The Python/C API
%7 3.9.1

Guido van Rossum
and the Python development team

+=H 16, 2020

Python Software Foundation
Email: docs@python.org






Contents

1 Wk 3
L1 AREARUE © . o 3
) 3
1.3 BHMZEE .« e 4
L4 X%, BRAEIHITE . . . . 6

LA BIUFTEL .« . e 6
R 9
LS B o e 9
1.6 HRAPYthOn . . . . . e 11
L7 UHETEE . . e 11

2 R RS kR 0 13

3 The Very High Level Layer 15

4 SDHHE 21

5 SeiRabE 23
5.1 Printingandclearing . . . . . . . . ... L e 23
52 HIHE® . 24
5.3 e 26
5.4  Querying the error indicator . . . . . . . . . L L. o e e e e e e e 27
5.5 SignalHandling . . . . . . . . . e e e e 28
5.6 Exception Classes . . . . . . . . . . . .. e 29
57 BRI e 29
5.8 Unicode Exception Objects . . . . . . . . . . i 0 v i i e e e e e e e e e e e e 30
59  BBIFFEH] . .o 31
500 BRUHESEHS . o 32
501 BRIFEEZEH . o e 33

6 T.H 35
6.1 BAERGIEATET . . o 35
6.2  ARBINEE . . . e 37
6.3  HRREEER] . . e 39
6.4 S AREEL L e 40
6.5 B marshal BETEE L. o e 43
6.6 EARERASEINE 44

6.6.1  FRMTZEL . . . o e 44
6.6.2  BUEASE . . e 49
6.7 FERREEEHAAL e 51
6.8  SHT 52




6.9 HRRRLDZSEMS TERIIEE . . . . 53
6.9.1  Codec Zr4k APT . . . . . . . 53
6.9.2  FT Unicode ZitdsE i Ab TR FHIMEMFZE APL © . . . . . . 53
LSS A= 55
T PR . o 55
T2 PEHFTIL .  ee 59
721 tp_call PISL . . e 59
7.2.2  The Vectorcall Protocol . . . . . . . . . . . . . e 59
7.23  Object Calling APT . . . . . . . . e 61
7.2.4  Call Support APT . . . . . . e e e 63
T3 BUETL . 63
T4 TP .« 66
75 BRGNS .« 67
7.6 ERRBEMN L L 68
7T B . L 69
70 ERRIREER . . 69
7.77.2 Bufferrequesttypes . . . . . . .. e e 71
T3 BEEUL ., 73
774 GERIRAHEEREL . . . 74
7.8 THZMIIL . . 75
FLAARRT 5 )2 77
8.1  HARNIGE 77
8.1 Type X . o o e e 77
8.1.2  None X o o 80
8.2  BENFG . . . e 80
82.1  EEEUTUNTZ . . . 80
822  AIRITEE o o 83
823  JFABUTE . 84
824 UL . 84
83  JEHURIZ . o e 86
83.1  FATKIE . 86
83.2  FEATELAINIG . . . 87
8.3.3  Unicode XM HIGRRLMRTLEE . . . o o o 88
83.4  TLIHNXTE . . . 106
8.3.5  LHMIIFHINIGE . . e 107
83.6  HUFERTG . . 108
8.4  ZRUENIGL . 110
8.4.1  FHUNTE . . 110
842  EEARIE 112
8.5  BREINIZE . . e 113
8.5.1 BB . 113
8.5.2  SIFIHVENTZE .o 114
853  HYERTE . o 115
854  Cell W . . o 115
8.5.5  AREBRTZE . . 116
8.6  ELMINIZ . . . 116
8.6.1  UHERTE . 116
8.6.2 MR . . . 117
8.6.3  EABERTG . . 123
8.6.4  FEIRIINTZ . . 124
8.6.5  HIERIG . 124
8.6.6  EIlipsis X4 . . . . . . . e 125
8.6.7 MemoryView X4 . . . . .. e 125
8.6.8  HIEIFHINIZ . . . 126
8.6.0 Capsule X[ . . . . . . e 127
8.6.10 EFNBENTE . . 128




9

10

11

12

8.6.11 PHERRTEL . o o
8.6.12 L RIUASENIG . .
8.6.13 DateTime X2 . . . o o o o

Initialization, Finalization, and Threads
9.1 FEPython FIEILZHI . - o o o o e
9.2 AJRMETEAEE . . .
9.3 Initializing and finalizing the interpreter . . . . . . . . . ... oL o oL
9.4  Process-wide parameters . . . . . . . ... .. e e e e e e e e e e e e e e e
9.5 Thread State and the Global Interpreter Lock . . . . . . ... .. ... ... .. .........
9.5.1 Releasing the GIL from extensioncode . . . . . . . . . . ... ...,
9.5.2  HEPython AZILREE . . . . .
9.5.3 Cautions about fork() . . . . . . . . . . . e e
954  EBIAPL L. e
955 Low-level APL . . . . . . . . e
0.6 Sub-interpreter SUPPOIt . . . v v v v v e e e e e e e e e e e e e e e e e e e e e e e e
9.6.1 AR IRAIE G
0.7  SEHAEML . ..o
9.8  HTAIEREE . . o e

9.9 BRI L .
9.10 Thread Local Storage SUpport . . . . . . . . o vt i e e e e e e e e e e e e e e e

9.10.1 Thread Specific Storage (TSS) APT . . . . . . . . . .. .. . . . o
9.10.2 Thread Local Storage (TLS) APT . . . . . . . . . . .. . . . . . ...

Python ¥ (LR
10.1 PyWideStringList . . . . . . . . . o e e e e e e e e e
10.2 PyStatus . . . . . o e e e e e e e
10.3 PyPreConfig . . . . . . . o L e e e e
10.4 Preinitialization with PyPreConfig . . . . . . . . . . . . .. L
10.5 PyConfig . . . . . o o e e e e e e e
10.6 Initialization with PyConfig . . . . . . . . . . . . . e e
10.7 Isolated Configuration . . . . . . . . . . . . e e e e
10.8 Python Configuration . . . . . . . . . . . . L e
109 BEARTE . o o
10.10 Py_RunMain() . . . . . . . o oo e e e
10.11 Py_GetArgcArgv() . . v v o o e e e e e e e e e e e e e e e e e e e e e
10.12 Multi-Phase Initialization Private Provisional APT . . . . .. . . ... ... .. ... ......

PAFAE R
TLT HER . e
11.2 JFHEITFIETT © o o
T3 IFEEEID o
114 SEEAMIIEE
115 BRAIIEAEERE
11.6  HEN AL o o o o o e e e e e e e e e e
117 pymalloc Z3BRRE -« o o o o e e e e e e e e e e
11.7.1 HE X pymalloc Arena Z}FCAE . . o o o o o e
11.8 tracemalloc C APL . . . . . . . . . e e

TLO TRBI o

X R IIEF

120 FEHERATIERTAL © . o

12.2 Common Object Structures . . . . . . . . . . o v vt e e e e e e e e
12.2.1 Baseobject types and Macros . . . . . . . v v v it e e e e e e e e e e
12.2.2  Implementing functions and methods . . . . . . ... .. ... ... .. ... ... ..
12.2.3  Accessing attributes of extension types . . . . . . . ... ... oo

123 Type RER . o o e e e

1231 RIESE . L e
12.3.2 PyTypeObject Definition . . . . . . . . . . . . o 0 it e e e




1233 PyObJect SIOMS « . o v o oo e e e e e e e 191

12.3.4 PyVarObject SIOtS . . . . . . o o o e e e e e e e 192
12.3.5 PyTypeObject SIots . . . . . . . . . o e e 192
123.6 Heap Types . . . . . . . . o o i i e e 208
12.4 Number Object StrUCtUIES . . . . . . . . ottt it e e e e e e e e e e 208
12.5 Mapping Object StruCtUIes . . . . . . . vt v vttt e e e e e e e e e e e e e 210
12.6 Sequence Object StruCtures . . . . . . v v v v v i i e e e e e e e e e e e e e e e e 210
12.7 Buffer Object Structures . . . . . . . . o o v i e e e e e e e e e e e e 211
12.8  Async Object StruCtures . . . . . . v v v v v it e e e e e e e e e e e e e e e e e e 212
12.9 SlotType typedefs . . . . . . . . . e 213
1210 BBl o e e 214
1201 RSB HFEFREAREC . . o o 216
13 API fil ABI Jii A5 A1 219
A ORI 221
B SCHiW] 233
B.1  Python SCRYTTHRE . . . . . . . 233
C ViRV 535
C.l IR o 235
C.2  PREEAHA Ty ] Python IUZRERAIZA: - o oo oo oo 236
C2.1 T PYTHON3.9.1 By PSFVFRI PN . . o o o e 236
C22  JT PYTHON 2.0 iy BEOPEN.COM #FR[ P8 . . . o oo o oo 237
C23 HT PYTHON L.6.1 () CNRIVFR[PMY . . o o oo e 238
C24 MTFTPYTHONO09.0 £ 128 CWIFR[ ML . . . o o o oo oo o 239

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.1 DOCUMENTA-
TION . . e e 239
C3  WREAFRVERIE SIS . . e 239
C3.1  Mersenne TWISIET . . . . . v v v v e i e e e e e e e e e e e e e e e e e e e e 240
C32  EBIET e 240
C33 JFEEBTIRS .. . e e 241
C3.4 Cookie B . . . . o e 241
C35 PATIBEE . . . o e 242
C3.6 UUencode 5 UUdecode BREL . -« -« v v v v v v e e e e e e e e e e 242
C3.7 XML IEFEFE « . o 243
C.3.8  test_epoll . . . . L e e e e e e e 243
C.3.9  Selectkqueue . . . . . . . . e e e e e 244
C3.10 SipHash24 . . . . . . . e e e 244
C3.11 strtod FI dtoa . . . . . . o o e e e 245
C3.12 OpenSSL . . . . o e 245
C3U13 exXpat. . . o v v e e e e e e e e e e e e e e 248
C3.14 Ibfli . . . o o e e e 248
C3.15 zlib . . o e e e e e 249
C.3.16 cfuhash . . . . . . . . . e e 249
C3.17 lbmpdec . . . . . . . e e 250
C.3.18 W3CCHUNMNAEM . . o e 250
D Jifl 253
#l 255




The Python/C API, %% 3.9.1

ARFWHER T i B 4 5 9 AL Python fRE S AL HREFF FE) C Al C++ FE/F B AT Y APL, i)
Iy ] PAZ Y extending-index , HA A TP A E YN, (HIEA FEANTEIA APT BT

Contents 1



The Python/C API, % 3.9.1

2 Contents



CHAPTER 1

Python {57 [l 245 11 (API) filif C Fl C++ R 7 A AT DATEZ N2 G L7 Python i RERS . 1% APLTE
Cor+ el A, G TR fedliid, e R Ry Python/C APL. i /] Python/C APL A7~ BEAS I 2 «
BRI THRE HY TS & At sk B2 Y & Python RS I RERY C Bibk. X AEI2 e

WEBE 5. 5 A E i 2 Ff Python JAE S ALY I AU ZELAT S5 X33 5 Wk R AE— A L i
embedding Python.,

9 S AR S RN R UL 5 TRRAR, WIDAE “3GE” MR G R T A A —
SERERE B S X —d A . IR ANTE AR ] Fif A Python RUBIA R CA 2, {Hisk A Python i FE%
ARG Y RAELGAFETT B E -

W2 APL BRAEAR R A BGE Y Python X AR 5 NEREE L HEE I 5 BLAh, KAk A Python 1M ]
FEFPAR A EHR ML A YR, AR AR S bR B H A Python Z BTSSRI 5 IV 1% &2 M 12

JTh O

1.1 K4k

WARARAE 24 S ] 175 T CPython 1) C AURY, R BAUEIETE PEP 7 g ORI M AIARIE . X245 S
JEUUSE AR AR BT 2 A Python HUAS . TR SR F T RS =I5 I AR AT DA 46 B X 2L ALY,
B ARIRIE A AE H 517 Python TTikIX LERLER

1.2 B&XHF

{1} Python/C AP Tl BEAYATRRR £, EZUHN 0 SCRT il N AT 1A & BRI AU Z

#define PY_SSIZE_T_CLEAN
#include <Python.h>

XERE AL FFRESL S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERAH).

{:: BT Python RJ RS L —LUREAEHLLE R G0 b 52 AR Sk SO TAL BRER E SC, PR IR A S ARl
W2 T, R 54/ 5e404 Python . h,
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It is recommended to always define PY_SSIZE_T_CLEAN before including Python . h. See % &) 45 % T & %
1% for a description of this macro.

Python.h s SCAY AR Fa] WAAFR (Ph 38 SR ESK SCPRRTE LRIRAL ) BRI RIZR Py B0 _Py. DA
_Py kB B (it Python SCHLNFERGE IR, ARG a5 & (T o S5 A B 4 PRI DR B RTEHL

{Ef#:  User code should never define names that begin with Py or _Py. This confuses the reader, and jeopardizes
the portability of the user code to future Python versions, which may define additional names beginning with one of
these prefixes.

S 2 5 Python —#t 27388 fE Unix |, BN T LA N H ¥ :prefix/include/pythonversion/
M exec_prefix/include/pythonversion/, HH prefix ] exec_prefix &M [a] Python [1)
configure HIANE AR IE S E X, T version WK '$d.%d' % sys.version_info[:2]. fF
Windows |, L343 T prefix/include, HH prefix j& W ZRERET 5 e L% H %,
BALE S SO, WA B S (ARSI ) #OBCE AR AT b an i L S R ik AR b . 3 2R A0 H SO
BERBEARGMA #include <pythonX.Y/Python.h>; XRHEREZ-FEHFARTH, KN prefix
B TR K IR EAE K H exec_prefix MREE GRS

C++ users should note that although the API is defined entirely using C, the header files properly declare the entry
points to be extern "C". As a result, there is no need to do anything special to use the API from C++.

1.3 FHME

Python S S E SUT — 2847 Y« VF22 R AR SR B ATl TR 7 SURY (BN Py_RETURN_NONE ).
AR Ay P A 0 Sk L. X HE I R AN R — A e s 3R
Py_UNREACHABLE ()

Use this when you have a code path that cannot be reached by design. For example, in the default : clause

in a switch statement for which all possible values are covered in case statements. Use this in places where
you might be tempted to put an assert (0) or abort () call.

In release mode, the macro helps the compiler to optimize the code, and avoids a warning about unreachable
code. For example, the macro is implemented with __builtin_unreachable () on GCC in release
mode.

A use for Py_ UNREACHABLE () is following a call a function that never returns but that is not declared
_Py_NO_RETURN.

If a code path is very unlikely code but can be reached under exceptional case, this macro must not be used.
For example, under low memory condition or if a system call returns a value out of the expected range. In this
case, it’s better to report the error to the caller. If the error cannot be reported to caller, Py_FatalError ()
can be used.

3.7 B fE.

Py_ABS (x)
R[] = 4

3.3 B fE.

Py_MIN (X, y)
R x iy M4 R IME .

3.3 BRI HE.

Py_MAX (X,y)
R = Fly MR .

3.3 B
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Py_STRINGIFY (x)
¥ x ok C #4478, Bl Py_STRINGIFY (123) i&[H] "123",
3.4 FriR e
Py_MEMBER_SIZE (type, member)
RIIZEH (type) member R/, PAFTFRIR.
3.6 FriRIIEE.
Py_CHARMASK (c)

SN [-128, 127] B [0, 255 i Bl NI FAF BB A . XA 200 ¢ s il #45°h unsigned
char iR,

Py_GETENV (s)
Like getenv(s), but returns NULL if -E was passed on the command line (i.e. if
Py_IgnoreEnvironmentFlag is set).

Py_UNUSED (arg)
Use this for unused arguments in a function definition to silence compiler warnings. Example: int
func (int a, int Py_UNUSED (b)) { return a; }.

3.4 B fE.

Py_DEPRECATED (version)
Use this for deprecated declarations. The macro must be placed before the symbol name.

NV

Py_DEPRECATED (3.8) PyAPI_FUNC (int) Py_OldFunction (void) ;

15 3.8 REEH: MSVC support was added.

PyDoc_STRVAR (name, Str)
Creates a variable with name name that can be used in docstrings. If Python is built without docstrings, the
value will be empty.

Use PyDoc_ STRVAR for docstrings to support building Python without docstrings, as specified in PEP 7.
ZNE

PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");

static PyMethodDef deque_methods[] = {
V2R
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
VYR

PyDoc_STR (str)
Creates a docstring for the given input string or an empty string if docstrings are disabled.

