .

Python (iR AZRBITP R, (EAEEME. ANFEZAFET, §7 5 Python WL T 1 EREF558 2 Python
iRty , it A Python B A2 FF M AE-S Python 584 J0 96— 1M & B R P 1) 5 2838 4B /K <1 il Python
RS RIB T2 Python Y,

I, #EHm A Python, stERf(tH O BT . W EMA I 2 —itEwihik Python fi#fiss. £/0
HEHREL Py_Initialize (). A7 LERT A TH A v [a) Python /£ M A4T2 480, 2 5 Bl W AR P 1)
AR AnT 3 I8 R ARRERS T

VA RS B XA 57 JUAP: W] 1] PyRun_SimpleString () & A—AMU% Python B4 4AFE, Wnlm
PyRun_SimpleFile () & A— stdio SCHAEE IS4 (UFEHIR(E BB AER ) . B 7T AR
FH BT A28 1) IS 2 B SR A 1 I (5 H] Python X4 .

S U

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

I TR BT Python i ATE 2 R AEH R 209 0. %385 1) H AR R T—B Python JIAS, T JGHRE 51
MR B . EAnPAR AR T A R R RAS S AT — Se 4 A

#define PY_SSIZE_T CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx() < 0) {

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

}

TEPy_Initialize () ZHl, WiZ4ciHf Py_SetProgramName () K%L, PAEAAFEREETE4 Python i54T
PEREEFE. #Rk, Py_Initialize () ¥)4Afk Python fifREss, SAJEHATIESRSAY Python A, FTETH
HIWFIETE . 2 )5, VM Py_FinalizeEx () KMIMERER, BITER. FEESERET Y, ATRETRZEM AR
J5ARHL Python JIAS , s iF e M ICAR i an A . SO, siE A EdE. FIA PyRun_SimpleFile () bR
O] DATE S M SCA: g B Python RS, BT 48 2540 T AT 25 TR RN 28 S04 P 28 R JRR 0T

3.1.2 SEMER IR KR AP Btk
7o A% H RE A, IR 7 FR AT AL A Python (RS, {H 28 /Sl ml SR A XA IBRIGTRY o Q1 5 2 A e i, B
ARG . TP A BUL AT IhaE, U520 C U,

WATERE, RUGTEERI, {04 Python AIEA Python ST FAR ML, ATILEE it 6 #0k 2 B R 4
B3 B TR, YA FM Python 5 C 3 R IENRAL T -4

1. %4 Python [AHE{E %] C,

2. M R E R T C BPRR B, PAK

3. RFUR TR R B A C 4 A Python g
A Python H}, 352 LA S Al :

1. &4 C iy %dIE{E 3] Python,

2. AR R E AR A T Python 42 IR eR AR A

3. KR T 5] ) ds A Python 354854 C g
] W R R B p A TR TR, DA 518 S B 1) ME— PR DX IR AR T YR B s e 2 () )
MR REOR . EPATY RS, A —A C %L, MHATHRARE 121 Python BK%L.
KAV ATRFEE A Python #4631 C 2, 2 MR J3SMAMERE B235 Bes (R A 5 | F T AL FEAT 5%
T ik 2y SRR Y A XA, WS 2% HI T ) AR IR R R
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3.1.3 4lijiik A

SR H AR 2 AT Python JIA RS eR K. LR )2 UCHE UIBRE, Python f#RESRH A S B 5 Y
MR BEATACE, (R — 4R A i — A1) o

BisAT Python A b U R &L, LS ANTE :

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

int

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

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

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

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

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

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

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

(R
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(£ 50

I3
t
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
3
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1]);
return 1;
3
if (Py_FinalizeEx () < 0) {
return 120;
3

return 0;

}

AR SER A argv (1] n#k Python A, FEA argv (2] f8EMRRE. REBRESHCE argv 4
IR A . AR50 a4 R (MAL KR & ] AT FFRAE call) |, I B $A7—> Python 7,
Bl :

def multiply(a,b):

print ("Will compute", a, "times", b)
c =20
for i in range (0, a):
c=c¢c+b
return c
RIGEER %2

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

SRR, AR B PR, (EORHER (U2 I T+ Python I C Z [a) i) Bicdlife e, DA S AR i
Bt A Python A HRER 7 LT 4 -

Py_Initialize();

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

WAt R 2 5, W PyImport_Import () MEMIA. WEEKSEE 24 Python 47, — A
PyUnicode_FromString () B sk B0 # 1 F4FE

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;
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JHIA—Bm#se s, #iesH PyObject_GetAttrString () EREMEAFR. WRAAAAE, I HRFEZ
AP S, BRI o R R, SRIE R AR AT, M R SR AU el . ARG AT iR
J Python R4 :

’pValue = PyObject_CallObject (pFunc, pArgs);

LK FORIIN, pvalue T2 N NULL, B2 SN eRBOR MHER)TI T  556 PR 58 ERE0Z5 1 .

3.1.4 x}itk A Python Jjfgil ™ g

FIHAA L, AR Python RS BETT I IV AL P AR LY T BE . Python APL 4" R AR RRAS KL T
RX—nio WlEUt, MM RO R BRHRA BRI T . RARVTER A L e, (BB oM
ko BRI AL MR T /S5 T Python fi#Réd: . LN AR FHIEE—H Y, REE—HEKAY
ik Python {Jj [ iX £ TAEF, W45 L@ Python 4 JEREfF—H. filln:

static int numargs=0;

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

}

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

bi

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

bi

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

TEmain () KA HIHEA LRI HAEHMH Py_Initialize () ZHITHAPA T H&IER]:

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

RXPATIUEAIAAL T numargs 484, ik emb. numargs () BRELRERHR AN Python MEREAS DTS A 17X
Ly g, Python AT DABRATIRAIA T T fE

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

TEESCHI N R, XA IRRHE Y B APL 25547 Python (1] .
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3.1.5 1t C++ hijix A Python

BT PAKE Python ik AF C++ R s Il SCB7 0RO T Cr+ BRI — B C++
%5 ERE, FEA Cr+ GRS R A IFMBEREAL T . AT EM C++ HEH%F Python AL

3.1.6 1E2& Unix REh 4kt
N T Python MRS AN AR Y, $RENIE 6 19 9 13 S AL 40 i e (RIEERRED) TR 3, Fenl2 ok
Python A FERHLE DA C BaSY i (. so 3CiF) mfENseilif.

N T REI TR A A MBS S, WAT pythonX. Y-config A, ‘BE/27E 7% Python I (th
A REFFIE python3-config A ). ZHAFILNSE, KA TN SHLEEAN:

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

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

* pythonX.Y-config --ldflags f§4 HEMINEHES L.

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

1EfiR: R T ES 2> Python 2248 iRA S | KR AL (FRARAE R G LU A C oA 2 |]) , 2
pythonX.Y-config f§EAXT AL, N LB FTA .

WER IR ZARMER ORBEARIEX T Unix 784K GADEEH bug 45 ), SR FIRRE X TIE
FERERYSCRY, K EE Python i Makefile (Jfl sysconfig.get_makefile_filename () F|F{EALE)
FIGIFESE . X sysconfig Bia @A A TR, v AgGE T IRNFEHAE BN EE. Ln:

>>> import sysconfig

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

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

>>> B A ERIARY Python $2/R4F . AEAE S R T-REPARZ B s E MR REAS LA T RE A RS 2 i
- AR A X
o ACH A A P AR RS TI ERIA ) Python SR 4T, (4% gidbny i, BB/ FfFZ
(B35 s, i =85%), e — &tz )E.
* Ellipsis NEHFE.
2to3 #t! Python 2.x fUA% 464 Python 3.x AAASAY T H. , WAL MRATIRAY , 3k D ARAFTA ,  AbIHZ6 I 40k i 2 1y
N e

2t03 A AEAREE Y, B4l 1ib2to3; $2HE T A0 & Tools/scripts/2to3. N 2to3-
reference ,

abstract base class -- 4 3ER G LB ABC, @Xfduck-typing [AFNTE, BEFEML T —Fp i SCHE: 0 0087
X, M2 FHAMS G E hasattr () BT AMEE MR (FlHantEH BAR ). ABCHIA
TR, XTI R 5 HABE, HAMWIRERE isinstance () Al issubclass () FRAR; #
UL abe fHSCRY . Python H 4% WE R ABC HTSLIEH454 (7F collections. abe #idkHr) |
BFE (FF numbers fEE ) L W (FF io Bitkh) . SAEREAMELS (FF importlib.abce bk
H) o ARA] DA abe Bk A H ) ABC.

annotation -- biE KRR, KEIE. RBIESEORIMEMIRE, BEMR L2 =/ RO

SR AR R AR TIE AN U ), (HA AR SRIE MR BRI AR £ MO . RN R i
__annotations__ k@M.

Z: W variable annotation, function annotation, PEP 484 ] PEP 526, XJIHINEEHH NE .
argument -- S5 7RI oG 45 funciion (8imethod ) W{H. S50 RWikh:

o XA A TERBOR T PRI A FR AT (B0 name=) SUEAE N A STERTTAIA ** 17 S
ME A 2B, 3 A1 S FELATRXT complex () By M HIYJET Kt 24

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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s EEAH ART RKBETFSHSEC MESHEI TSRO ERTT S AR/ S AR a4
* [iterable P TERGAEN . 28BIKIE, 3 A1 5 FELA TR g TS 4

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

S TRE LS R B o Y B R AS B . A RN 2 L, calls —5 . ARIEIEYE, ARARAER AT
FRFR—NSHG BB B E PR XTI 1 eyl A% o
F3Z Wparameter RIEFRFH , & WIAEH S 5ES X5 PEP 362,

asynchronous context manager -- 5325 |- F S PIEY AR E I E X _ aenter_ () Ml __aexit_ ()
JrERXT asyne with @A) P RFREEIATEE S, B PEP 492 5] A,

asynchronous generator -- 532522 K% 1% BB Masynchronous generator iterator IR, B 5 async def
& SRR R BARAAERL, ARFRZAATET B vield REX A —FRIIWTE async for fEHH{H
.
WARTE T T8 A0 A ian i, EERLRE IR AT AR 24 77 £ R B R R E . WRFEE-ERL
HARE S, TR A FR AR Lo
— AR SR BT GRS await FiAX B H asyne for VAN async with {E4].

asynchronous generator iterator -- 525 2 R85 5028 asynchronous generator FRELFT B EE IR 4 .
WIS & T asynchronous iterator, Y4 __anext__ () FEW B Bl — AR GOR AT 740
AR R AR BB R —A> yield Rkl
F/0 yield SR ARALIE, T (B IPARES R R ROATEE Y ry i), 4%
A R EERESHAM __anext_ () REIW TSR ZHERIKZNS, ESMNEHFOLESLEINTT. S0
PEP 492 Fi PEP 525,

asynchronous iterable -- 2B [ B 7] #£ async for i A) o g A A9 X 4. 6 J0E B W
__aiter_ () F¥ERE—Aasynchronous iterator, {1 PEP 492 5| A,

asynchronous iterator -- 525088 ST _ aiter_ () Ml __anext_ () HFYEMIXIE. _ _anext_ W)
R Bl —~awaitable ¥} 5. async for SACFEREIEMREIN __anext_ () LTI [a] o8 A ZE R4}
%, HINHF| K —1 StopAsyncIteration BH. H] PEP 492 5] A,

attribute -- J& M KB —AWRIME, ATRAG G5 2Rl HA TR B, WR— R o BA
— M@t a, WATLAR o.a KEIHE.

awaitable -- [ZEREN R BETE await Tl PRI S . v P coroutine B2 HA __await__ () JT¥EM
St% ., 2 PEP 492,

BDFL “Z& 5 zZE0#E” W45, B Guido van Rossum, Python )61 .

binary file -- - JERISCH: file object NGRS F 1 Fo ot Z o 3G SCHRIE TG A RIS (T, "wb!
or 'rb+') FTHMICH:. sys.stdin.buffer. sys.stdout.buffer DA} io.BytesIOfl gzip.
GzipFile HJSLfH.
J115 S Wtext file T fRRENS RS st XM SCARTSR .

bytes-like object -- “FYi%I%f 4t 71 bufferobjects H H G- T C-contiguous LG X% . XWIEHA bytes.
bytearray fll array.array X%, PARFZ M memoryview X5, FA Gl 4E 2 fp 3k
BAREAEP R s X SRR AR . PR B SO DA Sl BB R R 5
HAC PR TR EAT AR ) A . XIS A SCR T E R AT E TN . ARG R R T
il f13E bytearray PAJ bytearray [ memoryview, HAWMEAEZR —#HIBEIRAFT A0 AE %)
% HERETENER"); XM RNE T4 bytes ALK bytes X4 memoryview.

bytecode -- ‘= {ifh Python JFAURS 2441 158%, R CPython fifREgs H1 3R Python /71 N ERALIS . 5
WIDIB S EZAFAE cpyc SCHFH, SRS R BAT IRl — SO BE TR (PT DA G 25 REVRAG B8 2 13
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) o X PR S B ATEAE T R AT AL K virual machine 2t F5YEREA R Python
FEAWL ER T A —E @, A —ERELEA ] Python A 37 .

FATIGHE 24 R AT ATE dis BRI SR AR .
callback -- A1 —ANMERSHCRAE A DA DATE A S 1 54 20 e U FH 1 - iR o 4
class JHRANE P SO GBI 8 SGE L5 XA SE B TR e X
class variable -- Y& FE3EHE UWAZE R, I HAURTERMZ R FAB Y (AR TE R S8 B E0 .