Use PyDoc_STR in specifying docstrings to support building Python without docstrings, as specified in PEP
7.

il

static PyMethodDef pysglite_row_methods[] = {
{"keys", (PyCFunction)pysqglite_row_keys, METH_NOARGS,
PyDoc_STR("Returns the keys of the row.")},
{NULL, NULL}
bi

13. EME 5
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1.4 &R, £BF05|BitH

Most Python/C API functions have one or more arguments as well as a return value of type PyOb ject *. This type
is a pointer to an opaque data type representing an arbitrary Python object. Since all Python object types are treated
the same way by the Python language in most situations (e.g., assignments, scope rules, and argument passing), it
is only fitting that they should be represented by a single C type. Almost all Python objects live on the heap: you
never declare an automatic or static variable of type PyOb ject, only pointer variables of type PyObject * can
be declared. The sole exception are the type objects; since these must never be deallocated, they are typically static
PyTypeObject objects.

FirA Python X142 (#L % Python 3%5) H5A —1 type Fil—-> reference count ., ¥4 2B 2 BT 4255
BTG (A%, Rk H Foe SCREG IS Z, 4 types HTA ) o XA AP EV ARG 2E 8, #G—
N ERIGER G R BT HIEL BN, 24 (HALY) a FrigfxT4e 2 Python 51} PyList_Check (a)
HE.

1.4.1 S|RHH

The reference count is important because today’s computers have a finite (and often severely limited) memory size; it
counts how many different places there are that have a reference to an object. Such a place could be another object, or
a global (or static) C variable, or a local variable in some C function. When an object’s reference count becomes zero,
the object is deallocated. If it contains references to other objects, their reference count is decremented. Those other
objects may be deallocated in turn, if this decrement makes their reference count become zero, and so on. (There’s
an obvious problem with objects that reference each other here; for now, the solution is "don’t do that.”)

Reference counts are always manipulated explicitly. The normal way is to use the macro Py_ TNCREF () to increment
an object’s reference count by one, and Py_ DECREF () to decrement it by one. The Py DECREF () macro is
considerably more complex than the incref one, since it must check whether the reference count becomes zero and then
cause the object’s deallocator to be called. The deallocator is a function pointer contained in the object’s type structure.
The type-specific deallocator takes care of decrementing the reference counts for other objects contained in the object
if this is a compound object type, such as a list, as well as performing any additional finalization that’s needed. There’s
no chance that the reference count can overflow; at least as many bits are used to hold the reference count as there
are distinct memory locations in virtual memory (assuming sizeof (Py_ssize_t) >= sizeof (void*)).
Thus, the reference count increment is a simple operation.

It is not necessary to increment an object’s reference count for every local variable that contains a pointer to an object.
In theory, the object’s reference count goes up by one when the variable is made to point to it and it goes down by
one when the variable goes out of scope. However, these two cancel each other out, so at the end the reference count
hasn’t changed. The only real reason to use the reference count is to prevent the object from being deallocated as long
as our variable is pointing to it. If we know that there is at least one other reference to the object that lives at least as
long as our variable, there is no need to increment the reference count temporarily. An important situation where this
arises is in objects that are passed as arguments to C functions in an extension module that are called from Python;
the call mechanism guarantees to hold a reference to every argument for the duration of the call.

However, a common pitfall is to extract an object from a list and hold on to it for a while without incrementing its
reference count. Some other operation might conceivably remove the object from the list, decrementing its reference
count and possibly deallocating it. The real danger is that innocent-looking operations may invoke arbitrary Python
code which could do this; there is a code path which allows control to flow back to the user from a Py_ DECREF (),
so almost any operation is potentially dangerous.

A safe approach is to always use the generic operations (functions whose name begins with PyObject_,
PyNumber_, PySequence_ or PyMapping_). These operations always increment the reference count of the
object they return. This leaves the caller with the responsibility to call Py DECREF () when they are done with the
result; this soon becomes second nature.

6 Chapter 1. i
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Reference Count Details

The reference count behavior of functions in the Python/C API is best explained in terms of ownership of references.
Ownership pertains to references, never to objects (objects are not owned: they are always shared). "Owning a
reference” means being responsible for calling Py_ DECREF on it when the reference is no longer needed. Ownership
can also be transferred, meaning that the code that receives ownership of the reference then becomes responsible for
eventually decref’ing it by calling Py_ DECREF () or Py_XDECREF () when it’s no longer needed---or passing on
this responsibility (usually to its caller). When a function passes ownership of a reference on to its caller, the caller is
said to receive a new reference. When no ownership is transferred, the caller is said to borrow the reference. Nothing
needs to be done for a borrowed reference.

Conversely, when a calling function passes in a reference to an object, there are two possibilities: the function steals
a reference to the object, or it does not. Stealing a reference means that when you pass a reference to a function, that
function assumes that it now owns that reference, and you are not responsible for it any longer.

Few functions steal references; the two notable exceptions are PyList_SetItem() and
PyTuple_SetItem(), which steal a reference to the item (but not to the tuple or list into which the item
is put!). These functions were designed to steal a reference because of a common idiom for populating a tuple or
list with newly created objects; for example, the code to create the tuple (1, 2, "three") could look like this
(forgetting about error handling for the moment; a better way to code this is shown below):

PyObject *t;

t = PyTuple_New

(3)7
PyTuple_SetItem(

(

(

3

t, 0, PyLong_FromLong (1lL));

t, 1, PyLong_FromLong(2L));

t, 2, PyUnicode_FromString("three"));

PyTuple_SetItem
PyTuple_SetItem

Here, PyLong_FromLong () returns a new reference which is immediately stolen by Py Tuple_SetItem().
‘When you want to keep using an object although the reference to it will be stolen, use Py_ TNCREF () to grab another
reference before calling the reference-stealing function.

Incidentally, PyTuple SetItem() is the only way to set tuple items; PySequence_ SetItem() and
PyObject_SetItem() refuse to do this since tuples are an immutable data type. You should only use
PyTuple_SetItem () for tuples that you are creating yourself.

Equivalent code for populating a list can be written using PyList_New () and PyList_SetItem().

However, in practice, you will rarely use these ways of creating and populating a tuple or list. There’s a generic
function, Py_BuildValue (), that can create most common objects from C values, directed by a format string.
For example, the above two blocks of code could be replaced by the following (which also takes care of the error
checking):

PyObject *tuple, *1list;

tuple = Py_Buildvalue(" (iis)", 1, 2, "three");
list = Py_Buildvalue("[iis]", 1, 2, "three");

It is much more common to use PyObject_SetItem () and friends with items whose references you are only
borrowing, like arguments that were passed in to the function you are writing. In that case, their behaviour regarding
reference counts is much saner, since you don’t have to increment a reference count so you can give a reference away
("have it be stolen”). For example, this function sets all items of a list (actually, any mutable sequence) to a given
item:

int
set_all (PyObject *target, PyObject *item)
{

Py_ssize_t i, n;

n = PyObject_Length (target);
if (n < 0)
return -1;

Q)

14. K. RBMS| At 7
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for (i = 0; 1 < n; i++) |
PyObject *index = PyLong_FromSsize_t (i);
if (!index)
return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
t
Py_DECREF (index) ;
3

return 0;

The situation is slightly different for function return values. While passing a reference to most functions does not
change your ownership responsibilities for that reference, many functions that return a reference to an object give you
ownership of the reference. The reason is simple: in many cases, the returned object is created on the fly, and the
reference you get is the only reference to the object. Therefore, the generic functions that return object references, like
PyObject_GetItem() and PySequence_GetItem (), always return a new reference (the caller becomes
the owner of the reference).

It is important to realize that whether you own a reference returned by a function depends on which function you call
only --- the plumage (the type of the object passed as an argument to the function) doesnt enter into it! Thus, if you
extract an item from a list using PyList_Get Item (), you don’t own the reference --- but if you obtain the same
item from the same list using PySequence_GetItem () (which happens to take exactly the same arguments),
you do own a reference to the returned object.

Here is an example of how you could write a function that computes the sum of the items in a list of integers; once
using PyList_GetItem(),and once using PySequence_GetItem().

long

sum_list (PyObject *1list)

{
Py_ssize_t i, nj;
long total = 0, value;
PyObject *item;

n = PyList_Size(list);
if (n < 0)
return -1; /* Not a list */
for (i = 0; i < n; i++) {
item PyList_GetItem(list, 1i); /* Can't fail */
if (!PyLong_Check (item)) continue; /* Skip non-integers */
value = PyLong_AsLong(item);
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += value;

}

return total;

long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)
return -1; /* Has no length */
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(8L 7))
for (i = 0; i < n; i++) {
item = PySequence_GetItem(sequence, 1i);
if (item == NULL)

return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {
value = PyLong_AsLong (item);
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += wvalue;
}
else {
Py_DECREF (item); /* Discard reference ownership */

}

return total;

1.4.2 2R

There are few other data types that play a significant role in the Python/C API; most are simple C types such as
int, long, double and char*. A few structure types are used to describe static tables used to list the functions
exported by a module or the data attributes of a new object type, and another is used to describe the value of a
complex number. These will be discussed together with the functions that use them.

1.5 &

Python )7 01 U S TR E R AL B R e o5 RALBERY S & Bl i i &, RS8R 4
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For C programmers, however, error checking always has to be explicit. All functions in the Python/C API can raise
exceptions, unless an explicit claim is made otherwise in a function’s documentation. In general, when a function
encounters an error, it sets an exception, discards any object references that it owns, and returns an error indicator.
If not documented otherwise, this indicator is either NULL or —1, depending on the function’s return type. A few
functions return a Boolean true/false result, with false indicating an error. Very few functions return no explicit error
indicator or have an ambiguous return value, and require explicit testing for errors with PyErr Occurred().
These exceptions are always explicitly documented.

Exception state is maintained in per-thread storage (this is equivalent to using global storage in an unthreaded applica-
tion). A thread can be in one of two states: an exception has occurred, or not. The function PyErr_Occurred ()
can be used to check for this: it returns a borrowed reference to the exception type object when an exception has
occurred, and NULL otherwise. There are a number of functions to set the exception state: PyErr_ SetString()
is the most common (though not the most general) function to set the exception state, and PyErr_Clear () clears
the exception state.

The full exception state consists of three objects (all of which can be NULL): the exception type, the corresponding
exception value, and the traceback. These have the same meanings as the Python result of sys.exc_info();
however, they are not the same: the Python objects represent the last exception being handled by a Python try ...
except statement, while the C level exception state only exists while an exception is being passed on between C
functions until it reaches the Python bytecode interpreter’s main loop, which takes care of transferring it to sys.
exc_info () and friends.

Note that starting with Python 1.5, the preferred, thread-safe way to access the exception state from Python code is
to call the function sys.exc_info (), which returns the per-thread exception state for Python code. Also, the
semantics of both ways to access the exception state have changed so that a function which catches an exception will
save and restore its thread’s exception state so as to preserve the exception state of its caller. This prevents common
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bugs in exception handling code caused by an innocent-looking function overwriting the exception being handled; it
also reduces the often unwanted lifetime extension for objects that are referenced by the stack frames in the traceback.

As a general principle, a function that calls another function to perform some task should check whether the called
function raised an exception, and if so, pass the exception state on to its caller. It should discard any object references
that it owns, and return an error indicator, but it should nof set another exception --- that would overwrite the exception
that was just raised, and lose important information about the exact cause of the error.

A simple example of detecting exceptions and passing them on is shown in the sum_sequence () example above.
It so happens that this example doesn’t need to clean up any owned references when it detects an error. The following
example function shows some error cleanup. First, to remind you why you like Python, we show the equivalent Python
code:

def incr_item(dict, key):
try:
item = dict[key]
except KeyError:
item = 0
dict[key] = item + 1

Here is the corresponding C code, in all its glory:

int

incr_item (PyObject *dict, PyObject *key)

{
/* Objects all initialized to NULL for Py_XDECREF */
PyObject *item = NULL, *const_one = NULL, *incremented_item = NULL;
int rv = -1; /* Return value initialized to -1 (failure) */

item = PyObject_GetItem(dict, key);
if (item == NULL) {
/* Handle KeyError only: */
if (!PyErr_ExceptionMatches (PyExc_KeyError))
goto error;

/* Clear the error and use zero: */
PyErr_Clear();
item = PyLong_FromLong (0L) ;
if (item == NULL)
goto error;
3
const_one = PyLong_FromLong (1L);
if (const_one == NULL)
goto error;

incremented_item = PyNumber_Add(item, const_one);
if (incremented_item == NULL)
goto error;

if (PyObject_SetItem(dict, key, incremented_item) < 0)
goto error;

rv = 0; /* Success */

/* Continue with cleanup code */

error:
/* Cleanup code, shared by success and failure path */

/* Use Py_XDECREF () to ignore NULL references */
Py_XDECREF (item) ;

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item) ;

return rv; /* -1 for error, 0 for success */

Q)
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This example represents an endorsed use of the goto statement in C! It illustrates the use of
PyErr_ExceptionMatches () and PyErr_Clear () to handle specific exceptions, and the use of
Py_XDECREF () to dispose of owned references that may be NULL (note the 'X"' in the name; Py_ DECREF ()
would crash when confronted with a NULL reference). It is important that the variables used to hold owned
references are initialized to NULL for this to work; likewise, the proposed return value is initialized to —1 (failure)
and only set to success after the final call made is successful.

1.6 #& A Python

The one important task that only embedders (as opposed to extension writers) of the Python interpreter have to worry
about is the initialization, and possibly the finalization, of the Python interpreter. Most functionality of the interpreter
can only be used after the interpreter has been initialized.

The basic initialization functionis Py Tnitialize (). This initializes the table of loaded modules, and creates the
fundamental modules builtins, __main__, and sys. It also initializes the module search path (sys.path).

Py_TInitialize () does not set the "script argument list” (sys.argv). If this variable is needed by Python
code that will be executed later, it must be set explicitly with a call to PySys_SetArgvEx (argc, argv,
updatepath) afterthecallto Py Tnitialize ().

On most systems (in particular, on Unix and Windows, although the details are slightly different),
Py_TInitialize () calculates the module search path based upon its best guess for the location of the standard
Python interpreter executable, assuming that the Python library is found in a fixed location relative to the Python in-
terpreter executable. In particular, it looks for a directory named 1ib/pythonX. Y relative to the parent directory
where the executable named python is found on the shell command search path (the environment variable PATH).

For instance, if the Python executable is found in /usr/local/bin/python, it will assume that the libraries
arein /usr/local/lib/pythonX. Y. (Infact, this particular path is also the "fallback” location, used when no
executable file named python is found along PATH.) The user can override this behavior by setting the environment
variable PYTHONHOME, or insert additional directories in front of the standard path by setting PYTHONPATH.

The embedding application can steer the search by calling Py_SetProgramName (file) before calling
Py_Initialize (). Note that PYTHONHOME still overrides this and PYTHONPATH is still inserted in front
of the standard path. An application that requires total control has to provide its own implementation of
Py_GetPath (), Py_GetPrefix (), Py_GetExecPrefix (), and Py _GetProgramFullPath () (all
defined in Modules/getpath.c).

Sometimes, it is desirable to uninitialize” Python. For instance, the application may want to start over (make
another call to Py_TInitialize ()) or the application is simply done with its use of Python and wants to
free memory allocated by Python. This can be accomplished by calling Py_FinalizeEx (). The function
Py _IsInitialized () returns true if Python is currently in the initialized state. More information about these
functions is given in a later chapter. Notice that Py_FinalizeEx () does not free all memory allocated by the
Python interpreter, e.g. memory allocated by extension modules currently cannot be released.

1.7 iEifa@

Python can be built with several macros to enable extra checks of the interpreter and extension modules. These
checks tend to add a large amount of overhead to the runtime so they are not enabled by default.

A full list of the various types of debugging builds is in the file Misc/SpecialBuilds. txt in the Python source
distribution. Builds are available that support tracing of reference counts, debugging the memory allocator, or low-
level profiling of the main interpreter loop. Only the most frequently-used builds will be described in the remainder
of this section.
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Compiling the interpreter with the Py_ DEBUG macro defined produces what is generally meant by “a debug build” of
Python. Py_DEBUG is enabled in the Unix build by adding ——with-pydebugtothe . /configure command.
It is also implied by the presence of the not-Python-specific _DEBUG macro. When Py_DEBUG is enabled in the
Unix build, compiler optimization is disabled.