coercion -- SR TE AL ST M R RS E R, — B S0 R b 4R o) — AP L. 91
W, int (3.15) ERFEVRSEGE NEEREL 3, (HAE 3+4.5 1, SEIEBA—3 (—/H2 int, —4>
J2 float) , WF A MR ZEBUA GEMTIN, TN % TypeError, UIREAT o Hil B LA S ,
7 BUL IR T ] e S 50— R ZEBY, BN S AL £1loat (3) +4.5 A2 3+4.5,

complex number -- 535 @ EHARGENY R, PR BUFEE R N — DS AR . R
e HERCEAOL (-1 PO AR) OSSR, ERAEREAT SN 1, TSN J. Python NI TR
By sofy, RN TREARC 20 g —A 5 52, Bl 3+15. WIPRTEE math BEH AT HX)
WARBURA, #HH cmath, RERMEARE — DB RAECARE. NRIREBOERA L, ZIEE
LT A AL

context manager -- |- F3CAHIAY & with AP, ldE L __enter () Fl_exit_ () FVRE
HIAFDRASIIA S . 20 PEP 343,

context variable -- |- F 30 & —FR$E B @AY BT SO ARA R R ER S & . X R TAEL AL R AR A
filf P AR NPT AR AT AR R R A Bl . A, X B R SUERSRUL, — M TER TR A £
A BT BT SO ER) FR AR RN KRS AR I TIBES. 2 contextvars,

contiguous -- JEZ; — GRS C & 825 Fortran & Sl X POA R ELERY . F4EZ rh 2 C Il Fortran %
i E—AEET, FrA A% B B AHE AR I SRS , SR B IR BN R G T . 752
% CHEZBA R, 4k NAFHIIEHES I f5e e — DR 5 U5 R0 4% H NP B fe b . {HJ2 A Fortran TS24
R ARG B R

coroutine -- P PifeE T HIRER)E BB, T IR AT DATERE — b AGFAE DS — RGB . PR AT DAEVF
ZARP R EVEA L BHAWKE . EfTEd asyne def iHHREH. 2L PEP 492,

coroutine function -- BpRLFREL IR [0l —Scoroutine ST R RE . THMEREEd asyne def iBASEE X, FF
A HEfL S await, async for fll async with e, X2 d PEP 492 5] A1

CPython Python ZifiFi 5 W MIESLEL, 7 python.org b A, "CPython” — il Jij T LA EEIRFHF ML L BL-5 HoAh
SEELGI AN Jython B IronPython A X 51

decorator -- 3N IR EME N 5 — D eRE R AL, HE T ewrapper EATEA ORI TRECE . SiligRn
LT AdE classmethod () Ml staticmethod ().

AR IR, DU AR B0 ST S R Se 55

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

@staticmethod
def f(...):

FFEROAE S S 28, (HlER XM . A XIS TR TS 0L sREE SO 2858 SURYSCRY
descriptor -- §liik#s (TEX T _get_ (), _set_ () Bl __delete_ () H¥EMMNE. B—PLEMHE
HHERZRES, BRI T S B A R L . EEE T, a.b RARE. R E SR
— BT STE a R FHAERATN b BIXTE, BAR b — R, WS X R b 4%
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Tiike BEARA SSRGS 2 IR AR Python (1Y ¢ 68, XN 2 1 2 B BEARIE I BLA , (04 B2
Jriks JEtE. ROk BESOTIRLA BRI G AR

B KA ERIFEE 7T 2 descriptors.

dictionary -- “ylL — /N CHRE L, Ho AT S A AR L S 2 AH Y B (E . BRI DL AR HA __hash__ ()
__eq__ () HERINIS .. I Perl &5 RN hash,

dictionary comprehension -- “y il S 4B — D] A AN G P BT A B A JU R IR AR [ 45 R ML —
BEEY:, results = {n: n ** 2 for n in range(10) } AW — 1 HE n F{HEn ** 2 BYBL
B R 7 . 2 I, comprehensions

dictionary view -- ‘FHLELE M dict.keys (), dict.values () fil dict.items () IR [ ITERBEIR N F
HWAE . ENRETFHAHN—DISHE, XEWE Y PSSR, HEESHHN AR BT
SR SR o EUE RS, AT 1ist (dictview) . £ dict-views.

docstring -- SRS FRFH (N3 AR ISR — 2R B FAF s P . eI RITIN &
P, BRI R B TTEZE . sRAEHER __doc_ @M. T e HTIUENE,
PRI SR Xt SR A TR SRS A RO

duck-typing -- 1878 F5—FhgRfRE XA, EIFAKEE RIS RE R e 2w A EfmED, med
BRSO o EsUErE (CRERGN T, nEREGEN T, BatEmen T . ) hTimiEE
FHAER e 288, it RIS vl i e 2 SRR T R G ME . 19 T2 BLE G type () B
isinstance () Kpill. ((HZEEEN B0 DAMH 46 28 % fENRh e, ) AR R hasattr ()
K e 2 EAFP 4Rf

EAFP R HORVFIT A D) IS0 4i5 . X Python 5 J AU 2 5 RS 2 85 T 75 1) B sl S AP AE
HAEBE B BRI R A o XA it PO AR IR @ KiRIs ] try Al except T4, T HAIN Y
MR FTELBYL W%, #ILT C SRR HAhiE = .

expression -- Lk W DK FAMEMTEEFIC. Haihyl, — DRk FE RO, 45K,
JEPEDT I IEFATER BRI BIL A, ENHEEEH SR —ME. SUZHAMET AR, HIEAES
tPER R FIAA . IBAFAEA RO ERIB S W statement , Bl while. WA E T MM AEREA.

extension module -- §JE it DA C 5 C++ RE UL, (i Python [¥) C API R 515 F 1.0 DAL H P AU

N

T H.

f-string - £ P47 74 £ ok ' F BTG R I EE RO “f-E AR B RS S A R LAY
5. % PEP 498,

file object -- SCPFXTGR X AN AL [ S APT AR N E R IRAIXISR (A read () B write () JEFERYIS
R) o MUEHAIE T B R, SCPFRTR AT AL BN BLSCRER SO, XA AUEAE, BOR Xl IR
WU (BlanbRiEs A i . NAFZnh X, BRI ) . SUFR Gy ST &3 28R,

S AT =R SCIERT G Il =22t ] SURE, Geirh =206 ST DARZSUA ST . AT 101 58 L3
1E Lo Bk, QUESCIEXTRMIE T XM open () BR%L.

file-like object -- SCPEXIM 4 file object W [R] i,
finder -- 4Ry —Fh S22l A g S ARILH loader FIXTS

M Python 3.3 BRAFAE PR M R B E k4% Tk 12 £ 48 %5 By sys.meta_path i, PAKpath entry
finders fit £y sys .path_hooks ffiff].

HLPERE %1 PEP 302, PEP 420 i PEP 451,

floor division -- [n] F VBRI 7] T 8 A B B BB B B . el T U R AR IB BT 2 // . BN,
FrX 11 /7 AWTESGRE 2, M5BT SR EIERERR 2.75 . HE (-11) //
4 R[] -3 PRk -2.75 @ T AGRIMEE S, Il PEP 238,

function -- B4 AT DA 20 [l B AME R —2HiEA) . 3R] DA HAZ A S ZAN S 3 HAE R BRI T
W . 55 Wparameter, method F function ZE4Y,
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function annotation -- FREChRTE EIEF 2R B 2 80 MIE ) annotation
PREVREEIE 7 TR 242+ BIanDA R BRI Z A int SEOF R E-—4 int {4:

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

PRI HETEVA R PEAR I function —7
12 F variable annotation F1 PEP 484 X} I REFIHEIA .
_future__ —FhPhIEHe, IR 53 TR E 45 24 i AR RS N A2 BRI o e

i?.(iﬂ}er/\ _ future_ BIIFXTHE A EAR EORE, AR DA B AT i O AGE 7 PA ST BN
ZRIA:

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

garbage collection -- K YNl RO FEA A B 7725 BB Id A2 . Python S i ad 5 | VT AIOM— A~ BEAS A6
%D?T@‘Zﬂﬁﬂ‘%'lﬁ%E’Jﬁﬁﬂnﬂﬁlﬂﬁl%ﬁﬂéﬂhﬁiﬂ;&ﬁlqﬁlﬂﬁ AT DAE ] go AR R4 i 135 ] it -

generator -- 2L )& R[5 —generator iterator [ RREL. BB ARG R AL, Klﬂﬁﬁ?ﬁ@@ yield ¥
R PAE A — R YIE LS for-IEERI B next ( ?éﬂzéﬁ_ﬂ%

RTINS R, (BRSO T TR £ AR B ik ﬂu%ﬁﬁ%{ FEFGRELIART S,
I EFRVARE S S

generator iterator -- LR85 %ACES generator REUTTRIZRINT A .
l/l\ yield &IGAFEHEARE, CEL M EPITIRES (OFFREFA BN wy 54]) . 4% £ &
Bk REWER, EEMNBEIFOLEREEIAT (X5 FH A MBI U6 043558 R A2 AR K

generator expression -- 4 g5 LA Ik o] — PR A AR H)FRIL b%ﬁ.%@f?%xﬁ%ﬂjﬁf:ﬁﬂ?ﬁmXT
— AR JUEM for ), PAR—WER 1 A, AREGRBR S WINZREUE—
HE:

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

generic function -- jZ RIeR B A [ )2 280 S B ) S0 1) 224 e BSOS LAY R R 3R D I 2 Pl IR EE SRR
SR 5 %% o RS B

FiE S Wsingle dispatch RiEF4<H . functools.singledispatch () H/figs A K& PEP 443,
GIL Z: W global interpreter lock

global interpreter lock -- 2 Jsyff BEZT T CPython fEREAR PRI —FhBLE], B Rl DR ) — I 20 A — 2R
AT Python byrecode, WALHIE T BCEX G (f4F dict SFHENERM) I L5 FEA 2%
4=fijAk 7 CPython SCB. 43RS ARREAS I BI (15 AR Rl 2 A AT S (8, AR Rk T e 2 AL
s ERHATIE.
A, HELEARE B =07 R RS R T A SRAT T SR S AT 55 A s 45 s A IR GIL
BEAh, FEAT VO #AEHB 2 SR GIL.

A —A~ (U\Efkéﬂihfhﬂé%ﬁﬂi RN ) “QEH%*M TRREAR IS5 T AR IRAG TS, R A 2 4k
TEAH B AL PRAS I OL T P RE « PAE v R AP 8 a8 1 iR S B AR IS B A J% AT B X DAZE
P,

hash-based pyc -- 3§ T-Wy A58 pye 5 X R I8 SO A G (BT 3 B J5 48 50 st TR) DA ff 2 HoAg e 2 i 2 A
XA, 2, pyc-invalidation.
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hashable -- WUy — > %F 500 M 7 (8 Q0 SR AE LA ey LI N6 R e s, SRl Tob A (BEFREAEA
__hash__ () k), IAIPAR HAb X Rt AT e (BEFEEA _eq () FIE) . WBHEN G0
TEA MBI A E L &5 R A & A .

TG A PSR SRR P SR AR B A BT, PR DAk S B 8 A PR S8 s A fEL

KZ% Python HH R AT AE N EXT QA2 Al WA A i) WSS (Blang) Rel ) AT A; ARl
iy (BITCA frozenset) (M ENIRYTCR I RIS A A R AT A . )@ SRS B R 3
WA AT ENTERE R —2E A ME (B S B HE) . e LB T e
id ().

IDLE Pythf?&n # IDE, “GEIF A S5 IEE” W CHEE . & Python FRifE A4 T FFHF ) S A S dE e A1 AR
R

immutable -- AR[AEXF G BAT FE RN G AR RUFEECT . FATHRAICAL KRR GBI
Ao QERIDIAFAE— DA RE, WA BIEEIRTR . EAERR S B A R R AR,
BN UL

import path -- A HEZAMMIE (Bk2450) A3, SPEEIpath based finder I KA FA
Hbr. fESAR, HAETFREFKE sys.path, HEIFRFA UGB ATRER H RN __path__
JEME.

importing -- $ A &ML 1) Python fRADRE A ) — MEER H ) Python 45 Bir{f F i 72 .
importer -- Ay BRI IEBIINTS; WAL BEE T finder XJg&T loader

interactive -- 28 . Python i 7 — X2 H A EREAS , BIMR AT DAEMERES s A7 et A TR A ALk s, 7 EITA
IR AR . AR AT SEMRS) python iy (HLAT ATEVRIVI ST ALIT 4635 B rpg R A 7 3 5
) o FERH AR SR I B HR AN A I X AR KSR (LR help (x) ).

interpreted -- fiFE%Y Python — @ MEREALUE T, SZAXH@amIFMIES, RAPIHAX ST 717 54
AR HIATE I AT IR o X R PR SO T DA L AT T AN A6 S X B T AT SO s AT R
RTE T R R H g R A AT KRR, R AR RIS TR R . & Winteractive,

interpreter shutdown -- fRFEZS JGPH A 2R Al Python MEREGHRFUEA —INMFIRIZ T BOT 22 BT
HEDECTE, FIABTEHRANS Fh N TS . BRI EDI & . Xl A e S
e B 55 5 | [l 8 R AR S0AT o FE R PR B AT (R AR W B B B A b iy, R L sy B UL
EAFARC (LB 0T R s L 45 ) -

FEREAS S 2R P R A __main_ AEHEITIE T IAS C 58 MR T -

iterable -- W[ RAURF R AEDS 72— 1% [n] FLA A T AY XS 5o RO SR B 104 e A e 21 26 2 (Bl 1ist,
str fil tuple) PAKFLLIEFHRAIGIN dict, T Z AKENLT __iter_ () FESUZELIM T 5
7 ) __getitem () JIRMIER A E LM G

AR LT T for TRIRRA R 2 HAWRR AP HNHTT (zip () map () ...)o J—PH[EAR
MGANERSEAEH N ERE iter () B, BE&RENZMEEEREE. XAEAIEH TEEEGH—
W o AR BT R, REFEAFER iter () B HOAHERET SR . for iIBMEN
PR S AL BEAREEAE B8 — AR P A iy 24 728 B R AEIE A R AFE AR . & Witerator, sequence
PA S generator,

iterator - BARUZF JRFIR —EALIRRAIXI S . ERMMIBEAAH _next__ O ik (B HESNE
PBREL next ()) FFBAIREIRH I, 248 KT R A5 % stopIteration S, FIX Mk
REFZ BT RER, HEHHE __next_ () HEHSFHKEIK StopIteration F#. %
RALURA __iter () JIIEARREIZENAX G H &, NIHEA e @ n AR, g
AT HAREAR GOE KA. — N RFEWBIINEILE S R EL VT AR RS, A
X5 (B List) FEARBERINHAAA iter O BEEURTE for EFF T EERS A — ik
e WERAE BN DL F AR 10 2 AUAR I 2 2R 017 2 BiA AU AR e R ] — A U 4, (A
BRI R

W25 B £ typeiter,
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key function -- St pR% FH bR KO FRRE B RR 0, 2 REAS IR [l ] T HE P B HF LB E R AT X Bl Locale.
strxfrm () T4 AFEREE I HE T 29 %€ 1 HER 1 .

Python A7 ¥ 2 T A 7o VF Y B ek HIOR 5 il JC R 9 HEAL 820 4107 30 Hd 48 min O, max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PA KX
itertools.groupby ().

FO AR 2R . B, str.lower () HYET DARVEZM K/ INEHEFE B H 4N,
B lambda FIAAAIHE, B0 lambda r: (r[0], rl[2]). A operator il
BT AR AT Y . attrgetter (). itemgetter () flmethodcaller (). iHAF WMHEF
— T DASRIRR A 6 o K0 75 9

keyword argument -- o8t 8 £ Wargument,
lambda H—A> i lexpression 14 BUP) B2 IR R L, FRIBNSAET R BT BORIE. B4 lambda 5L H)VE N

lambda [parameters]: expression

LBYL “SE&FGHR" WX E .. XU g 5 KAS SAE TR ) slcAr 2 i e S A pi g 2 .
WA G EAFP 55 Ot e, HRp R R 4 £ 154)
L LAY, LBYL FRSSE “&F” Ml “BRIR” Z R R4 05ad A . filan, PARARS if
key in mapping: return mappinglkey] A REH TIEREEAEZ 5 HAMLREIN mapping FHF5FR
T key T Hi 55 o XA ) AT JE I N B s 6 ) EAFP 5 2R bk o

list Python & H)—Hsequence, BIRA NF)R, (HERLIT HAWE S P8 m A%, FATiHITR
I ]S A4 2 Ry O(1).

list comprehension -- 5| 4b H— 4> 7 51 v i e G 8RR 4 0 R Ik B 45 2R 5 R — PP R B A
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] BHEK—0
B 255 o A B oS FERREOS W AR (0x.) SR Hih if AR EER, Q2R A w
range (256) WA TCERA AT,

loader -- JIERZS (1 TTMEBIIR G . BAABUE L 4K 1load_module () Wik, INEEREE H—Afinder
RME . S0 PEP 302, X}Tabstract base class B2 I, importlib.abc.Loader,

magic method -- B Jjid: special method W)AEIE 2[R XA

mapping -- WS —FSCRHE R AR S T Mapping B MutableMapping flI5 B2 i Al e 7 A B 25
28015, W2 H T HE dict, collections.defaultdict, collections.OrderedDict
PAM collections.Counter,

meta path finder -- JLPEFETEREY sys.meta_path W ZRITIR B finder, TCEEARE LS S path entry finders
AFAE F A A AH A

{E#H importlib.abc.MetaPathFinder [ fICIE IR AT sC LA Y.

metaclass -- JLJ& — M TRIERMAE. Fg LEERY . BPWMERYR, TTRATEZ LIR=A245
FRUEA RS . R DN R B e s 5 A AR N ERIASE I . Python B4R 52 ATE TR AR
BHEXITE. K FOKIEA TR EXA T A, B FRE B, Jee nl Rk sm A e e r ik 7y
Z. ENCHA TICREEDIN H & ARt IR a8 SCH g, AR 2415 .
L% 52 I metaclasses

method -- Jj ik TEFENTE CHYRRE. RV AIZ IR LR — BRI TR SR BCEE B SAE A
HEE—A~argument GRE 44 M self). 50 function fnested scope.

method resolution order -- Ji iR 32 AT I 2 0 A3k A D4 I8 2R TP FL 2 By I R S e I o 1
B Python 2.3 J5 ATy TR H 2.3 BGE Python TS AT FAH 2 BIEATTER -

module X452 Python U —FPHZUR . AL a4 25 18], P S{E 7K Python X4, ik
W] @ i importing BEAERE 7% 2] Python H .

5 Wpackage.
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module spec -- BiJ R — A~y 2 S ), Hd & H T s B g8 X 3 AF E. & importlib.
machinery.ModuleSpec [SZH.

MRO % lLmethod resolution order
mutable -- WEXF G FIAENRATDATERL id () PRFRREERTEL T BUEHBE. 535S Wimmutable

named tuple -- H#5c4l Rif “HAud” o] {HHAEM 4R 5o, BB RS | TER e 4R E
Pt R AR B s . AR AL sl A W] BB A LA

HLpERNETEAICH, U time. localtime () fil os.stat () WREME. 57— FF2

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

e FL A TR Y B (B B BIT ). At , B4 TR nl il R e U tuple QR I E L
PFRFEBR AR AR . XM AT LS, siE i L) %l collections . namedtuple ()
Bl Je—For IR S T4 5k B H 4 TCAL IR A

namespace -- iy 445 M) 44 25 B @ AF S S . s 250 Rk, ERMNER, a3 2P e
AN (FEHEZWN) . 2SR a4 vh 28k SCRpsiib . BN, %t builtins.open 5
os.open () @4 H 1 25 AR IK 4. fir 44 25 1) 0 38 1o HH i A B S BRIRAS R BEOR 35 Bl B
"R 4E . AN, random.seed () B{ itertools.islice () XFEEIAR T iX R EE
B random 5 itertools - HISEEL .

namespace package -- iy 42544 PEP 420 75| A—f 9k AE TR Mpackage, fin 24 25 [0 A0 DAY
AL FoRY), Had I Sregular package N[R), PEREANEA __init__.py X,

FHAIZ Wmodule ,

nested scope -- ik E IR 7E— D SGER NG HASEIRES . BN, TE75— A%z e L sRET PAG | H
HIE B . R E RO S5 AR X o . A B S R T N2 1E
M. R, &R ENESWERT2RMmA 250, @i nonlocal KEFN] T AINZEH
i

new-style class -- X X1 H 5i O8N T A X2 2B AR IHFRIE 785581 Python kitAs v, HG =X
JEREAL T Python By s RIFRFE, BN __slots_ | fliibfF. FHEJEME. __getattribute_ ().

object -- Xt R ALATHARES (BMSE) PAKTUE XATH () HEdE. object 2T new-style class [
RUZEHFESH .

PP AR s L & LY Python module, MFEAR L, W& __path_ JEI:AY Python
[iz85 8

Y5 % Wregular package Flnamespace package.
parameter — J§5 funciion (sKJ79%) 5 LA LK, B S BARAT DABE 10— arqument (A 500
WE, 2M%%). HFHAES:

* positional-or-keyword : (TE BT, HEE— W DAL H S A R AR DA 50 5T A2 %
AWES . FREOARES LR, BN foo HI bar:

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

* positional-only: {LFROIE, & —H BB EL ARWS . (WRAETE 2w i 7 R BUE X
WIESHNEFEMNZ G A / FRRE S, IR posonlyl I posonly2:
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def func(posonlyl, posonly2, /, positional_or_keyword): ...

o keyword-only: {{FRKHET:, F5&E A HABH LT KBEFAE A SE. AR 5 FIE S 0] 7 R
E LB S YR & BA AR B IS B ETE 2N AN S TS 2 ii— * ke X, By
TATHY kw_onlyl F1 kw_only2:

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

* var-positional: TZERIE, F5E P DASRBE R — MEBEEE I LB SEH R T (MOIE AR 2
CEZMMESHZIG) . EMESEETEES ARG « e 3, BT H args:

’def func (*args, **kwargs): ... ‘

* var-keyword: TIAESHET, A5 A DMRGUE AR R8T SA (FEIMTEHALE 2 0 2 i X i
TSHZIE). RMESAEETETESAPRETMEA ** e L, BIA LR kwargs.