B 7 AR RO A, B RAT AT B ME A
o BOMEALRFAS N E X R BLas -

TN LTS TN 2 AT S R 20 13 o
* Downcasts from wide types to narrow types are checked for loss of information.
s FZIWTE RS MBI FIMAE G LI . T35h, RENRTFE test_c_api () Tk,
o B ASEURN SRR AR I B HESE 1
o A E MM TCRARAR IR R TEE , DA R AR T 15 A -
o ISR Z IR ERAIBS M) S A A B R BB AT o
 Extra checks are added to the memory arena implementation.
o GSIAEME R LA

AR SRR B AR A

Defining Py_ TRACE_REF'S enables reference tracing. When defined, a circular doubly linked list of active objects
is maintained by adding two extra fields to every PyObject. Total allocations are tracked as well. Upon exit,
all existing references are printed. (In interactive mode this happens after every statement run by the interpreter.)
Implied by Py_DEBUG.

BHRXEZHAMER, 1S5 Python JEISH1#) Misc/SpecialBuilds.txt .
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CHAPTER 3

The Very High Level Layer

The functions in this chapter will let you execute Python source code given in a file or a buffer, but they will not let
you interact in a more detailed way with the interpreter.

Several of these functions accept a start symbol from the grammar as a parameter. The available start symbols are
Py_eval_input, Py_file_input, and Py_single_input. These are described following the functions
which accept them as parameters.

Note also that several of these functions take FILE* parameters. One particular issue which needs to be handled
carefully is that the FILE structure for different C libraries can be different and incompatible. Under Windows (at
least), it is possible for dynamically linked extensions to actually use different libraries, so care should be taken that
FILE* parameters are only passed to these functions if it is certain that they were created by the same library that
the Python runtime is using.

int Py_Main (int argc, wechar_t **argv)
The main program for the standard interpreter. This is made available for programs which embed Python.
The argc and argv parameters should be prepared exactly as those which are passed to a C program’s main ()
function (converted to wchar_t according to the user’s locale). It is important to note that the argument list
may be modified (but the contents of the strings pointed to by the argument list are not). The return value will
be 0 if the interpreter exits normally (i.e., without an exception), 1 if the interpreter exits due to an exception,
or 2 if the parameter list does not represent a valid Python command line.

Note that if an otherwise unhandled SystemExit is raised, this function will not return 1, but exit the
process, as long as Py_InspectFlag is not set.

int Py_BytesMain (int argc, char **argv)
Similar to Py_Main () but argv is an array of bytes strings.

3.8 BRI HE.

int PyRun_AnyFile (FILE *fp, const char *filename)
This is a simplified interface to PyRun_AnyFileExFlags () below, leaving closeit set to 0 and flags set
to NULL.

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
This is a simplified interface to PyRun_AnyFileExFlags () below, leaving the closeit argument set to O.

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
This is a simplified interface to PyRun_AnyFileExFlags () below, leaving the flags argument set to
NULL.

15
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int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
If fp refers to a file associated with an interactive device (console or terminal input or Unix
pseudo-terminal), return the value of PyRun_InteractiveLoop (), otherwise return the re-
sult of PyRun_SimpleFile(). filename 1is decoded from the filesystem encoding (sys.
getfilesystemencoding () ). If filename is NULL, this function uses " 2?2 ?" as the filename.

int PyRun_SimpleString (const char *command)
This is a simplified interface to PyRun_SimpleStringFlags () below, leaving the
PyCompilerFlags* argument set to NULL.

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
Executes the Python source code from command in the __main___ module according to the flags argument.
If _ _main__ does not already exist, it is created. Returns O on success or —1 if an exception was raised. If
there was an error, there is no way to get the exception information. For the meaning of flags, see below.

Note that if an otherwise unhandled SystemExit is raised, this function will not return —1, but exit the
process, as long as Py_ InspectFlag is not set.

int PyRun_SimpleFile (FILE *fp, const char *filename)
This is a simplified interface to PyRun_SimpleFileExFlags () below, leaving closeit set to O and flags
set to NULL.

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
This is a simplified interface to PyRun_SimpleFileExFlags () below, leaving flags set to NULL.

int PyRun_SimpleFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
Similar to PyRun_SimpleStringFlags (), but the Python source code is read from fp instead of an
in-memory string. filename should be the name of the file, it is decoded from the filesystem encoding (sys .
getfilesystemencoding ()). If closeit is true, the file is closed before PyRun_SimpleFileExFlags re-
turns.

Wf#:  On Windows, fp should be opened as binary mode (e.g. fopen (filename, "rb")). Otherwise,
Python may not handle script file with LF line ending correctly.

int PyRun_InteractiveOne (FILE *fp, const char *filename)
This is a simplified interface to PyRun_InteractiveOneFlags () below, leaving flags set to NULL.

int PyRun_InteractiveOneF1lags (FILE *fp, const char *filename, PyCompilerFlags *flags)
Read and execute a single statement from a file associated with an interactive device according to the flags
argument. The user will be prompted using sys.psland sys.ps2. filename is decoded from the filesystem
encoding (sys.getfilesystemencoding ()).

Returns 0 when the input was executed successfully, —1 if there was an exception, or an error code from the
errcode. h include file distributed as part of Python if there was a parse error. (Note that errcode.h is
not included by Python . h, so must be included specifically if needed.)

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
This is a simplified interface to PyRun_InteractiveLoopFlags () below, leaving flags set to NULL.

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
Read and execute statements from a file associated with an interactive device until EOF is reached. The user
will be prompted using sys.psl and sys.ps2. filename is decoded from the filesystem encoding (sys .
getfilesystemencoding () ). Returns 0 at EOF or a negative number upon failure.

int (*PyOS_InputHook) (void)
Can be set to point to a function with the prototype int func (void). The function will be called when
Python’s interpreter prompt is about to become idle and wait for user input from the terminal. The return value
is ignored. Overriding this hook can be used to integrate the interpreter’s prompt with other event loops, as
done in the Modules/_tkinter. c in the Python source code.

char* (*PyOS_ReadlineFunctionPointer) (FILE * FILE * const char *)
Can be set to point to a function with the prototype char *func (FILE *stdin, FILE *stdout,
char *prompt), overriding the default function used to read a single line of input at the interpreter’s
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prompt. The function is expected to output the string prompt if it’s not NULL, and then read a line of in-
put from the provided standard input file, returning the resulting string. For example, The readl ine module
sets this hook to provide line-editing and tab-completion features.

The result must be a string allocated by PyMem_RawMalloc () or PyMem_RawRealloc (), or NULL if
an error occurred.

TF 3.4 fi B B The result must be allocated by PyMem RawMalloc () or PyMem_RawRealloc (),
instead of being allocated by PyMem Malloc () or PyMem Realloc ().

struct _node* PyParser_SimpleParseString (const char *str, int start)
This is a simplified interface to PyParser SimpleParseStringFlagsFilename () below, leaving
filename set to NULL and flags set to 0.

Deprecated since version 3.9, will be removed in version 3.10.

struct _node* PyParser_SimpleParseStringFlags (const char *str, int start, int flags)
This is a simplified interface to PyParser_SimpleParseStringFlagsFilename () below, leaving
filename set to NULL.

Deprecated since version 3.9, will be removed in version 3.10.

struct _node* PyParser_SimpleParseStringFlagsFilename (const char *st, const char *file-
name, int start, int flags)
Parse Python source code from st using the start token start according to the flags argument. The re-
sult can be used to create a code object which can be evaluated efficiently. This is useful if a code
fragment must be evaluated many times. filename is decoded from the filesystem encoding (sys.
getfilesystemencoding()).

Deprecated since version 3.9, will be removed in version 3.10.

struct _node* PyParser_SimpleParseFile (FILE *fp, const char *filename, int start)
This is a simplified interface to PyParser_ SimpleParseFileFlags () below, leaving flags set to 0.

Deprecated since version 3.9, will be removed in version 3.10.

struct _node* PyParser_SimpleParseFileFlags (FILE *fp, const char *filename, int start,
int flags)
Similar to PyParser SimpleParseStringFlagsFilename (), butthe Python source code is read
from fp instead of an in-memory string.

Deprecated since version 3.9, will be removed in version 3.10.

PyObject* PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. This is a simplified interface to PyRun_StringFlags () below, leaving flags
set to NULL.

PyObject* PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompil-
erFlags *flags)
Return value: New reference. Execute Python source code from st in the context specified by the objects
globals and locals with the compiler flags specified by flags. globals must be a dictionary; locals can be any
object that implements the mapping protocol. The parameter start specifies the start token that should be used
to parse the source code.

Returns the result of executing the code as a Python object, or NULL if an exception was raised.

PyObject* PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. This is a simplified interface to PyRun_FileExFlags () below, leaving
closeit set to 0 and flags set to NULL.

PyObject* PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,

int closeit)
Return value: New reference. This is a simplified interface to PyRun_FileExFlags () below, leaving flags

set to NULL.

PyObject* PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *lo-
cals, PyCompilerFlags *flags)
Return value: New reference. This is a simplified interface to PyRun_FileExFlags () below, leaving
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closeit set to 0.

PyObject* PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyOb-
Ject *locals, int closeit, PyCompilerFlags *flags)
Return value: New reference. Similar to PyRun_StringFlags (), but the Python source code is read
from fp instead of an in-memory string. filename should be the name of the file, it is decoded from the
filesystem encoding (sys.getfilesystemencoding ()). If closeit is true, the file is closed before
PyRun_FileExFlags () returns.

PyObject* Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. This is a simplified interface to Py CompileStringFlags () below, leaving
flags set to NULL.

PyObject* Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompiler-
Flags *flags)
Return value: New reference. This is a simplified interface to Py_CompileStringExFlags () below,
with optimize set to —1.

PyObject* Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompiler-
Flags *flags, int optimize)
Return value: New reference. Parse and compile the Python source code in str, returning the resulting code
object. The start token is given by start; this can be used to constrain the code which can be compiled and should
be Py_eval_input,Py_file_input,or Py_single_input. The filename specified by filename is
used to construct the code object and may appear in tracebacks or SyntaxError exception messages. This
returns NULL if the code cannot be parsed or compiled.

The integer optimize specifies the optimization level of the compiler; a value of —1 selects the optimization
level of the interpreter as given by —O options. Explicit levels are 0 (no optimization; ___debug___is true), 1
(asserts are removed, ___debug___is false) or 2 (docstrings are removed too).

3.4 BN RE.

PyObject* Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompiler-
Flags *flags, int optimize)
Return value: New reference. Like Py_CompileStringObject (), but filename is a byte string decoded
from the filesystem encoding (os . fsdecode () ).

3.2 B RE.

PyObject* PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. This is a simplified interface to PyEval_EvalCodeEx (), with just the code
object, and global and local variables. The other arguments are set to NULL.

PyObject* PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject
*const *args, int argcount, PyObject *const *kws, int kwcount, PyObject
*const *defs, int defcount, PyObject *kwdefs, PyObject *closure)
Return value: New reference. Evaluate a precompiled code object, given a particular environment for its evalu-
ation. This environment consists of a dictionary of global variables, a mapping object of local variables, arrays
of arguments, keywords and defaults, a dictionary of default values for keyword-only arguments and a closure
tuple of cells.

PyFrameObject
The C structure of the objects used to describe frame objects. The fields of this type are subject to change at
any time.

PyObject* PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference.  Evaluate an execution frame. This is a simplified interface to
PyEval_FEvalFrameEx (), for backward compatibility.

PyObject* PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. This is the main, unvarnished function of Python interpretation. The code object
associated with the execution frame f is executed, interpreting bytecode and executing calls as needed. The
additional throwflag parameter can mostly be ignored - if true, then it causes an exception to immediately be
thrown; this is used for the throw () methods of generator objects.
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TE 3.4 B B This function now includes a debug assertion to help ensure that it does not silently discard an
active exception.

int PyEval_MergeCompilerF1lags (PyCompilerFlags *cf)
This function changes the flags of the current evaluation frame, and returns true on success, false on failure.

int Py_eval_input
The start symbol from the Python grammar for isolated expressions; for use with Py_CompileString().

int Py_file_input
The start symbol from the Python grammar for sequences of statements as read from a file or other source; for
use with Py_ CompileString (). This is the symbol to use when compiling arbitrarily long Python source
code.

int Py_single_input
The start symbol from the Python grammar for a single statement; for use with Py CompileString ().
This is the symbol used for the interactive interpreter loop.

struct PyCompilerFlags
This is the structure used to hold compiler flags. In cases where code is only being compiled, it is passed as
int flags, and in cases where code is being executed, it is passed as PyCompilerFlags *flags. In
this case, from __ future__ import can modify flags.

Whenever PyCompilerFlags *flagsis NULL, cf_flags is treated as equal to 0, and any modifica-
tiondue to from _ future_  import is discarded.

int cf_flags
Compiler flags.

int cf_feature_version
¢f_feature_version is the minor Python version. It should be initialized to PY_MINOR_VERSION.

The field is ignored by default, it is used if and only if PyCF_ONLY_AST flag is set in ¢f_flags.
TE 3.8 WP Added cf _feature_version field.

int CO_FUTURE_DIVISION
This bit can be set in flags to cause division operator / to be interpreted as “true division” according to PEP
238.
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void Py_ CLEAR (PyObject *0)
WD XTSE o BB TS X AT DA NULL, ZESUTE O N EAT AT RO AE M ol =l
REPy DECREF () #[F], RHFETHSEW YN NULL, £XPy_DECREF () (&N
T HHEBRRIRT S, A7 S oM — NI B AR S AR D He g | R BRFS40% A NULL,
o 214 el DA E AR [ 3Y 6] BT g 2> i D R e g g, %S RN R,

PAF B $0E T Python 1247 81 & #k A: Py_IncRef (PyObject *o), Py_DecRef (PyObject

*0) o BN HIRIEPy XINCREF () MPy_XDECREF () Wfaj 8-S H pR B AN .

PA R BR BB AN W] 7E R RE g8 0 W AR F: _Py_Dealloc (), _Py_ForgetReference(),
_Py_NewReference () PANERASHE Py _RefTotal.
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CHAPTER D
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The functions described in this chapter will let you handle and raise Python exceptions. It is important to understand
some of the basics of Python exception handling. It works somewhat like the POSIX errno variable: there is a
global indicator (per thread) of the last error that occurred. Most C API functions don’t clear this on success, but will
set it to indicate the cause of the error on failure. Most C API functions also return an error indicator, usually NULL
if they are supposed to return a pointer, or -1 if they return an integer (exception: the PyArg_* () functions return
1 for success and O for failure).

Concretely, the error indicator consists of three object pointers: the exception’s type, the exception’s value, and the
traceback object. Any of those pointers can be NULL if non-set (although some combinations are forbidden, for
example you can’t have a non-NULL traceback if the exception type is NULL).

When a function must fail because some function it called failed, it generally doesn’t set the error indicator; the
function it called already set it. It is responsible for either handling the error and clearing the exception or returning
after cleaning up any resources it holds (such as object references or memory allocations); it should rot continue
normally if it is not prepared to handle the error. If returning due to an error, it is important to indicate to the caller
that an error has been set. If the error is not handled or carefully propagated, additional calls into the Python/C API
may not behave as intended and may fail in mysterious ways.

{Efit:  The error indicator is not the result of sys.exc_info (). The former corresponds to an exception that
is not yet caught (and is therefore still propagating), while the latter returns an exception after it is caught (and has
therefore stopped propagating).

5.1 Printing and clearing

void PyErr_Clear ()
Clear the error indicator. If the error indicator is not set, there is no effect.

void PyErr_PrintEx (int set_sys_last_vars)
Print a standard traceback to sy s . st derr and clear the error indicator. Unless the errorisa SystemExit,
in that case no traceback is printed and the Python process will exit with the error code specified by the
SystemEx1it instance.

FUETERS AR /R s B A7 20 XA R 8, 5 WX & S Bh !

If set_sys_last_vars is nonzero, the variables sys.last_type, sys.last_value and sys.
last_traceback will be set to the type, value and traceback of the printed exception, respectively.
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void PyErr_Print ()
PyErr_PrintEx (1) BB .

void PyErr_ WriteUnraisable (PyObject *obj)
Call sys.unraisablehook () using the current exception and obj argument.

This utility function prints a warning message to sys.stderr when an exception has been set but it is
impossible for the interpreter to actually raise the exception. It is used, for example, when an exception occurs
inan__del__ () method.

The function is called with a single argument obj that identifies the context in which the unraisable exception
occurred. If possible, the repr of obj will be printed in the warning message.

An exception must be set when calling this function.

5.2 filth &%

These functions help you set the current thread’s error indicator. For convenience, some of these functions will always
return a NULL pointer for use in a return statement.

void PyErr_SetString (PyObject *type, const char *message)
This is the most common way to set the error indicator. The first argument specifies the exception type; it is
normally one of the standard exceptions, e.g. PyExc_Runt imeError. Youneed notincrement its reference
count. The second argument is an error message; it is decoded from 'ut £-8’.

void PyErr_SetObject (PyObject *type, PyObject *value)
This function is similar to PyErr_SetString () but lets you specify an arbitrary Python object for the
“value” of the exception.

PyObject* PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. This function sets the error indicator and returns NULL. exception should be a
Python exception class. The format and subsequent parameters help format the error message; they have the
same meaning and values as in PyUnicode_FromFormat (). format is an ASCII-encoded string.

PyObject* PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. Same as PyErr_Format (), but taking a va_1ist argument rather than a
variable number of arguments.

3.5 B e

void PyErr_SetNone (PyObject *type)
This is a shorthand for PyErr_SetObject (type, Py_None).

int PyErr_BadArgument ()
This is a shorthand for PyErr_SetString (PyExc_TypeError, message), where message indi-
cates that a built-in operation was invoked with an illegal argument. It is mostly for internal use.

PyObject* PyErr_NoMemory ()
Return value: Always NULL. This is a shorthand for PyErr_SetNone (PyExc_MemoryError) ; it re-
turns NULL so an object allocation function can write return PyErr_NoMemory () ; when it runs out
of memory.

PyObject* PyErr_SetFromErrno (PyObject *type)

Return value: Always NULL. This is a convenience function to raise an exception when a C library function
has returned an error and set the C variable errno. It constructs a tuple object whose first item is the integer
errno value and whose second item is the corresponding error message (gotten from strerror () ), and
thencalls PyErr_SetObject (type, object). On Unix, when the errno value is EINTR, indicating
an interrupted system call, this calls PyErr_CheckSignals (), and if that set the error indicator, leaves it
set to that. The function always returns NULL, so a wrapper function around a system call can write return
PyErr_SetFromErrno (type) ; when the system call returns an error.

PyObject* PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameOb-
Jject)
Return value: Always NULL. Similar to PyErr_SetFromErrno (), with the additional behavior that if
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filenameObject is not NULL, it is passed to the constructor of #ype as a third parameter. In the case of OSError
exception, this is used to define the £ilename attribute of the exception instance.

PyObject* PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameOb-

Jject, PyObject *filenameObject2)
Return value: Always NULL. Similar to PyErr_SetFromErrnoWithFilenameObject (), but takes
a second filename object, for raising errors when a function that takes two filenames fails.

3.4 BRI HE.

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. Similar to PyErr_SetFromErrnoWithFilenameObject (), but the
filename is given as a C string. filename is decoded from the filesystem encoding (os . fsdecode ()).

PyObject* PyErr_SetFromWindowsErr (int ierr)
Return value: Always NULL. This is a convenience function to raise WindowsError. If called
with ierr of 0, the error code returned by a call to GetLastError () is used instead. It calls the
Win32 function FormatMessage () to retrieve the Windows description of error code given by ierr
or GetLastError (), then it constructs a tuple object whose first item is the ierr value and whose
second item is the corresponding error message (gotten from FormatMessage ()), and then calls
PyErr_SetObject (PyExc_WindowsError, object). This function always returns NULL.

B] H 4 Windows,

PyObject* PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value: Always NULL. Similar to PyErr_SetFromWindowsErr (), with an additional parameter
specifying the exception type to be raised.

B] F 4 Windows .,

PyObject* PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value: Always NULL. Similarto PyErr_SetFromWindowsErrWithFilenameObject (), but
the filename is given as a C string. filename is decoded from the filesystem encoding (os . fsdecode () ).

|] H M Windows .,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, Py-

Object *filename)
Return value: Always NULL. Similar to PyErr_SetFromWindowsErrWithFilenameObject (),
with an additional parameter specifying the exception type to be raised.

w] 4 Windows,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr,
PyObject *filename, PyOb-
Ject *filename?2)
Return value: Always NULL. Similarto PyErr_SetExcFromWindowsErrWithFilenameObject (),
but accepts a second filename object.

w] H M Windows,
3.4 B ge.

PyObject* PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const

char *filename)
Return value: Always NULL. Similar to PyErr_SetFromWindowsErriWithFilename (), with an ad-

ditional parameter specifying the exception type to be raised.
|] M Windows .,

PyObject* PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. This is a convenience function to raise ImportError. msg will be set as the
exception’s message string. name and path, both of which can be NULL, will be set as the ImportError’s
respective name and path attributes.

3.3 B fE.
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void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
Set file, line, and offset information for the current exception. If the current exceptionisnota SyntaxError,
then it sets additional attributes, which make the exception printing subsystem think the exception is a
SyntaxError.

3.4 B

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
Like PyErr_SyntaxLocationObject (), but filename is a byte string decoded from the filesystem
encoding (os . fsdecode ()).

3.2 B .

void PyErr_SyntaxLocation (const char *filename, int lineno)
Like PyErr_SyntaxLocationEx (), but the col_offset parameter is omitted.

void PyErr_BadInternalCall ()
This is a shorthand for PyErr_SetString (PyExc_SystemError, message), where message in-
dicates that an internal operation (e.g. a Python/C API function) was invoked with an illegal argument. It is
mostly for internal use.

5.3

I

- =3
[=]

Use these functions to issue warnings from C code. They mirror similar functions exported by the Python warnings
module. They normally print a warning message to sys.stderr; however, it is also possible that the user has specified
that warnings are to be turned into errors, and in that case they will raise an exception. It is also possible that the
functions raise an exception because of a problem with the warning machinery. The return value is O if no exception
is raised, or —1 if an exception is raised. (It is not possible to determine whether a warning message is actually
printed, nor what the reason is for the exception; this is intentional.) If an exception is raised, the caller should do its
normal exception handling (for example, Py DECREF () owned references and return an error value).

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Issue a warning message. The category argument is a warning category (see below) or NULL; the message
argument is a UTF-8 encoded string. stack_level is a positive number giving a number of stack frames; the
warning will be issued from the currently executing line of code in that stack frame. A stack_level of 1 is the
function calling PyEr»_ WarnEx (), 2 is the function above that, and so forth.

Warning categories must be subclasses of PyExc_Warning; PyExc_Warning is a subclass of
PyExc_Exception; the default warning category is PyExc_RuntimeWarning. The standard Python
warning categories are available as global variables whose names are enumerated at 47/ 42 5 71

For information about warning control, see the documentation for the warnings module and the —~W option
in the command line documentation. There is no C API for warning control.

PyObject* PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)
Return value: Always NULL. Much like PyErr_Set ImportError () but this function allows for specify-
ing a subclass of ImportError to raise.

3.6 B fE.

int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename,
int lineno, PyObject *module, PyObject *registry)
Issue a warning message with explicit control over all warning attributes. This is a straightforward wrapper
around the Python function warnings.warn_explicit (), see there for more information. The module
and registry arguments may be set to NULL to get the default effect described there.

3.4 B RE.

int PyErr_ WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno,
const char *module, PyObject *registry)
Similarto PyErr_WarnExplicitObject () except that message and module are UTF-8 encoded strings,
and filename is decoded from the filesystem encoding (os . £sdecode ()).
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int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Function similar to PyErr_WarnEx (), but use PyUnicode_FromFormat () to format the warning
message. format is an ASCII-encoded string.

3.2 B fE.

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)
Function similar to PyErr_WarnFormat (), but category is ResourceWarning and it passes source to
warnings.WarningMessage ().

3.6 HIIgE.

5.4 Querying the error indicator

PyObject* PyErr_Occurred ()
Return value: Borrowed reference. Test whether the error indicator is set. If set, return the exception type (the
first argument to the last call to one of the PyErr_Set* () functions or to PyErr_Restore ()). If not
set, return NULL. You do not own a reference to the return value, so you do not need to Py._ DECREF () it.

The caller must hold the GIL.

{i:fi#: Do not compare the return value to a specific exception; use PyErr ExceptionMatches ()
instead, shown below. (The comparison could easily fail since the exception may be an instance instead of a
class, in the case of a class exception, or it may be a subclass of the expected exception.)

int PyErr_ExceptionMatches (PyObject *exc)
Equivalent to PyErr_GivenExceptionMatches (PyErr_Occurred (), exc). This should only

be called when an exception is actually set; a memory access violation will occur if no exception has been
raised.

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
Return true if the given exception matches the exception type in exc. If exc is a class object, this also returns
true when given is an instance of a subclass. If exc is a tuple, all exception types in the tuple (and recursively
in subtuples) are searched for a match.

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Retrieve the error indicator into three variables whose addresses are passed. If the error indicator is not set,
set all three variables to NULL. If it is set, it will be cleared and you own a reference to each object retrieved.
The value and traceback object may be NULL even when the type object is not.

{Ef#:  This function is normally only used by code that needs to catch exceptions or by code that needs to
save and restore the error indicator temporarily, e.g.:

{
PyObject *type, *value, *traceback;
PyErr_Fetch (&type, &value, &traceback);

/* ... code that might produce other errors ... */

PyErr_Restore (type, value, traceback);

void PyErr_ Restore (PyObject *type, PyObject *value, PyObject *traceback)
Set the error indicator from the three objects. If the error indicator is already set, it is cleared first. If the
objects are NULL, the error indicator is cleared. Do not pass a NULL type and non-NULL value or traceback.
The exception type should be a class. Do not pass an invalid exception type or value. (Violating these rules
will cause subtle problems later.) This call takes away a reference to each object: you must own a reference to
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each object before the call and after the call you no longer own these references. (If you don’t understand this,
don’t use this function. I warned you.)

{Ef#: This function is normally only used by code that needs to save and restore the error indicator temporarily.
Use PyErr_Fetch () to save the current error indicator.

void PyErr_NormalizeException (PyObject**exc, PyObject**val, PyObject**tb)
Under certain circumstances, the values returned by PyEr»_ Fetch () below can be "unnormalized”, mean-
ing that *exc is a class object but *val is not an instance of the same class. This function can be used to
instantiate the class in that case. If the values are already normalized, nothing happens. The delayed normal-
ization is implemented to improve performance.

{ifit:  This function does not implicitly set the __t raceback___ attribute on the exception value. If setting
the traceback appropriately is desired, the following additional snippet is needed:

if (tb != NULL) <
PyException_SetTraceback (val, tb);
}

void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Retrieve the exception info, as known from sys.exc_info (). This refers to an exception that was already
caught, not to an exception that was freshly raised. Returns new references for the three objects, any of which
may be NULL. Does not modify the exception info state.

{Ef#: This function is not normally used by code that wants to handle exceptions. Rather, it can be used when
code needs to save and restore the exception state temporarily. Use PyErr _SetExcInfo () to restore or
clear the exception state.

3.3 B fE.

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
Set the exception info, as known from sys.exc_info (). This refers to an exception that was already
caught, not to an exception that was freshly raised. This function steals the references of the arguments. To
clear the exception state, pass NULL for all three arguments. For general rules about the three arguments, see
PyErr_ Restore().

{Ef@:  This function is not normally used by code that wants to handle exceptions. Rather, it can be used
when code needs to save and restore the exception state temporarily. Use PyErr_GetExcInfo () to read
the exception state.

3.3 B .

5.5 Signal Handling

int PyErr_CheckSignals ()
This function interacts with Python’s signal handling. It checks whether a signal has been sent to the processes
and if so, invokes the corresponding signal handler. If the signal module is supported, this can invoke a signal
handler written in Python. In all cases, the default effect for STGINT is to raise the KeyboardInterrupt
exception. If an exception is raised the error indicator is set and the function returns - 1; otherwise the function
returns 0. The error indicator may or may not be cleared if it was previously set.

void PyErr_SetInterrupt ()
Simulate the effect of a STGINT signal arriving. The next time PyErr_ CheckSignals () is called, the
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Python signal handler for STGINT will be called.

If SIGINT isn’t handled by Python (it was setto signal.SIG_DFLor signal.SIG_IGN), this function
does nothing.

int PySignal_SetWakeupFd (int fd)
This utility function specifies a file descriptor to which the signal number is written as a single byte whenever
a signal is received. fd must be non-blocking. It returns the previous such file descriptor.

The value —1 disables the feature; this is the initial state. This is equivalentto signal.set_wakeup_£fd ()
in Python, but without any error checking. fd should be a valid file descriptor. The function should only be
called from the main thread.

TE 3.5 il ¢it: On Windows, the function now also supports socket handles.

5.6 Exception Classes

PyObject* PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. This utility function creates and returns a new exception class. The name argu-
ment must be the name of the new exception, a C string of the form module.classname. The base and
dict arguments are normally NULL. This creates a class object derived from Exception (accessible in C as
PyExc_Exception).

The __module___ attribute of the new class is set to the first part (up to the last dot) of the name argument,
and the class name is set to the last part (after the last dot). The base argument can be used to specify alternate
base classes; it can either be only one class or a tuple of classes. The dict argument can be used to specify a
dictionary of class variables and methods.

PyObject* PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyOb-
Ject *dict)
Return value: New reference. Same as PyErr_NewException (), except that the new exception class can
easily be given a docstring: If doc is non-NULL, it will be used as the docstring for the exception class.

3.2 B

5.7 FEMR

PyObject* PyException_GetTraceback (PyObject *ex)
Return value: New reference. Return the traceback associated with the exception as a new reference, as acces-
sible from Python through __traceback__. If there is no traceback associated, this returns NULL.

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Set the traceback associated with the exception to tb. Use Py_None to clear it.

PyObject* PyException_GetContext (PyObject *ex)
Return value: New reference. Return the context (another exception instance during whose handling ex was
raised) associated with the exception as a new reference, as accessible from Python through __context__ .
If there is no context associated, this returns NULL.

void PyException_SetContext (PyObject *ex, PyObject *ctx)
Set the context associated with the exception to czx. Use NULL to clear it. There is no type check to make sure
that ctx is an exception instance. This steals a reference to ctx.

PyObject* PyException_GetCause (PyObject *ex)
Return value: New reference. Return the cause (either an exception instance, or None, set by raise
from ...) associated with the exception as a new reference, as accessible from Python through
__cause__.

void PyException_SetCause (PyObject *ex, PyObject *cause)
Set the cause associated with the exception to cause. Use NULL to clear it. There is no type check to make
sure that cause is either an exception instance or None. This steals a reference to cause.
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__suppress_context__ is implicitly set to True by this function.

5.8 Unicode Exception Objects

The following functions are used to create and modify Unicode exceptions from C.

PyObject* PyUnicodeDecodeError_Create (const char *encoding, const char

*object,

Py_ssize_t length, Py_ssize_t start, Py_ssize_t end,

const char *reason)

Return value: New reference. Create a UnicodeDecodeError object with the attributes encoding, object,

length, start, end and reason. encoding and reason are UTF-8 encoded strings.

PyObject* PyUnicodeEncodeError_Create (const char *encoding, const Py_UNICODE

*object,

Py_ssize_t length, Py_ssize_t start, Py_ssize_t end,

const char *reason)

Return value: New reference. Create a UnicodeEncodeError object with the attributes encoding, object,

length, start, end and reason. encoding and reason are UTF-8 encoded strings.

3.3 UEEBER: 3.11

Py_UNICODE is deprecated since Python 3.3. Please
PyObject_CallFunction (PyExc_UnicodeEncodeError, "sOnns", ...).

migrate

PyObject* PyUnicodeTranslateError_Create (const Py_UNICODE *object, Py_ssize_t length,

Py_ssize_t start, Py_ssize_t end, const ch:
son)

ar *rea-

to

Return value: New reference. Create a UnicodeTranslateError object with the attributes object, length,

start, end and reason. reason is a UTF-8 encoded string.

3.3 UG E R 3.11

Py_UNICODE is deprecated since Python 3.3. Please
PyObject_CallFunction (PyExc_UnicodeTranslateError, "Onns",

PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. Return the encoding attribute of the given exception object.

PyObject* PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject* PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Return the object attribute of the given exception object.

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)
int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)
int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)

migrate

).

to

Get the start attribute of the given exception object and place it into *start. start must not be NULL. Return 0

on success, —1 on failure.

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize_t start)
Set the start attribute of the given exception object to start. Return 0 on success, —1 on failure.

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)
int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)
int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)

Get the end attribute of the given exception object and place it into *end. end must not be NULL. Return 0 on

success, —1 on failure.

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)
Set the end attribute of the given exception object to end. Return 0 on success, —1 on failure.
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PyObject* PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetReason (PyObject *exc)
PyObject* PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. Return the reason attribute of the given exception object.

int PyUnicodeDecodeError_SetReason (PyObject *exc, const char *reason)
int PyUnicodeEncodeError_SetReason (PyObject *exc, const char *reason)
int PyUnicodeTranslateError_SetReason (PyObject *exc, const char *reason)
Set the reason attribute of the given exception object to reason. Return 0 on success, —1 on failure.