FES I VAR 45 E AT it B4, B R] AS Ll e S A0 i BRI -

51 Yargument RiEFRZZH . SRS ESHIRBIHHIH WLAEL, inspect .Parameter 2§, function —
T PA K PEP 362,

path entry -- Y42 A 0 import path W — NN E, SWipath based finder B IHRTE S AR,

path entry finder -- J%12 A D2 (£ —R[R X %4 sys.path_hooks (Bipath entry hook) & [8] ) finder
ARG g iE i path entry S 78 (iR
55 H importlib.abc.PathEntryFinder DA TRESARA DA Has IrsC B &1 12

path entry hook -- SR A LNEyF — B AT NS, TERTE QT2 R 8 path entry H RIS DL T RES
H sys.path_hook %3k [Bl—- path entry finder,
path based finder -- J£ TR AR A RS BHAR—FP Lk 12 & 48 5, A[HE—ANimport path g $R st .

path-like object -- KX R RF— DX REBAEHNT S . BEESE I —ANFRIERN str 8l
bytes X%, B ARE— LI T os.PathLike MMUKIRIHR . —4%FF os.PathLike MUK
i@ A os. £spath () REFEH N str B bytes BRI RAEHIE; os.fsdecode () Fl
os.fsencode () A5 B RIS str 3 bytes BHPLER . XI5 EH PEP 519 5| ARy,

PEP “Python #{##E1” MITELHE . —A> PEP i@ — (i it 3CRs, HIk ) Python #1 XARHEE E , sifliid
—~ Python AH 4 M I B EREE . PEP R 2442 RS A Y B2 AR BIAR AT HE US4 M ) S B e
PEP [ A R4 th R BB R R . WSO AE DR R R 0 A S 15 DA BRI a5 Python [ TSR 40 5
SCRYRE AL . PEP BIMES A TTATAEAL DX NEREE ST 30, I AR R B AR A SR
=L PEP 1,

portion -- #85y AR — iy &4 SR A H SR A SRS (W RTREAFRCT —A> zip SCPFI) , FLpsE UL
PEP 420,

positional argument -- i & %5 2 Wargument.

provisional API -- ¥{5¢ APT ¥ 7E APL 2 4580A R HERRTE R E FE 1 i) J5 A NECRIEZ Sh I B e 1. &
RIEE B A S FAERUL, EREHGARMC N, wln] BETER DI A8 A D2 R oL
THAT RGN (HEUFEBRZED) . WA ESOE R BEIET - (UE APL#IAZ |
R TR B B IR R o 0 A B A ] RE X A
B2 A2 E APLRUL, [l 5 NARA Yt PN I G BRT Jy 587 —— AT 150 R A DA
SRS B —Fh ) S A R R T 5
X APAE B AR SR VR E PR RSN BT E , A 2 T MR KPR SRIE BT IN . 115 L PEP 411,

provisional package -- 8194 5 Wl provisional API ,
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Python 3000 Python 3.x %A Lk AUWERR (X144 FHERAS 3 i) KA b R TTIN A I B L T )« A
YN “Py3k”.
Pythonic $55—~ B al— B AU S %5806 T Python 15 5 i RO XS IR S, AN J& 68 ) At o 5 v i )

AR &R SCBUARS . Bildn, Python i I XUAR 2 (1] £or BRI BRI T — Al UM R H Y BT T
o W2 MG FBAXRREH, HIARZAZE Python A I SO ] — M T4

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

T FE Y B 157 5 B Pythonic (77 34 k& X FER:

for piece in food:
print (piece)

qualified name -- ROE#FR —DUARUS 2 EIIAFR, R BB 42 Rt A b SRS 2E L B
BEOTER) BT, MHRE I PEP 3155, X T is B RECRIE, REA RS R4 TR—E

>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname___
o
>>> C.D._ _gualname_
'Cc.D'
>>> C.D.meth._ gualname_
'C.D.meth'

DT HIABSRES, T T & AR BRI DL S R A i A, S TR AL
A, il email .mime.text:

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

reference count -- 5[50 AP E X R H5 1 HRIBCE . 24— DX RE51 T BN, BB oort
e 51HTTHECHT Python AR U@ # 2 AT WA, (H'E R CPython LI — K HEICE . sys FRELUE X
T—A~ getrefcount () pREL, FEH G AT E R B4R EX L5 T4

regular package -- M LFH B package, B ER—A _init__ .py XMW H%.
%% Wnamespace package

_slots__ —FhEAER P ERAG AT, A T 0 7 I S M S S T RS B S ) P LR T N . BRI R
RFAT, EEEHITFEATEARY, i REEEDEEN TR, IR N Y, If
HH A A RS

sequence —Fhiterable, B FiET _ getitem () $RERF VARG BRI EMMICR VI, IFE
XT—AREFHKER _ len_ () k. WERTFHZEAAE 1ist, str. tuple fllbytes., HE
B dict ¥ F _ getitem () il _len_ (), HEHIANNETHSHARTES], FAEAERE
(i AT B i immutable S AEFEEL .

collections.abc.Sequence IR E X ENT - ITMEFXEFEWED, BIE __getitem_ () Fi
_len_ () ZANNIINT count (), index (), _ contains__ () fll __reversed_ (). SEH L
PR OB DA register () SRV

set comprehension - 5/l LA /T 2 A5 FP 1 FFAT 5 M43 TG 20945 1 5 A A1 — B B UK
results = {c for c in 'abracadabra' if c not in 'abc'} BAENFFEES (',
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'd'}. 20l comprehensions.
single dispatch -- Y53k —Ffigeneric function 53R, HELHZET A SEIIRBORIERN .

slice -- Y) )y W RS TR Esequence B—34 B 5. YR & @0 FARPRICREIE), 1E [1 H4AH
JINPAE ST, flil variable_name[1:3:5]. HHES (FFR) ARictENERMH slice X
%.

special method -- }§5% Jj ik —Fi Python [ ik, RIS FER A THE E BAE T IARINGF 45 . X
MR TR RRHBUT 2o FEIRTTIAR SCHZ: WL, specialnames .

statement -- {54y 150 R (— MRS CH) AL, — KB R PAUE —Dexpression SEANTA
FKHEFRILEM , B 1E, while B for.,

text encoding -- SCA GRS A T Unicode P47 P 25 i 737 HR A 2 35 -

text file -- UK U —MBERS TS str XR I file object . 38R — AN SCASCASE B2 15 7] — A T8I 1) 719 114 54
I H b iext encoding . SCARSAFRI B FALFEASCAK ("o 3w ) FTIFRISCHF. sys.stdin,

sys.stdout DA io.StringIO LM,
S Ebinary file T RREVS S F 7 23t 2 ST A

triple-quoted string -- 5 "5 4F il B REAW = MELSXG]S (V) MFHRGS (C) BWTEH. ENTEDRE
ESERSM A5 SRR TR A AR, B2 ZMAL. ENAVHRETATH NS AR
SR SRS SAING S, IF BT ARSI AT Jowh (] AT, TE S SORY 74 e IR I 4 1

type 57k iE— Python X148 TAH AR AFAKTREREA —FZEA, BANEXT R, AR E
M __class__ J@ltk, gidifisd type (obj) KIRHL.