5.9 I

These two functions provide a way to perform safe recursive calls at the C level, both in the core and in extension
modules. They are needed if the recursive code does not necessarily invoke Python code (which tracks its recursion
depth automatically). They are also not needed for #p_call implementations because the call protocol takes care of
recursion handling.

int Py_EnterRecursiveCall (const char *where)
Marks a point where a recursive C-level call is about to be performed.

If USE_STACKCHECK is defined, this function checks if the OS stack overflowed using
Py0OS_CheckStack (). In this is the case, it sets a MemoryError and returns a nonzero value.

The function then checks if the recursion limit is reached. If this is the case, a RecursionError is set and
a nonzero value is returned. Otherwise, zero is returned.

where should be a UTF-8 encoded string such as " in instance check" to be concatenated to the
RecursionError message caused by the recursion depth limit.

¥E 3.9 B P4 This function is now also available in the limited AP

void Py_LeaveRecursiveCall (void)
Ends a Py _EnterRecursiveCall (). Must be called once for each successful invocation of
Py _EnterRecursiveCall ().

¥E 3.9 Jix ¥ This function is now also available in the limited API.

Properly implementing tpp_ repr for container types requires special recursion handling. In addition to protect-
ing the stack, tp_repr also needs to track objects to prevent cycles. The following two functions facilitate this
functionality. Effectively, these are the C equivalent to reprlib.recursive_repr ().

int Py_ReprEnter (PyObject *object)
Called at the beginning of the t o repr implementation to detect cycles.

If the object has already been processed, the function returns a positive integer. In that case the tp_repr

implementation should return a string object indicating a cycle. As examples, dict objects return { . . . } and
list objectsreturn [...].

The function will return a negative integer if the recursion limit is reached. In that case the tp_ repr imple-
mentation should typically return NULL.

Otherwise, the function returns zero and the tp_ repr implementation can continue normally.

void Py_ReprLeave (PyObject *object)
Ends a Py_ReprEnter (). Must be called once for each invocation of Py_ReprEnter () that returns
Zero.
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510 HRERE

All standard Python exceptions are available as global variables whose names are PyExc_ followed by the Python
exception name. These have the type PyOb ject *; they are all class objects. For completeness, here are all the

variables:
C &R Python Z#R Ee
PyExc_BaseException BaseException €))
PyExc_Exception Exception Q)
PyExc_ArithmeticError ArithmeticError @))
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError
PyExc_ChildProcessError ChildProcessError
PyExc_ConnectionAbortedError | ConnectionAbortedError
PyExc_ConnectionError ConnectionError
PyExc_ConnectionRefusedError | ConnectionRefusedError
PyExc_ConnectionResetError ConnectionResetError
PyExc_EOFError EOFError
PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError
PyExc_FloatingPointError FloatingPointError
PyExc_GeneratorExit GeneratorExit
PyExc_ImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError (D)
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedError NotImplementedError
PyExc_OSError OSError (D)
PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError 2)
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration StopAsyncIteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError

Todkst
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Fx1-tn
Python Z#R EZ ]
UnicodeDecodeError
UnicodeEncodeError

C &R
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError

PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateError UnicodeTranslateError
PyExc_ValueError ValueError

PyExc_ZeroDivisionError ZeroDivisionError

33 O ¥ fE: PyExc_BlockingIOError, PyExc_BrokenPipeError,
PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError,
PyExc_FileExistsError, PyExc_FileNotFoundError, PyExc_InterruptedError,
PyExc_IsADirectoryError, PyExc_NotADirectoryError, PyExc_PermissionError,
PyExc_ProcessLookupError and PyExc_TimeoutError /14U~ PEP 3151.

3.5 FRIBE: PyExc_StopAsyncIteration fll PyExc_RecursionError.
3.6 FiRIEE: PyExc_ModuleNotFoundError

XL IR 44 PyExc_OSError:

C AR EZ ]
PyExc_EnvironmentError
PyExc_IOError

PyExc_WindowsError 3)

TE 3.3 U B X 4 1) 44 B 28 2 B ) S 2R
(1) X2 HAbRE w2

(2) Only defined on Windows; protect code that uses this by testing that the preprocessor macro MS_WINDOWS is
defined.

5.11 FREEE S

All standard Python warning categories are available as global variables whose names are PyExc_ followed by the
Python exception name. These have the type PyOb ject *; they are all class objects. For completeness, here are all
the variables:

C &R Python Z#R Ed s
PyExc_Warning Warning D
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning | PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

3.2 FRIBE: PyExc_ResourceWarning

R
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(1) % HAARHEE I I
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6.1 RIERFHER

PyObject* PyOS_FSPath (PyObject *path)
Return value: New reference. Return the file system representation for path. If the objectis a str or bytes
object, then its reference count is incremented. If the object implements the os . PathLike interface, then
__fspath__ () isreturned as long as itis a str or bytes object. Otherwise TypeError is raised and
NULL is returned.

3.6 BRI HE.

int Py_FdIsInteractive (FILE *fp, const char *filename)
Return true (nonzero) if the standard I/O file fp with name filename is deemed interactive. This is the case
for files for which isatty (fileno (fp)) is true. If the global flag Py_TnteractiveFlag is true,
this function also returns true if the filename pointer is NULL or if the name is equal to one of the strings
'<stdin>"'or '??°?"'.

void PyOS_BeforeFork ()
Function to prepare some internal state before a process fork. This should be called before calling fork () or
any similar function that clones the current process. Only available on systems where fork () is defined.

#efe: The C fork () call should only be made from the “main” thread (of the "main” interpreter). The
same is true for PyOS_BeforeFork ().

3.7 B RE.

void PyOS_AfterFork_Parent ()
Function to update some internal state after a process fork. This should be called from the parent process after
calling fork () or any similar function that clones the current process, regardless of whether process cloning
was successful. Only available on systems where fork () is defined.

35



The Python/C API, %% 3.9.1

s The C fork () call should only be made from the “main” thread (of the “main” interpreter). The
same is true for PyOS_AfterFork_Parent ().

3.7 B RE.

void PyOS_AfterFork_Child ()
Function to update internal interpreter state after a process fork. This must be called from the child process
after calling fork (), or any similar function that clones the current process, if there is any chance the process
will call back into the Python interpreter. Only available on systems where fork () is defined.

g te: The C fork () call should only be made from the “main” thread (of the “main” interpreter). The
same is true for PyOS_AfterFork_Child ().

3.7 iR EE.
S

os.register_at_fork () allows registering custom Python functions to be called by
PyOS_BeforeFork (), PyOS_AfterFork_Parent () and PyOS_AfterFork_Child().

void PyOS_AfterFork ()
Function to update some internal state after a process fork; this should be called in the new process if the
Python interpreter will continue to be used. If a new executable is loaded into the new process, this function
does not need to be called.

3.7 {5 E. #8648 This function is superseded by Py0S_AfterFork_Child().

int PyOS_CheckStack ()
Return true when the interpreter runs out of stack space. This is a reliable check, but is only available
when USE_STACKCHECK is defined (currently on Windows using the Microsoft Visual C++ compiler).
USE_STACKCHECK will be defined automatically; you should never change the definition in your own code.

PyOS_sighandler_t PyOS_getsig (int i)
Return the current signal handler for signal i. This is a thin wrapper around either sigaction () or
signal (). Do not call those functions directly! PyOS_sighandler_t is a typedef alias for void
(*) (int).

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t /)
Set the signal handler for signal i to be A; return the old signal handler. This is a thin wrapper around either
sigaction () or signal (). Do not call those functions directly! PyOS_sighandler_t is a typedef
alias for void (*) (int).

wchar_t* Py_DecodeLocale (const char* arg, size_t *size)
Decode a byte string from the locale encoding with the surrogateescape error handler: undecodable bytes are
decoded as characters in range U+DC80..U+DCFF. If a byte sequence can be decoded as a surrogate character,
escape the bytes using the surrogateescape error handler instead of decoding them.

Encoding, highest priority to lowest priority:
e UTF-8 on macOS, Android, and VxWorks;
e UTF-8 on Windows if Py LegacyWindowsFSEncodingFlag is zero;
e UTF-8 if the Python UTF-8 mode is enabled;

e ASCIT if the LC_CTYPE locale is "C", n1_langinfo (CODESET) returns the ASCII encoding
(or an alias), and mbstowcs () and wecstombs () functions uses the ISO-8859-1 encoding.

¢ the current locale encoding.

Return a pointer to a newly allocated wide character string, use PyMem_RawFree () to free the memory. If
size is not NULL, write the number of wide characters excluding the null character into *size
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Return NULL on decoding error or memory allocation error. If size is not NULL, *size is set to
(size_t)—1 on memory error or set to (size_t) —2 on decoding error.

Decoding errors should never happen, unless there is a bug in the C library.
Use the Py_EncodeLocale () function to encode the character string back to a byte string.
B

The PyUnicode_DecodeFSDefaultAndSize () and PyUnicode_DecodeLocaleAndSize ()
functions.

3.5 FrhR e
TE 3.7 iR 2 The function now uses the UTF-8 encoding in the UTF-8 mode.

¥E 38 | OE O The function now wuses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlag is zero;

char* Py_EncodeLocale (const wchar_t *fext, size_t *error_pos)
Encode a wide character string to the locale encoding with the surrogateescape error handler: surrogate char-
acters in the range U+DC80..U+DCEFF are converted to bytes 0x80..0xFF.

Encoding, highest priority to lowest priority:
e UTF-8 on macOS, Android, and VxWorks;
e UTF-8 on Windows if Py LegacyWindowsFSEncodingFlag is zero;
e UTF-8 if the Python UTF-8 mode is enabled;

* ASCIT if the LC_CTYPE locale is "C", nl1_langinfo (CODESET) returns the ASCII encoding
(or an alias), and mbstowcs () and westombs () functions uses the TSO-8859-1 encoding.

e the current locale encoding.
The function uses the UTF-8 encoding in the Python UTF-8 mode.

Return a pointer to a newly allocated byte string, use PyMem Free () to free the memory. Return NULL on
encoding error or memory allocation error

If error_pos is not NULL, *error_posissetto (size_t) —1 on success, or set to the index of the invalid
character on encoding error.

Use the Py_DecodeLocale () function to decode the bytes string back to a wide character string.
S W

The PyUnicode_EncodeFSDefault () and PyUnicode_EncodeLocale () functions.
3.5 FrihfE.

TE 3.7 iR FE ¥ The function now uses the UTF-8 encoding in the UTF-8 mode.

IE 3.8 i WO The function now wuses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlag is zero;

6.2 ZGiThAEE

These are utility functions that make functionality from the sys module accessible to C code. They all work with
the current interpreter thread’s sy s module’s dict, which is contained in the internal thread state structure.

PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. Return the object name from the sy s module or NULL if it does not exist,
without setting an exception.

int PySys_SetObject (const char *name, PyObject *v)
Set name in the sy s module to v unless v is NULL, in which case name is deleted from the sys module. Returns
0 on success, —1 on error.
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void PySys_ResetWarnOptions ()
Reset sys.warnoptions to an empty list. This function may be called prior to Py_Tnitialize ().

void PySys_AddWarnOption (const wchar_t *s)
Append s to sys.warnoptions. This function must be called prior to Py_Tnitialize () in order to
affect the warnings filter list.

void PySys_AddWarnOptionUnicode (PyObject *unicode)
Append unicode to sys .warnoptions.

Note: this function is not currently usable from outside the CPython implementation, as it must be called prior
to the implicit import of warningsin Py_Tnitialize () to be effective, but can’t be called until enough
of the runtime has been initialized to permit the creation of Unicode objects.

void PySys_SetPath (const wchar_t *path)
Set sys.path to a list object of paths found in path which should be a list of paths separated with the
platform’s search path delimiter (: on Unix, ; on Windows).

void PySys_WriteStdout (const char *format, ...)
Write the output string described by format to sys . stdout. No exceptions are raised, even if truncation
occurs (see below).

format should limit the total size of the formatted output string to 1000 bytes or less -- after 1000 bytes, the
output string is truncated. In particular, this means that no unrestricted ”%s” formats should occur; these should
be limited using ”%.<N>s” where <N> is a decimal number calculated so that <N> plus the maximum size of
other formatted text does not exceed 1000 bytes. Also watch out for "%f”, which can print hundreds of digits
for very large numbers.

If a problem occurs, or sys . stdout is unset, the formatted message is written to the real (C level) stdout.

void PySys_WriteStderr (const char *format, ...)
As PySys_WriteStdout (), but write to sys.stderr or stderr instead.

void PySys_FormatStdout (const char *format, ...)
Function similar to PySys_WriteStdout() but format the message using PyUnicode_ FromFormatV () and
don’t truncate the message to an arbitrary length.

3.2 BRI RE.

void PySys_FormatStderr (const char *format, ...)
As PySys_FormatStdout (), but write to sys . stderr or stderr instead.

3.2 B .

void PySys_AddXOption (const wchar_t *s)
Parse s as a set of —X options and add them to the current options mapping as returned by
PySys_GetXOptions (). This function may be called prior to Py Initialize ().

3.2 B fE.

PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. Return the current dictionary of —X options, similarly to sys.
_xoptions. On error, NULL is returned and an exception is set.

3.2 B fE.

int PySys_Audit (const char *event, const char *format, ...)
Raise an auditing event with any active hooks. Return zero for success and non-zero with an exception set on
failure.

If any hooks have been added, format and other arguments will be used to construct a tuple to pass. Apart
from N, the same format characters as used in Py_ BuildValue () are available. If the built value is not a
tuple, it will be added into a single-element tuple. (The N format option consumes a reference, but since there
is no way to know whether arguments to this function will be consumed, using it may cause reference leaks.)

Note that # format characters should always be treated as Py_ssize_t, regardless of whether
PY_SSIZE_T_ CLEAN was defined.
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sys.audit () performs the same function from Python code.
3.8 Hi e

TE 3.8.2 iR B : Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation
warning was raised.

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
Append the callable Kook to the list of active auditing hooks. Return zero for success and non-zero on failure.
If the runtime has been initialized, also set an error on failure. Hooks added through this API are called for all
interpreters created by the runtime.

userData F§5T 2916 N R4 T4 TR BT RE th R R s AT iR, IR A8 AS B B2 48 1)
Python RS

This function is safe to call before Py Tnitialize (). When called after runtime initialization, existing
audit hooks are notified and may silently abort the operation by raising an error subclassed from Exception
(other errors will not be silenced).

The hook function is of type int (*) (const char *event, PyObject *args, void
*userData), where args is guaranteed to be a PyTupleObject. The hook function is always called
with the GIL held by the Python interpreter that raised the event.

See PEP 578 for a detailed description of auditing. Functions in the runtime and standard library that raise
events are listed in the audit events table. Details are in each function’s documentation.

5| %—~ HilTE sys.addaudithook, HAHMHZE.
3.8 FriR e

6.3 TR

void Py_FatalError (const char *message)
Print a fatal error message and kill the process. No cleanup is performed. This function should only be invoked
when a condition is detected that would make it dangerous to continue using the Python interpreter; e.g., when
the object administration appears to be corrupted. On Unix, the standard C library function abort () is called
which will attempt to produce a core file.

The Py_FatalError () function is replaced with a macro which logs automatically the name of the current
function, unless the Py_ LIMITED_API macro is defined.

TE 3.9 iR Log the function name automatically.

void Py_Exit (int status)
Exit the current process. This calls Py_FinalizeEx () and then calls the standard C library function
exit (status).If Py _FinalizeEx () indicates an error, the exit status is set to 120.

TE 3.6 i ¢e: Errors from finalization no longer ignored.

int Py_AtExit (void (*func)())
Register a cleanup function to be called by Py FinalizeEx (). The cleanup function will be called with no
arguments and should return no value. At most 32 cleanup functions can be registered. When the registration
is successful, Py_AtExit () returns O; on failure, it returns — 1. The cleanup function registered last is called
first. Each cleanup function will be called at most once. Since Python’s internal finalization will have completed
before the cleanup function, no Python APIs should be called by func.

6.3. iTEi=F 39


https://www.python.org/dev/peps/pep-0578

The Python/C API, %% 3.9.1

6.4 SAMG

PyObject* PyImport_ImportModule (const char *name)

Return value: New reference. This is a simplified interface to Py Import_ImportModuleEx () below,
leaving the globals and locals arguments set to NULL and level set to 0. When the name argument contains
a dot (when it specifies a submodule of a package), the fromlist argument is set to the list [ ' * ' ] so that the
return value is the named module rather than the top-level package containing it as would otherwise be the
case. (Unfortunately, this has an additional side effect when name in fact specifies a subpackage instead of a
submodule: the submodules specified in the package’s __all_ _ variable are loaded.) Return a new reference
to the imported module, or NULL with an exception set on failure. A failing import of a module doesn’t leave
the module in sys.modules.

R X BR AR A

PyObject* PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Z KB Py Import_ImportModule () HI—#EFHH B4 -

TE 3.3 W HE PR This function used to fail immediately when the import lock was held by another thread. In
Python 3.3 though, the locking scheme switched to per-module locks for most purposes, so this function’s
special behaviour isn’t needed anymore.

PyObject* PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyOb-
Ject *fromlist)
Return value: New reference. Import a module. This is best described by referring to the built-in Python
function __import__ ().

The return value is a new reference to the imported module or top-level package, or NULL with an exception
set on failure. Like for __import__ (), the return value when a submodule of a package was requested is
normally the top-level package, unless a non-empty fromlist was given.

Failing imports remove incomplete module objects, like with Py Import_ImportModule ().

PyObject* PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyOb-
Ject *locals, PyObject *fromlist, int level)
Return value: New reference. Import a module. This is best described by referring to the built-in Python
function __import__ (), as the standard __import__ () function calls this function directly.

The return value is a new reference to the imported module or top-level package, or NULL with an exception
set on failure. Like for __import__ (), the return value when a submodule of a package was requested is
normally the top-level package, unless a non-empty fromlist was given.

3.3 B fE.

PyObject* PyImport_ImportModulelevel (const char *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)
Return value: New reference. Similar to Py Tmport_ImportModuleLevelObject (), but the name is
a UTF-8 encoded string instead of a Unicode object.

T 3.3 MU PR Negative values for level are no longer accepted.

PyObject* PyImport_Import (PyObject *name)
Return value: New reference. This is a higher-level interface that calls the current "import hook function”
(with an explicit level of 0, meaning absolute import). It invokes the __import__ () function from the
__builtins__ of the current globals. This means that the import is done using whatever import hooks are
installed in the current environment.

ZRAUE R B R AR T

PyObject* PyImport_ReloadModule (PyObject *m)
Return value: New reference. Reload a module. Return a new reference to the reloaded module, or NULL with
an exception set on failure (the module still exists in this case).

PyObject* PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. Return the module object corresponding to a module name. The name
argument may be of the form package .module. First check the modules dictionary if there’s one there,
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and if not, create a new one and insert it in the modules dictionary. Return NULL with an exception set on
failure.

{Eff:  This function does not load or import the module; if the module wasn’t already loaded, you will get
an empty module object. Use Py Import_ImportModule () or one of its variants to import a module.
Package structures implied by a dotted name for name are not created if not already present.

3.3 B fE.

PyObject* PyImport_AddModule (const char *name)
Return value: Borrowed reference. Similarto Py Tmport_AddModuleObject (), butthe nameisa UTF-8
encoded string instead of a Unicode object.

PyObject* PyImport_ExecCodeModule (const char *name, PyObject *co)

Return value: New reference. Given a module name (possibly of the form package .module) and a code
object read from a Python bytecode file or obtained from the built-in function compile (), load the mod-
ule. Return a new reference to the module object, or NULL with an exception set if an error occurred. name
is removed from sys.modules in error cases, even if name was already in sys.modules on entry to
PyImport_ExecCodeModule (). Leaving incompletely initialized modules in sys.modules is dan-
gerous, as imports of such modules have no way to know that the module object is an unknown (and probably
damaged with respect to the module author’s intents) state.

The module’s __spec___and __loader__ will be set, if not set already, with the appropriate values. The
spec’s loader will be set to the module’s ___1oader___ (if set) and to an instance of SourceFileLoader
otherwise.

The module’s ___file__ attribute will be set to the code object’s co_filename. If applicable,
___cached___ will also be set.

This function will reload the module if it was already imported. See Py Import_ReloadModule () for
the intended way to reload a module.

If name points to a dotted name of the form package .module, any package structures not already created
will still not be created.

Seealso Py Import_ExecCodeModuleEx () and Py Import_ExecCodeModulelWithPathnames ().

PyObject* PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. Like Py Import_ExecCodeModule (),butthe ___file_  attribute of the
module object is set to pathname if it is non-NULL.

é%ﬂPyImport_ExecCodeModuleWi thPathnames (),

PyObject* PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname,
PyObject *cpathname)
Return value: New reference. Like Py Import_ExecCodeModuleEx (), butthe __cached___ attribute
of the module object is set to cpathname if it is non-NULL. Of the three functions, this is the preferred one to
use.

3.3 BRI HE.

PyObject* PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const

char *pathname, const char *cpathname)
Return value: New reference. Like Py Import_ExecCodeModuleObject (), but name, pathname and

cpathname are UTF-8 encoded strings. Attempts are also made to figure out what the value for pathname
should be from cpathname if the former is set to NULL.

3.2 BRI HE.

JE 3.3 R Uses imp.source_from_cache () in calculating the source path if only the bytecode
path is provided.

long PyImport_GetMagicNumber ()
Return the magic number for Python bytecode files (a.k.a. .pyc file). The magic number should be present
in the first four bytes of the bytecode file, in little-endian byte order. Returns —1 on error.
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1 3.3 OEHC: RIRHR [EE -1,

const char * PyImport_GetMagicTag ()
Return the magic tag string for PEP 3147 format Python bytecode file names. Keep in mind that the value at
sys.implementation.cache_tag is authoritative and should be used instead of this function.

3.2 BRI HE.

PyObject* PyImport_GetModuleDict ()
Return value: Borrowed reference. Return the dictionary used for the module administration (a.k.a. sys.
modules). Note that this is a per-interpreter variable.

PyObject* PyImport_GetModule (PyObject *name)
Return value: New reference. Return the already imported module with the given name. If the module has not

been imported yet then returns NULL but does not set an error. Returns NULL and sets an error if the lookup
failed.

3.7 B fE.

PyObject* PyImport_GetImporter (PyObject *path)
Return value: New reference. Return a finder object for a sys.path/pkg.__path___ item path, possi-
bly by fetching it from the sys.path_importer_cache dict. If it wasn’t yet cached, traverse sys.
path_hooks until a hook is found that can handle the path item. Return None if no hook could; this
tells our caller that the path based finder could not find a finder for this path item. Cache the result in sys .
path_importer_cache. Return a new reference to the finder object.

int PyImport_ImportFrozenModuleObject (PyObject *name)
Return value: New reference. Load a frozen module named name. Return 1 for success, O if the module is not
found, and -1 with an exception set if the initialization failed. To access the imported module on a successful
load, use Py Import_ImportModule (). (Note the misnomer --- this function would reload the module
if it was already imported.)

3.3 Bl Tge.
TE 3.4 R The __ file_  attribute is no longer set on the module.

int PyImport_ImportFrozenModule (const char *name)
Similar to Py Import_ImportFrozenModuleObject (), but the name is a UTF-8 encoded string in-
stead of a Unicode object.

struct _frozen
This is the structure type definition for frozen module descriptors, as generated by the freeze utility (see
Tools/freeze/ in the Python source distribution). Its definition, found in Include/import.h,is:

struct _frozen {
const char *name;
const unsigned char *code;
int size;

bi

const struct _frozen* PyImport_FrozenModules
IR WIIR L TR struct _frozen B4, PANULL 8 O/ NE5WARIC. H—rRESHR
PEFA, BIREAERXNRPER =5 FET ALACR SRS B i AR 45 B R A £

int PyImport_AppendInittab (const char *name, PyObject* (¥initfunc)(void))
Add a single module to the existing table of built-in modules. This is a convenience wrapper around
PyImport_ExtendInittab (), returning —1 if the table could not be extended. The new module can
be imported by the name name, and uses the function initfunc as the initialization function called on the first
attempted import. This should be called before Py Initialize ().

struct _inittab
Structure describing a single entry in the list of built-in modules. Each of these structures gives the
name and initialization function for a module built into the interpreter. The name is an ASCII en-
coded string. Programs which embed Python may use an array of these structures in conjunction with
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PyImport_ExtendInittab () to provide additional built-in modules. The structure is defined in
Include/import.h as:

struct _inittab {
const char *name; /* ASCII encoded string */
PyObject* (*initfunc) (void);

bi

int PyImport_ExtendInittab (struct _inittab *newtab)
Add a collection of modules to the table of built-in modules. The newtab array must end with a sentinel entry
which contains NULL for the name field; failure to provide the sentinel value can result in a memory fault.
Returns 0 on success or -1 if insufficient memory could be allocated to extend the internal table. In the event
of failure, no modules are added to the internal table. This should be called before Py Tnitialize ().

6.5 ¥R marshal £

X LERIFE i C AR AR PE S marshal BT AR R BRSPS 0T 5 o Ao 28 R 00T R 558
PE AP AAE K, 50— SR B0 T RO Bt . T 776# marshal $H i) SO0 A — 3k
HRL T FF

BEPMEAEATAE T 2 R AR T T3k

IR SR AR AR A - 5 O O DT S iRAS, 58 1 MUAS 78 SCHFN marshal 27314k H 2 S [ 40
FAFH . 5 2 R SNE R A A% . Py_MARSHAL_VERSTON $8H] T4 FiSCAFAAE R (24 HT
WYER 2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)

F—A~ Long FEEL value PA marshal 4§ E A file, X¥FHE A value TR 32 75 IR AHL long
KRR EAT . version F5 B SCEAE AT HRUAS .

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)

FF—> Python X} 4 value D\ marshal #&X5 A file. version $§W]SCAFA& I AR .

PyObject* PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. i&[n]—A~18 value [ marshal 5 R FETTEEXTE . version $5H] 304
Fa X AIRA o

PAF R B ALV BT S A7 i A marshal 4% CH){HE .
long PyMarshal_ReadLongFromFile (FILE *file)
MATH T30 FTLE* Bt R ik ml—A4~ C long., ] H R EU REEE 32 (i IME, Toit
ML Long R EEHAT.
KGRI, RFRCEE Y 1) 59 (EOFError) Ffik[A] -1,
int PyMarshal_ReadShortFromFile (FILE *file)
MATHF AT FILE* AN R R ] —A4~ C short . ffif LR AEELEL 16 MPAGME, it
AHL short R EE R,
KAGEIRI, RFRCEE Y 1) 59 (EOFError) Fik[l -1,
PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. N\¥1 1 TIZEUAY) FILE* [1XT N 205 7R [l —14~ Python X4,

KA RE, BIREE 4R (EOFError, ValueError B TypeError) iR 4] NULL,

PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. N\F]TT AT i2BUH) FILE* BY%F M. E0HE i 1% [/l —> Python Xt 4. AI[H]
TPyMarshal ReadObjectFromFile (), MEREUBRERFAFFMIZSCHFEEE Z X5, RifiL
FESCA BRI ZRA NAF, PATE U7 2 At B2 0T DATE P AT A I 5000 45 0 AN A2 B R M S5
BT o A A8 AN 2 FEA SR U] 2B R B XK

KAFERE, R EE S R (EOFError, ValueError B TypeError) iR [F] NULL,
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PyObject* PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. M 1535 1] data 11 len A5 10 57 28 v DX % . 1A 85008 7 3% o] — A
Python %4 .,

KAFARE, HIREEYSH R (EOFError, ValueError B TypeError) iR [H NULL,

6.6 EQMEERTERNF

XL R BN AR H O R A IR K . 3 2 U DA R S B T 2% U] SCRS Y extending-index /Ny .
X BE R A A W w = Ay, PyArg ParseTuple (), PyArqg ParseTupleAndKeywords (), DA

FepyArg Parse (), EATHRE A4 XALF A5 B HNF o8 BOU R 19 2 1008 T ok 2. 3K 2 g 00 (50 0 A
IR A A T4 5

6.6.1 fRITSH

MR TR A 0 B AR 0. — MR BRI A — > Python X4 ; Bl 24>
TP B R AR R ITPS . B T ABBION, — AN ERS 7 1 AR 2 BTGl 0] I 3 48 e 4
W EA B SR, FERE T ORAIA T, XG5 NSRBI, RS O N X A4
FCHITHY Python XFG2EA; J5fh5 [1 WAYZ LY C A (R R KL,

FHENZEX

XA AL VFRF X R 7 BRI N AP BB AT U5 I o AR EEFE LR 1] £ unicode 744§ B 717 XY
JE AR AT i o
— Y, YRR E R R AP X, XA G X ] DALY Python XFRAEHE, I

Hix Ao KA A R A . A TFEICHREUEAT NAEaS ] . BT iX2E es, es#, et and
et#.

IR, q—APy_buffer FEMGIRME, HALS RGP XEBUE, B AR A ETER S 6 X e X, B
fifEPy_BEGIN_ALLOW_THREADS Hrft, W] DAY n] AR5t PR Ay Y B R/ INE s B S8ty e i) XU o
I, AR PyButfer Release () FEARGEAUEAR I AL BRI (85 AEZ BATAT B0 )

BRAEA AV, Znh XK@ A S PAS L IR

kg T B B bytes-like object, I U E P8 EF OS2 % o X G5 . A ] 0T R AR &
W PyBufferProcs.bf_releasebuffer FEr 27 A NULL R EVEVEN , iZFERA N bytearray
XFER AT AERT 42

HfR: e # FhER (s#, v#, F%), KIEESHZA (B84 Py_ssize_t) £ Python.
h 3k 2 B PY_SSIZE_T_CLEAN M E L. WX A EME L, KER—1 Py_ssize_t
Python JTI/NEBIMIAZE—4> int AL, FEARA) Python fUAHURF 2 22E, HHE Py_ssize_t MK
FYHE int B, BiF—HEHE N PY_SSIZE_T_ CLEAN X%,

s (str) [const char *] f—> Unicode X RELHN— M FAFHRY C Fa4t. — MR — P E LA
TERFATH, EATFAFERACE IR e N PR AR . C P 2245 . Python FAFHRA
BB S IR AR TCRUW AU /0 Wk, —4> ValueError SR &5 %K. Unicode X RYIHAL
'ut£-8" HfGH C PR WIRFEHRIN, —4> UnicodeError FHHHEI K.

FER: 1 Bk A B bytes ke objects. W IRELE T PF R BT E N LR, C A5,
I 08 FAXAAPyUnicode FSConverter () YR #1L& 3,

T 3.5 S AR, 24 Python 47 H rPil %I T ik ARY null RS & 5% TypeError .
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s* (str or bytes-like object) [Py_buffer] X3k 5Z Unicode N4 22 RAN L. BN
W BB Py _buffer Z5MIRIE. XHEEERE C FEAHA R &k AR NUL 775, Unicode %
ST 'ut£-8" iR C TR

s# (stx, Hikbytes-like object) [const char *, int or Py_ssize_t] 4 s*, [ T ENEZSHNN S, 45
RMEFEWIAS C AR, 52480 CFAHR MR, B MR EKE. PR TR &k
AR null 745 . Unicode X Rl "ut £-8" FalfE b C FAFH .

z (str or None) [const char *] 5 s 248l {H Python X} LA HEH None, FEXFMEN T, CfaEHLE N
NULL,

z* (str, bytes-like object or None) [Py_buffer] 5 s* 24{2], {H Python ¥Rt fEN None, FEXFIEFN
F, Py_buffer £ buf KR E N NULL,

z# (str, Hifbytes-like object 8§, None) [const char *, int 8 Py_ssize_t] 5 s# J5{0, {H Python X4 th
FREN None, FEXFMEL T, C 484X E A NULL,

y (read-only bytes-like object) [const char *] X A~FIK ARG — A FFATI BN LI N — 8 1 FAFER Y

C 841 B A% Unicode X4, FIr R R AF A IRAR null FZ455 WEREA T null 277,
&5 %—A4> ValueError B,

TE 3.5 MUCHE B PATT, 475 o KB 3| THRA M null 295425 & TypeError

y* (bytes-like object) [Py_buffer] s* A8, 237 Unicode X5, W2 K7 R A&, X%
eI HeE ik

yv# (Hifbytes-like object) [const char *, int B; Py_ssize_t] s# 48R, A3 Unicode %5, HiE%d
SR i

S (bytes) [PyBytesObject *] 23K Python X4 °h bytes X4, ANZEXIATAEMEFEAR . WMFRZITZAH
bytes X[ G M &x5| % TypeError. CARWAHFINPyobject * A,

Y (bytearray) [PyByteArrayObject *] ZI3K Python X5 bytearray X5, NI TR . 10
RAZMEAN bytearray XRNEG| K TypeError. CASRMW AT FEIhPyobject * AL,

u (str) [const Py_UNICODE *] }—~ Python Unicode X} 5 54k i 45 1] — 4~ PA%S 2 114 Unicode F£74%
IR . VRIS A—>Py_UNTCODE f85 78 Stk 776 T— N8 I & 247751 Unicode
GErp X FEET o WTERE— AN Py_UNICODE AU FAF T LI T g i 10 (16 5 # 32 1i7) . Python
FRFRALAURREE AR null (B WA, 31%—A> valuesrror 5.
TE 3.5 MUCHE R PATT, 24 Python “AAFER Hil %) T i AW null f0AS 552551 & TypeError .
Deprecated since version 3.3, will be removed in version 4.0: X2 |HEE X Py_UNICODE APL; i 1T %
ZPyUnicode_AsWideCharString().

u# (str) [const Py_UNICODE *, int 8 Py_ssize_t] u (28R, FEW C AR, H—MReHEm—
A~ Unicode FHRZZAEIX, SH_AREMKE. BV null A5 5.
Deprecated since version 3.3, will be removed in version 4.0: X2 |HEE R Py_UNICODE APL; i&1E %
ZPyUnicode AsWideCharString().