type alias -- JRMUHH, — NI [E SR, B FURIEIRAURIE A5 E PR RAT
KRBV R i f 2 2002 Ao fon:

from typing import List, Tuple

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

AT AR i Al

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

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

Z I, typing Fl PEP 484, A Xf I BRI ELEHIA .

type hint -- RBEfR annotarion F78 5 ZEJEME. BRETE S B0R WA € B ZE AL,
FAUEfRJE TRl 3%E0i, Python ANERIRAL, (HIH AT XIERSIB A THEIER , Jf 0l ) IDE S
ke HE .
AR B R B KRB AT DA typing.get_type_hints () RN, (HRHASEMN
AH DA
Z: I, typing Fl PEP 484, gl tb T Re I EAIHEE o

universal newlines - AT — SR sk, DL AR B B FF45O R Unix 9775
WAE "\n', Windows [NZE "\r\n"' PAZIHAR Macintosh [JZ5E '"\r', Z 0, PEP 278 fil PEP 3116
Ml bytes.splitlines () TEEZ HEVL.
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AERREAS RSB IR, n] et oy (A

variable annotation -- 28 5k XS BB 2SR M annotation.,

class C:
field:

'annotation'

ARl PO E R 2

BIGNPA T AE B2 int FRAUM{E:

count: int = 0

AR B AR YETE R P AN ARRE I annassign —35 .
&% function annotation, PEP 484 F1 PEP 526, H.isf lbZh GG FE4NHHIAR .

virtual environment -- JEfIIAEE —FP R FH MEX R B 2 TH 3RS, FoiF Python FH PRI, FH R P A & 2E Fl
Ft4% Python 43 KBS A ST HEH— RS _izfT

B2 venv,

Y HAt Python [ R FF AT M

virtual machine - JERIHL — 5 52 28 S B AF 2 AT E L. Python FE ML AT HAT 7 17 1t 4 13 7% BT 2E 1%

i) bytecode.

Zen of Python -- Python Z#ifi %1 i} Python ¥ty i 5477, A BT E@ SN XAIES . AH AN
FAER BSR4 P A" import this”,
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APPENDIX B

SO A

XLE R T Sphinx M reStructuredText JEAJl1), Sphinx J&—4>% AL B Python SURY I 4 5 1Y SCRY A JAS -

AR R T AL IR, AT IG5 ), IG 0 Python A< B o SR AR UL AR DT mk, 17 7 i
reporting-bugs [ U215 o FATBERTIGAHT Y IE !

FE I
* Fred L. Drake, Jr., J5lfi Python U THARZ BIl5E %, AR SRZ A1
e Docutils N H , %3 HZ*E T reStructuredText & Docutils &4 ;
* Fredrik Lundh f37 H Alternative Python Reference, Sphinx M H153| TR Z AN HI S T

B.1 Python SCHI¥ viiik &

AARZ X Python 157, Python FifE A Python SURA TTHRAY A, Bl Python JEACHY K A7 1) Misc/ACKS 3L
T TR

it Python 1 DX ARNTTHR, Python BEHIA T AL HL (4R SO —— S RAI ]!
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apPENDIX C

J3 S ARV R IR

C.1 ZEk IRy

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

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

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

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

KARA | IEA Efy Nk GPL %
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF 7=
2.13 2.1.2 2002 PSF 2
22 GEE | 201 2001 %% | PSF =N

1Efif#: GPL ARA I A RRE Python 7t GPL 'R %Afi. 5 GPL K[, Fify Python ¥ n IEAR SRV o A B EUG
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A, T JC T TR T A Sk . GPL AR A T IE (15 Python R PAS HVETE GPL R & AT HIAF45 & B ;
HHERFAHENATT .

PR ZAE Guido $55 F TAERSMNTEIEE , MG LE 2 A8 vl fE .

C.2 RN LAILAl T ALEH Python )5k M1

Python A SCRS ) A 14 0] SRR PSE 4 T 12 7033

M Python 3.8.6 JF4f, SCRE A AYZASBI . AEHE- AU A TR R TR & PSF VR ] PRSURI SR 45 2 BSD +F T HXE
VAT

HLe 4057 Python WY EE T AR R PF AT o SX BEVFR] & SH1 1 AT 2 R ARG — [ i . A 565k ey
AR SE RS RAE S I Tk 0y 78T 55 3.

C.2.1 JiI T PYTHON 3.8.18 (tj PSF ¥l b

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

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

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

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.8.18 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 3.8.18 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.18 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.8.18.

4. PSF is making Python 3.8.18 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.8.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.18
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.18, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.8.18, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 JJ] F PYTHON 2.0 /¥ BEOPEN.COM -n] FlpiX

BEOPEN PYTHON FFE A M5 1R

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.

(Rt
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Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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 Ji T PYTHON 1.6.1 j CNRI ¥ nl HipiX

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

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

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

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

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

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

This License Agreement shall be governed by the federal intellectual property

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

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.24 - PYTHON 0.9.0 £ 1.2 fry CWI ¥ n] Flpi

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 3.8.18 DOCUMEN-
TATION

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.
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C.3 WeoRER TR VTl S50 i
At Python A THUIACAYH =y Bl VAT RIS L, i MR A S FLRIE A K Y

C.3.1 Mersenne Twister

_random A E E T http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html F 25 113,
. DA (FFH):

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m—mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 £y

socket #HH ] getaddrinfo () Ml getnameinfo () REL, XLEpRELTFEIDAE WIDE i H (http:/www.
wide.ad.jp/) Y EAMIE SCHEH

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.3 & IS

asynchat fil asyncore BHALE DA R EEHA:

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.
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C.3.4 Cookie &1

http.cookies Bl &PLFFEH:

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

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

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

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

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
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 Piritads

trace HHALE AT A

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode % UUdecode k%

uu AL DA AR

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML el F i

xmlrpc.client fEHVELEPARAR:

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

(Rt
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll A PATR ERE:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BT kqueue [ AL AR FEIH:

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. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 3441 Marek Majkowski’ Xif Dan Bernstein f] SipHash24 VAR5 BEALS DA NS HA:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

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

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod il dtoa

Python/dtoa.c UL T CiHEF ) dtoa Fil strtod p%L, HTHF CiEF AUE BBV FAF R 3E1 745645,
David M. Gay ) [a] 44 SCHIRAE T, Z 304241 n] M http://www.netlib.org/fp/ Fi%. 2009 4£ 3 H 16 Hi 2R F|
PR D SO 15 DA BBUBCRITAAF W] 7 B

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

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

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

********~k****~k***********~k***********~k*************************/
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C.3.12 OpenSSL

WERBAE RG], W hashlib, posix, ssl, crypt BLER{{Ji] OpenSSL e mithfi. Boh, @M T
Python [f] Windows Fl Mac OS X %32 /7 ] fiE t4f OpenSSL (%45 D, BT DAYE ILALBF1 i T OpenSSL #41]
R 5 DL

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

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

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

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

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

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

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

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

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

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

L T S I S N S S S S N S N S S TS N S S S A e I T S N S S S N
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L T T S N N

SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

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

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

Original SSLeay License

L I R SR T S N S IS S S S N S N S N N S S S T S N S N S S I I A

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

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

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

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

the code are not to be removed.

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

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

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

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

1.

Redistributions of source code must retain the copyright

notice, this list of conditions and the following disclaimer.
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.
All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

Eric Young (eay@cryptsoft.com)"

The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).

If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

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

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

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

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]

Lo I A T I S S N S

/

C.3.13 expat

BRI ——with-system-expat FLE THE, B pyexpat § ARG M5 expat PRI DAL B

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINEFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.14 libffi

FRARMIN ——with-system-1ibffi WU THE, BN _ctypes ¥ HNE (17 libffi JHEH5 DM E):

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 EAREIRY 21ib AR IHT ek A, W 55 2lib PG 8 DR 2 1ib 37 J%:

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

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

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

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

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

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

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu
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C.3.16 cfuhash

tracemalloc {#i M A M S IR AL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
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

KedE#i ] ——with-system—libmpdec BRE T, G0N _decimal FiHERE 07 libmpdec JFE )% DI
.

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

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

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

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

(Rt
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THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

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

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

C.3.18 W3C C14N i £ 14

test £ (lib/test/xmitestdata/c14n-20/) 1] C14N2.0 ik 2= 4F S P T W3C W 5l https://www.w3.org/TR/
xml-c14n2-testcases/ , FAR#E BSD 4] IF (=430 K47:

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 fol-
lowing disclaimer.

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

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

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

Python 53 SCHY:

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

AT A © 2000 BeOpen.com., B FIr A AUA] o

AL © 1995-2000 Corporation for National Research Initiatives., {585 BTG AU .
WAL © 1991-1995 Stichting Mathematisch Centrum., {483 BTG AU

A RSEBM VALV, 200 L AeF Tk,
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..., 67

2to3, 67

>>>, 67

_ future_ ,71

__slots_ ,76

FRE A
PYTHONPATH, 55

A

abstract base class —— %A, 67

annotation -- ¥p¥E, 67

argument -- Z%§, 67

asynchronous context manager —- R # [
TOCE PR, 68

asynchronous generator —--— R4 AES, 68

asynchronous generator iterator —-- =

A AL AR, 68
asynchronous iterable —- F# 0[5 4,
68
asynchronous iterator -- S iEfU#, 68
attribute -- J&{E, 68
awaitable —- A[EERENTA, 68

B

BDFL, 68
binary file —- —HEHISC{E, 68
bytecode —— 514, 68

bytes-like object —-- FIFHINIER, 68

C

callback —- [A]¥, 69
C-contiguous, 69

class, 69
class variable —-- ZK4FH 69

coercion —- HRIZEFEIE, 69
complex number —— &, 69

context manager —- | RICEPESE, 69
context variable -- [FIASHE, 69

contiguous -- J#%E, 69

coroutine —- g, 69

coroutine function —- PHFEREZEL, 69
CPython, 69

deallocation, object,48

decorator —- Hffigy, 69

descriptor —- ¥iiRzE, 69

dictionary —- i, 70

dictionary comprehension -- ML 5 =,
70

dictionary view -- FHLILE, 70

docstring —— SCRYFAFER, 70

duck-typing -- ME-7-257H 70

E

EAFP, 70
expression —- FiAz, 70
extension module —— P JEAEHL, 70

F

f-string -- f£-F£FE, 70

file object -- ICFEXF%, 70
file-like object —-- JCFERIN4, 70
finalization, of objects,48
finder —— TR, 70

floor division -— [a] FHUEEEE, 70
Fortran contiguous, 69

function —- K%L, 70

function annotation —-— BREHRYE, 71

G

garbage collection —- 1Ak, 71
generator, 71

generator —— ApligY, 71

generator expression, 71

generator expression —— A#sFRiAI, 71
generator iterator —- AJ#siE s, 71
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generic function —- JZHUpREL, 71
GIL,71

global interpreter lock —- £ J&fiFEas 4,
71

H

hash-based pyc —- ETMKBHEN pyc, 71
hashable —- RA[M&%y, 72

IDLE, 72

immutable —— RAJASXT4, 72

import path -- AR, 72

importer -- FAZE, 72

importing -- A, 72

interactive —-- X H,72

interpreted —— fEREH, 72

interpreter shutdown —- fEReEsI<M], 72
iterable —-- H[iEAXTS, 72

iterator —- Ef£E, 72

K

key function -- 4%, 73
keyword argument —- XHEFSE, 73

L

lambda, 73

LBYL, 73

list,73

list comprehension —— #|FEHEFEK, 73
loader —-- MN#k#§, 73

M

magic
method, 73
magic method -- AR, 73
mapping —— ML, 73
meta path finder —- JCE§iEEIEES, 73
metaclass —— 75,73
method
magic, 73
special, 77
method —-- ¥, 73
method resolution order -- J7VEMRNTIN T,

73
module, 73
module spec —- FiERILKE, 74
MRO, 74
mutable —— AJASXTR, 74
N

named tuple —- H#Jt4, 74
namespace -- 44 %S[A], 74

namespace package -— f44aS[EH, 74
nested scope -- #RENEME, 74
new-style class —— s, 74

O

object
deallocation, 48
finalization, 48

object —— X%, 74

P

parameter —-- JE£,74

path based finder -- RTFEMAELL, 75
path entry —- H&EAM,75

path entry finder -- A OEKLR, 75
path entry hook —-- LA DT, 75
path-like object —- BEAEANIZ, 75
PEP, 75

Philbrick, Geoff, 14

portion —- B4, 75

positional argument -- {\EZH, 75
provisional API -- %% API,75
provisional package —- &M, 75

PyArg_ParseTuple (), I3
PyArg_ParseTupleAndKeywords (), 14
PyErr_Fetch(), 48
PyErr_Restore (), 48
PyInit_modulename (C &%), 55
PyObject_CallObject (), 12
Python 3000, 76
Python #&&EINL

PEP 1,75

PEP 238,70

PEP 278,77

PEP 302,70,73

PEP 343,69

PEP 362,68,75

PEP 411,75

PEP 420,70,74,75

PEP 442,49

PEP 443,71

PEP 451,70

PEP 484,67,71,77,78

PEP 489,11, 56

PEP 492,68, 69

PEP 498,70

PEP 519,75

PEP 525,68

PEP 526,67,78

PEP 3116,77

PEP 3155,76
Pythonic, 76
PYTHONPATH, 55
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Q

qualified name —— [RELFR, 76

R

READ_RESTRICTED, 51
READONLY, 51
reference count -- 3|14k, 76
regular package —-- AL, 76
repr

(B R 4L, 49
RESTRICTED, 51

S

sequence, 76

set comprehension -- #£&MES, 76
single dispatch —- BAMR, 77
slice —— YJH,77

special
method, 77
special method -- $Fki¥E, 77
statement -- i), 77
string

object representation,49

T

text encoding —— ANYRAUAEE, 77

text file —— SUARIH:, 77

triple-quoted string —— =5|5FfrE, 77
type, 77

type alias —-- A%, 77

type hint —— AU, 77

U

universal newlines --— #f#efT, 77

\Y

variable annotation —- ZAFEHRIE, 78
[E) & bR L
repr, 49

£, 74
virtual environment -- JE#IFEE, 78
virtual machine -- gL, 78

W

WRITE_RESTRICTED, 51

Z

Zen of Python -- Python Zf#,78
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