Z (str 5§ None) [const Py_UNICODE *] 5 u 241, {H Python %f %t 7] fE & None, 7F X Fh 1% i
TPy _uUNICODE #8418 & NULL,

Deprecated since version 3.3, will be removed in version 4.0: X2 |HEE Py_UNICODE APL; i 1F %
ZPyUnicode_AsWideCharString().

Z# (str 3¢ None) [const Py_UNICODE *, int 8§ Py_ssize_t] 5 u# Z5{tl, {H Python X%t 7] &>
None, FEXFMEIL NPy _UNICODE /4% B A NULL,

Deprecated since version 3.3, will be removed in version 4.0: X2 |HEE Py_UNICODE APL; i 1F %
Z$PyUnicode AsWideCharString().

U (str) [PyObject *] %izK Python X§4 4 Unicode X§ %, AR TE(T e . WHRIZXTSA A Unicode
X545k TypeError. CASRM I HHPyObject *,
w (W[ G bytes-like object) [Py_buffer] iX/Fik I ZALATL I IS ZAF KB XS, B hREHE

Rt Py buffer ZEIRME . Zeoh IXPTREAAAE IR AR null S50 24 Z8oh DX 58 i 0 1 2 9 2]
K PyBuffer Release ().
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es (str) [const char *encoding, char **buffer] s 12, B ¥4 51 Unicode ZIFEANFFE MM IX
B A A ik NUL “F5 1 2 gmhs i -
WA FEHANSE. E—MUHER A, HHUHh const char*, Ef8[H—4PA NUL 2%
PR RN A U AR, BN NULL, XFORMA] "ut£-8" Ziidig=X. 124 Python Jg
RIS A RN 5 R 75 . 8 ASEWATUN charr*; BTSN FEEHMER gl
HSECARNENGZMNIX . SCARF AR — DS EOT 2 i ks X T4 5 o
PyArg_ParseTuple () £ BL—AN B K/NWZE WX, R4 I M EdE T DL A~ g ah X H
W *buffer 5] HXAF A TR NAFEZS B WHERATUEEM G PyMen_Free () ZREC &
BRI MIX

et (str, bytes or bytearray) [const char *encoding, char **buffer] fl es H[F], & T AMHERGEA
ARG . MR, ERIEE ARSECE LG AT R IR AY,

es# (str) [const char *encoding, char **buffer, int 5} Py_ssize_t *buffer_length] s# 145z, BRE

Zifh i) Unicode “FPAFFATFATZ X . AR es Tk, B AREIRE L NUL F4F.

EREEASHC HDMURERA, HHAHCN const char*, BIRE-—igHEA4K, B
LA NUL 5 FAFH B NULL, FEJG—F 0L PR " ut £-8 " Zifdsa. WRmADHEA44
FRICIERL Python IR BN 5| K. 5 ANSHULHUN char**; BRG] EHER g
ASECCANEN G X o SCARFFAE — SR E g i X Tt . 265 =S 1k
I —HER R ET s W5 1 B HRBCRF B it Gk DX b ) 5

A PR AT

U2 *buffer 417 NULL #5851, W eRECR BT R/ Gt X, R340 T 1 Bt 52 ) 2] e e X, 5%
B *buffer LA THT > BCRI 76 o RN ST PyMem_Free () DAFERE S RERT BRI 2T X

AR *buffer 5 9E NULL 851 (E0EMZEIX), WPyArg ParseTuple () ¥ I EEH
e X, K Fbuffer_length (IR IGIEMRE N Z M IX KN RIG, BI-E 9 B 5 6 2 g oh X,
HEIE. WEREMXAGEL, FiE—) valueError,

XN BITH, *buffer_length RS B 4 J5 45 A NUL (8RB

et# (str,bytes 5§ bytearray) [const char *encoding, char **buffer, int 3} Py_ssize_t *buffer_length]
M oest HHF, BT AHAERGEANFERENS . HE, BHREEANSECE WG G FAFE R
o,

3
b (int) [unsigned char] Ff—/~3E 1) Python 2RI AV il — AN TEARF S IO RUESY , 77— Cunsigned
char 258,

B (int) [unsigned char] X — > Python #& B ¥4 {b, ji — A ol 88 B4 I O 25 i o 00 A8, ARG — 4> C
unsigned char i,

h (int) [short int] f—> Python B AL i —A4> C short int 437,

H (int) [unsigned short int] 3f—~ Python B AU4E 4k i — C unsigned short int AT SEHEEAY,
H ARG A i 4 17 R

i (int) [int] $f—> Python FERUFL T —> C int FEHL,

I (int) [unsigned int] £/~ Python BRI/~ C unsigned int JEfFSHEAL, FH AR AN H 7]
Hi
i

1 (int) [long int] $—> Python 3R EEAL i —4 C long int KA,

k (int) [unsigned long] f—~ Python &M EE(V ii—14 C unsigned long int TS KEBAL, HA K
B H )

L (int) [long long] #—4> Python %A  ii—~ C long long KK,

K (int) [unsigned long long] #—~ Python &A% (L if— > Cunsigned long long ff5K KA,
FEAKE AL i ) )
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n (int) [Py_ssize_t] ¥f—> Python B RIEL(L fli—4~ C Py_ssize_t Python JuRK/NEZY,

c (bytes ¥ #i bytearray KJ¥4 1) [char] K> Python FFH5JE%, W— MK JE N 1 ) bytes 5
bytearray X%, FLm—" Cchar FRFHA.

TE 3.3 JREM: foiF bytearray FERAITA .

C (str KJEA 1) [int] 5> Python F4F, M—PKEN 1B str FRAEPXTS, FLm—4> C int B
RA,

£ (float) [float] Kf—> Python 3% &AL —/~ C float J#5i%K.
d (float) [double] H§—~ Python j fi %L l— 1> C double XUKGREVE sS4
D (complex) [Py_complex] {f— Python & $2 44k ii—4~ C Py_complex Python S (257,

Hipxtx

O (object) [PyObject *] ff Python X5t (RIHATILATHAR) Trffife C XIgdsst . Hit, CRFHEICE
BASEERXTR . WRIYTI RN 2R . fEAERTRE A 2 NULL.

0! (object) [typeobject, PyObject *] K§—~ Python X G247 A—~ C X4 46%F . XEMT o, (HR2HEZH 1
C 2% 55—~ J2 Python 25BN (il , 85 AN EAEMERT S 35411 C Zs g CRAL R Pyobject %)
k. QSR Python X5 R HA FrEisk sy, M&x5| % TypeError,

O& (object) [converter, anything] i id—> converter PR —~ Python X454 y—A4~ C 455, R %k
ZWANSE: HAN R, AR CARRE GREUERE) MHbhl, $4h void * 2884, converter
PRECRE A T =k o -

status = converter (object, address);

Hp object 2 FFFEAY) Python XF 41 address &4 PyArg Parse* () AR void* B4, i&(H
(1) status 240N 1 AREFEAR R DA 0 BRI, S54RI, converter BREN 245 | K 54
I H.2x1k address N AR FFARABCIRAS .

2R converter &[] Py_CLEANUP_SUPPORTED, NUNRSEMRNTIRZ R, ©nl g FR %
MREL, MM AR A LR E AR NAE . EE A, object Z406 4 NULL; I,
ZSEN A NULL; H G, 2S5 NULL, L, SN NuLL S (R E) & O NULL
address W{H5 J5 4G WY b B (ELAH ] o

1E 3.1 BUE ) Py_CLEANUP_SUPPORTED #§ Ul o

p (bool) [int] ML AWM E NE (— MR FIW FH B EER AL ATV C true/false HEALE .
WMRFXRAHEE 1, BNE 0. BHEZMEMEVAN Python {H. £, truth FRIH £ 5T Python 41
ap I AR R
3.3 HiPine.

(items) (tuple) [matching-items] %} 507052 Python 741, BRI R items g E TR . CZ
AR items HERE— D SL ISR BT, JPH P IRE R IT A BB IR E

%356 " long” FEAY CREAU ML TP 5 1 LONG_MAX BRI 21T BERY, SR HEA T 24 18 A ——

T BN HEOR B 5 BB (BRI (58P b, C i 5 RAETE PRI SLA 586

AL R AE T e R AR E) .

R AT iy — S8 A ) F AR B RRIR A Lo X BT I N IR EAE RS 1. B

| WL Python Z45| K F R ISR & T . C AR B I 1) AT Y S 4075 BRI R Ak R BRIAE
— MAESHOATRERS, PyArg ParseTuple () ANREVFHAHNE C 28 & (EHE) A .

$ PyArg ParseTupleAndKeywords () only: FKWITE Python Z4451) 3%t T 1) 2 Bl 2 ot i %
ZH. MET, AR ST SRR RS, TS E AR R T | W —EAE S R
[

3.3 B fE.

£
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A BRICH I REE AR B R PR ER BRI BRI B P R B8 (PyArg_ParseTuple ()
BREG I “RBR(E” 5.
;%éfﬁ%ﬂ%%ﬁﬁ%;ﬁ%ﬁ%?ﬁ%ﬁ%%W%%ﬁﬁﬁ@ﬁﬁ%%%ﬁﬁﬁo:ﬁ;mﬂﬁ

FERAEAT ] 2 B 3t Python YR 52 45 ka9 5115 AZLEBENHT T

B 2 I L R B RN S 2T s A A A A R AR B At 5 X SR FH RAT At i A G AL
ARG, AN BT AR R IC R IR, RSB A A TS T . BTN
DEPCE E A R A% BT

N T AR, arg X GV ECAE 2O BAR U AU . NG, PyArg Parse* () B%URIT true,
Sz AR false I H5| % —AEE R . 2HPyArg Parse* () RPN NR— MG HICHALK K
TSR IGCIRE - X6 R ) A B I 2 A 2 B et il A PR 2 RS X B

API B ¥

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
fENT— RN 28, Rk SEAES AL E T AN SR TR AE & . R E true; RIGR[E]
false 7 H5 | K AH I 75 o

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
MpyArg_ParseTuple () M, SRIMIEHEZ A va_list BRSO A 1] BRI S L

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words[], ...)
TR B2 RO S B S A ) I e 8 ey A B BRI S5 keywords Z 802 KT SAU4 R
H) NULL 2 B 804H . 254 FRFE R positional-only parameters, IR A true; & AR, ¥ E
false F5 | A AH NI 5775 o

T 3.6 BB YN T positional-only parameters 1) 3 35 .

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format,
char *keywords[ ], va_list vargs)

MPyArg ParseTupleAndKeywords () fH[A], SR EREZ—A va_list ZREI S H0M A =2 0] A5 %k
HIWSEUE.

int PyArg_ValidateKeywordArguments (PyObject *)

TR L S VIS S B I G < P = S PR > O M eI OO G I
T PyArg ParseTupleAndKeywords () A HMIE LT, JF&HC LA HMXHFE R
.,

3.2 HrihfE.

int PyArg_Parse (PyObject *args, const char *format, ...)
BRECH I RATHY “IHZRAL” B SHIFR X SR U I 1 METH_OLDARGS AT % E
M Python 3 WAk . XA T B AU R S BT, IF HAEARERPRE S TP R 2 H IS B wlg
%, EAHHTZEN. BRI T AL, SRl RE R i A~ H AR ] .

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)

—ANERIRASEEEROT R, B AR € SHCRAL. X R R R IS A R
B AR B RS I METH_VARARGS . A& 5L SEUN T 415 args e A5 E
WA S — A Ie . JTCHI K LA R DR min 3 HANE IS max; min Fl max W REAHSE . FRAMEY
SRR E ANREL, TS EAR— MR Pyobject * 28 g FaEr: BEAIRFLARH args 1A
B e EEEMG I XTSRS A RN W args 45 th IR ENTRBRIEAE
KANUEAC . BERRBINAT LTI IR [0l EAE, AR args AN @ Jogl sl 8 A & Al iR A 1 o 2 R [RMER(E
AR T R PRF R — A 7

KRR B R B, BUA _weakref i BIARHTI R S505 |H AJEACHS -

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

Q)

48 Chapter 6. TR



The Python/C API, %% 3.9.1

PyObject *object;
PyObject *callback = NULL;
PyObject *result = NULL;

if (PyArg_UnpackTuple (args, "ref", 1, 2, &object, &callback)) {
result = PyWeakref_ NewRef (object, callback);
}

return result;

}

EM TR PyArg UnpackTuple () BN TR PyArg ParseTuple ():

’PyArg_ParseTuple(args, "O[O:ref", &object, &callback)

6.6.2 BIETE

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

Return value: New reference. 21250l T-PyArg Parse* () R R F— R VE PSR F 4801 2

BE. TE IS IRAT IR B NULL; AR ] NULL, K55 K 5% .

Py_BuildvValue () FA—HAE—NITH. HAEYE WSR-S A 2 4%

TTA @ ICH ., MRS 22, Bk None; WEREMAS—MELHIT, BiRkE

F A% S FRICHAR I AR — X5 o H RG-S 2 A% AL A BB v DABR 3l B R ] — N KU/ R 0 B3 1 1)

JG.

2 INFF AT X B LS BOE A% 18 R M XS 2w, s Fl s# A8 BRTT, 23 DI 2L

. RN XM REA S Py _Buildvalue () B)Z2EINSRGH. A5G0,

FARB RIS malloc () I HAFRCHI NAF S84 Py _Buildvalue (), AREIAISHEAE T3

{EHEPy_Buildvalue () IREIFEM free ()

FET SRS, W5 SR E T BRES O WIS IoR ZhR [ 9 Python Xf 4

RA FIES (1 WA 2LiE) C As i (B a4E) rY2eAl,

FAHEIMASHE, $RA, B9 MESERAEFEIT R h 28 20 (B2 Ao, Wsh). X

AT DAEARA g b A B A T A 0 P e

s (str B None) [const char *] {#[f] 'utf-8"' JiDKES LK IR C FAFER 2l Python str X4,
Wk C 45454 A NULL, WA None.

s# (str 5§ None) [const char *, int 8} Py_ssize_t] ffif] 'utf-8' 4i%¥ C /e N H K FEE
224 Python str X5, MR CFAFERFEE A NULL, WK BERFREZ0%, H3& 1] None.

y (bytes) [const char *] jX(f C FAFH #4 ) Python bytes Xt5. QIR C FAFHR R4 NULL,
NJ3R [|] None,

y# (bytes) [const char *, int 8§ Py_ssize_t] iX&Kf C FAFH M HAK B —4> Python X4,
W% C FAFE 455N NULL, WA None,

z (str or None) [const char *] fI s —#f,
z# (str B None) [const char *, int B Py_ssize_t] fll s# —FF.

u (str) [const wehar_t *] JF25 2 [F 1Y wechar_t [ Unicode (UTF-16 5 UCS-4) ¥R 22 o X %460
>4 Python Unicode %f4¢. #I5f Unicode ZZp X 35415 NULL, N[5 None.

u# (str) [const wehar_t *, int 8¢ Py_ssize_t] ff Unicode (UTF-16 B UCS-4) %{iEZEap X H
K B 454 Python Unicode X§42. I Unicode & X454 4 NULL, WK FER9E 20, HHiR

[A] None,
U (str 5§ None) [const char *] fll s —FE,
U# (str 3§ None) [const char *, int 8§ Py_ssize_t] il s# —FE.
i (int) [int] Ff—4> C int BEAFL{L A Python BEAIXT 42
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b (int) [char] Kf—> C char “FRFRFEALAL Python FEAINT 4 .

h (int) [short int] —4~ C short int $F#&FIEAk 5} Python 3RS 4 .

1 (int) [long int] F5—1>C long int KHEEREAL Python ARG .

B (int) [unsigned char] §—{~> C unsigned char TS5 FAF B4V A Python XIS 42

H (int) [unsigned short int] ¥ —{> C unsigned long FTLFFE4EEE ALV AL Python B AN 4 .
I (int) [unsigned int] }f—/> C unsigned long JLAFSHERIELAL Il Python FEAINT 4

k (int) [unsigned long] (f—/~ C unsigned long A5 KEERIEEAL Y Python AN 4 .

L (int) [long long] —4~ C long long KK Python X4 .

K (int) [unsigned long long] ¥ —> C unsigned long long JTofF5 K KIEAIEE AL Y Python %
EEPOE 8

n (int) [Py_ssize_t] ¥f—14> C Py_ssize_t J5HI%E4k A Python 3£

c (bytes KJ¥H 1) [char] ¥4~ C int BA R FZFF4440 A Python bytes KN 1 [HF%T
%,

C(stx KR 1) [int] $§—4> C int BARIFAHELI N Python str KN 1 IFAFHRXTE
d (float) [double] ff—4~ C double BUEEEIF ALk Python 7 SACR A

£ (£loat) [float] f—1> C float HUREEEE MU 1L Python i SR ALEF

D (complex) [Py_complex *] Kf—> C py_complex RBPEHH (L Python S ERAL,

O (object) [PyObject *] ¢f Python X} G % ik AAE (G| H BRI, &IT48h 1 #4) . ik
AWIXT & NULL $84t, WBOE X2 BT 28 S E0ny 8 4 IS 320 1 8 R s i 5 [ 1
Hlt, Py_Buildvalue () iR NULL, HAL5]ERH. WHRM KT AR, WKE
SystemError,

S (object) [PyObject *] F1 0 fH[A.

N (object) [PyObject *] #1 0 AH[F], SR EFHAMEMATZE5I T4 ML\ S 8RBt
GG AR O R S AR S .

0& (object) [converter, anything] it converter BRECE: anything %36k Python %14 . 1% pR ER F ih 2>
& anything (W5 void* 2 1ERNSHOT HW 43R Bl —A> “Hrag” Python Xt4e, i M4k
A BRI [B] NULL.

(items) (tuple) [matching-items] f—> C 7 &7 5145 i, Python JTZH H CREFAH R ST R AR .
[items] (list) [HIRAYICHE] Kf—> C AL R FHIHAG AL Python 5 R IFOREFH Y T R AR
{items) (dict) HIXMIEH] A5/ C AR HUL Python 75, 45— XHIELAY C 25 B
H—ATCEBATIA, 2RI K RIME .
SRR R I A R, WE SystemError S FFiR ] NULL,
PyObject* Py_VaBuildValue (const char *format, va_list vargs)

Return value: New reference. 1Py _Buildvalue () fH[E], SR EREZ— va_list XIS ET A =
A AR SR
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6.7 FHBREMSEAL

TR AR AL 5 H5 i 1 14 R

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
FRIEAS X FAFER formar FUESNSEL, AR size FATE] sor o 72 W, Unix T 00 snprintf(2)

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
AR X FATER format FIAE B SHINE va , AREH T size T8 str o 752 0L Unix FJ} 571
vsnprintf(2) ,
PyOS_snprintf () MPyOS_vsnprintf () 3 C HR#EFEREL snprint £ () Ml vsnprintf () . B
110 H W2 PRUEER TS 00 N B —8U TR, AR C I RREIA A
FLAEARAOR str[Fsize-1] TEIRIBHRZAZ '\ o ENIMAG ARG size 745 (RAELGERM '\0" ) FF
Fret. THREERFREW 2 str != NULL, size > O f] format != NULL.

WP GIEA vsnprint £ () T H. 22 X /N T B2 G 0T H size 512 <735 AL, Python 2x PA—
/]\nyFatalError() 5{%'4:‘1]:0

XSERR B R E (rv ) BEAE B DA R g -
* M0 <= rv < size, HMFAHMINMH rv DFRHWTGA st (RELEGARRE sor*[*rv] 15 ' \0" F

1)

T
s M rv >= size, HiMFEHPBWIT HBCIFE DA ov + 1 FREM K. FEXMELLT,
str¥[*size-1] {EZ "\0' .
s Brv < 0, RAEBRGHRSE. EXFFIT, siriFsize-1] BIEMEZE '\, (HZ stor I
IR ARBE Lo SRR E BT IRE 6.
PATR BRI B TR 5 PR T R Y A R B R e
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
FEFAFHR s Feffeoly double 2RHY, RIMINT| A& Python 54 . HeAZHYFATERIYHEA X T4 Python
1) float () MIEREIEZHNTFAHNES, T s RDACAH RN TR . Fi i T2
HIHY X35

WR endptr 4 NULL , S4B FFH . 5]k ValueError I HiRW 1.0 WIRFHFRAZTE
MBI R 2R

WR endptr g NULL , RUBEL AT AT ERIFRE *endpt v BB NS )5 — D ARFAR 74T«
WERFAF R R BN ZIF U A R RT3, ¥ *endpt r WE MR MIFAFR K, 51K
ValueError %%, FHigFH -1.0 .

W s TR — D KKMAGAE—NF R8P agE (BB, "le500" HETEZTFE LR 1T
) ARG UISR overflow_exception f& NULL iR M| Py_HUGE_VAL (Hi&EX4M47%) HHA
WEATM R fEHA T, overflow_exception Mg -~ Python RHEXIG: 51K FH
HaRE 1.0 o ZEXFMIFO T, BE *endptr FMFEHRIEZ FHHE—DF4F

USRAER A S A AR AT A e (HA— A AP R I ) . BEELE 2419 Python S HR 1]
-1.0,

3.1 B fE.

char* PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
e double val —AME T format_code, precision Fl flags [ F4FER

X EUFRAN TP Z —, e, 'EY, V£ R, gt UG B Tt T et SR AR LD
i 0. 'rt M HE TARERAL repr () #53K.

flags A DA M HAth{ Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 8{ Py_DTSF_ALT By HH &
* Py_DTSF_SIGN FINE@TER [ A ER R I —MF 5545, BIEE val HE55L
* Py_DTSF_ADD_DOT_0 F/RHfi iR Ml FAF R B A G 2 — 4R
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* Py_DTSF_ALT FnM " B A=A BEN . AH TGS PyOS_snprintf () "#' &
XY
W ptype K NULL, ‘&35 18] W {E B #% %/ Py_DTST_FINITE, Py DTST_INFINITE B
Py_DTST_NAN H—A~, 730N val @ — A IRET . TohRECF SR

R FE SR — R A S 8 5 AT ER Y buffer FOFEET, ANSRELHRJIGNR NULL. 18 F 7 B 5T
HpyMem _Free () FREHOR B F47E

3.1 B fE.

int PyOS_stricmp (const char *s/, const char *s2)

TREAR D KNG . ZRBILFS stremp O BT/ M, R ERN TR,

int PyOS_strnicmp (const char *s/, const char *s2, Py_ssize_t size)

TR KNG . ZRBILT-S strnemp O LA MR, 2B TN,

6.8 5

PyObject* PyEval_GetBuiltins (void)
Return value: Borrowed reference. 1R |11 24 Fi PAAT I A B BR B0 7310, A0 R 2 T8 A WUEAE AT, )
1 ] ZR RS Y RS -

PyObject* PyEval_GetLocals (void)

Return value: Borrowed reference. 3 0] 4 Hij AT H oyl AL S () 3L, TSR0 24w AT T ) it a2 1]
NULL,

PyObject* PyEval_GetGlobals (void)
Return value: Borrowed reference. iR [\ 24 HHA T 42 fEy A8 S 2L, A0SRV A 24 BT P01 T 1 it 3% [m]
NULL,

PyFrameObject* PyEval_GetFrame (void)
Return value: Borrowed reference. j& [] 4 Fi & ARRAS ML, A0SR BEA S BT T R MR [8] NULL,

i S PyThreadState_GetFrame (),

int PyFrame_GetBack (PyFrameObject *frame)

I frame Sy~ — > HEE

R ARG, AR frame A7 SMHRWUIR [E] NULL,
frame W/ NULL,

3.9 B I HE.

int PyFrame_GetCode (PyFrameObject *frame)

L frame HICHY
R =55 .
frame WA R NULL. £554 (Wi RES) REEHN NULL.
3.9 B fE.
int PyFrame_GetLineNumber (PyFrameObject *frame)
PR frame 24 B IEAEHRATIIFTS o
frame WMWK NULL,
const char* PyEval_GetFuncName (PyObject *func)

WA func ZpRE. KBRS, WEREIERZAFR, BRI func FIZERLHI 45K

const char* PyEval_GetFuncDesc (PyObject *func)
HRAE func W2 BLIR AR FAFER o 3R [HE A5 R EFI 7 ¥A17()7, 7 constructor”, ” instance” F1” object”.
YpryEval_ GetFuncName () WZEHRERE, 458K func A .

52 Chapter 6. TR



The Python/C API, %% 3.9.1

6.9 mAFEDREMSZIRThEE

int PyCodec_Register (PyObject *search_function)
A7 04 G AR A st 1 2% BRI

PEREIWEN, HE2m#k encodings 40, WRMARSEM, WHIPRE IRAAL TR KGR F—
(e

int PyCodec_KnownEncoding (const char *encoding)
HABRENH 25 3E encoding H)Jw it 215 CAFAEMR ] 1 50 0. IR B REISCE .

PyObject* PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)

Return value: New reference. 17 B nfiiih a8 B AN 9w APIL,

object [ B errors it & LR IRAC IR VAL IR 45 7€ encoding (M) 9mASER R4 . errors A DAH NULL 3
AN A b BT E SRR DT VR - AR 2 2 i 28 W 25| & LookupError,
PyObject* PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)

Return value: New reference. 17 B nfiiit 45 B AN fi#AY APIL,

object [ 11 1 errors it & LA ERAL BT VAL 1B 25 7€ encoding WIFRIGERBREL . errors W DAA NULL 3
AN R RS s T SO BN TV . ISR A B S fR g e £ 5] % LookupError.

6.9.1 Codec ZE#; API

TE T IR, encoding “FAFHR A LI HAIN /NG FRHE, XA 13 AL 2 4 4 5 s X5 o
XN G AU WERAR R BULAT i S A% , A KeyError Ji& M| NULL,

PyObject* PyCodec_Encoder (const char *encoding)
Return value: New reference. " 45 € ) encoding FRIL—A~ 9w ea K%L .

PyObject* PyCodec_Decoder (const char *encoding)
Return value: New reference. "% € ) encoding FREL— Mg 28 KA.

PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. "% € ) encoding Bl —4> IncrementalEncoder X4 .

PyObject* PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. "% € ) encoding Bl —1~ IncrementalDecoder X% .

PyObject* PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. "% € ) encoding $BL—1> St reamReader ) %L,

PyObject* PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. " %5 E W) encoding $BL—A~ StreamWriter L) K%L,

6.9.2 FF Unicode iBsEiRMBIEERFIEM = API

int PyCodec_RegisterError (const char *name, PyObject *error)
TEZ S name 2R R AL P T VR B AL error. 2[RIV BB BCRFAE— 19 ARAL 25 168 3 TEk S 1)
FEITEVE SR ) 519 B I H. name 335 7E 4 encode/decode e %5 I 1) error JEZ: N i 4m A o K
P A .

Z Bl o K OB & ¥ % — > UnicodeEncodeError, UnicodeDecodeError &{
UnicodeTranslateError WSEGIVE R M S E, H & 56 T4 B A 50537 75 )
HAE G175 s A5 5. (32 R Unicode Exception Objects | fRFEIUNAT B BN ) o %m0
BRE NG | 45 E ) S, BOE R ] — AN S A 00 0 KA 4 A i — o, PA R — 3R
IS R REE, R P A E AT 26 B AR G i R A

PR [E] <0, RIBISR ] -1
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PyObject* PyCodec_LookupError (const char *name)
Return value: New reference. X 3RAE name 22 N1 S8R AL FE B R . VB M4FRMI3A 7T DA A NULL,
TE IS 0 B B4 5 strict” A48 5 A T (0] 8 R 25

PyObject* PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. 5| % exc VN5 .

PyObject* PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. 2% unicode 5%, Bkid4SiRATHI A

PyObject* PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. f§iJf] 2 8% U+FFFD %4t unicode 4 fd%E % .

PyObject* PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. i [f] XML 475 | Fl %4t unicode Jfid iz .

PyObject* PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. i [l SRHTHE LAF (\x, \u Fil \U) Z#t unicode iR,

PyObject* PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. {iJ]] \N{ . . . } ¥ X £33 unicode g4tz .

3.5 B fE.
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MERE

AF PRI Python WRACH., TR HARM, sHAZRMXEKA (B, FrafuEsesd, =0
HIFHNEA) . M RIEBIEAE N, A&7 E—4> Python 5.

XL PR FCRE A AT BE TR IERI AL T 52 1, — Nkt St pyList_New () B, (HHEARTH
BB B B — 9k “NULLf{H .

7.1 AR

PyObject* Py_NotImplemented
The Not Implemented singleton, used to signal that an operation is not implemented for the given type
combination.

Py RETURN_NOTIMPLEMENTED
Properly handle returning Py Not Implemented from within a C function (that is, increment the reference
count of NotImplemented and return it).

int PyObject_Print (PyObject *o, FILE *fp, int flags)
Print an object o, on file fp. Returns —1 on error. The flags argument is used to enable certain printing options.
The only option currently supported is Py_PRINT_RAW; if given, the st r () of the object is written instead
of the repr ().

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
Returns 1 if o has the attribute attr_name, and 0 otherwise. This is equivalent to the Python expression
hasattr (o, attr_name). This function always succeeds.

Note that exceptions which occur while calling __getattr__ () and __getattribute__ () methods
will get suppressed. To get error reporting use PyObject_GetAttr () instead.

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
Returns 1 if o has the attribute attr_name, and 0 otherwise. This is equivalent to the Python expression
hasattr (o, attr_name). This function always succeeds.

Note that exceptions which occur while calling _ getattr__ () and __getattribute__ ()
methods and creating a temporary string object will get suppressed. To get error reporting use
PyObject_GetAttrString () instead.

PyObject* PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. Retrieve an attribute named attr_name from object 0. Returns the attribute value
on success, or NULL on failure. This is the equivalent of the Python expression o.attr_name.
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PyObject* PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. Retrieve an attribute named atfr_name from object 0. Returns the attribute value
on success, or NULL on failure. This is the equivalent of the Python expression o.attr_name.

PyObject* PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. Generic attribute getter function that is meant to be put into a type object’s
tp_getattro slot. It looks for a descriptor in the dictionary of classes in the object’s MRO as well as an
attribute in the object’s __dict___ (if present). As outlined in descriptors, data descriptors take preference
over instance attributes, while non-data descriptors don’t. Otherwise, an AttributeError is raised.

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Set the value of the attribute named attr_name, for object o, to the value v. Raise an exception and return —1
on failure; return 0 on success. This is the equivalent of the Python statement o.attr_name = wv.

If v is NULL, the attribute is deleted, however this feature is deprecated in favour of using
PyObject_DelAttr().

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)
Set the value of the attribute named attr_name, for object o, to the value v. Raise an exception and return —1
on failure; return 0 on success. This is the equivalent of the Python statement 0. attr_name = wv.

If v is NULL, the attribute is deleted, however this feature is deprecated in favour of using
PyObject_DelAttrString().

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Generic attribute setter and deleter function that is meant to be put into a type object’s tp_setattro slot.
It looks for a data descriptor in the dictionary of classes in the object’s MRO, and if found it takes preference
over setting or deleting the attribute in the instance dictionary. Otherwise, the attribute is set or deleted in the
object’s __dict___ (if present). On success, O is returned, otherwise an AttributeError is raised and
-1 is returned.

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
Delete attribute named attr_name, for object o. Returns —1 on failure. This is the equivalent of the Python
statement del o.attr_name.

int PyObject_DelAttrString (PyObject *o, const char *attr_name)
Delete attribute named attr_name, for object 0. Returns —1 on failure. This is the equivalent of the Python
statement del o.attr_name.

PyObject* PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. A generic implementation for the getter of a ___dict___ descriptor. It creates
the dictionary if necessary.

3.3 BRI HE.

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
A generic implementation for the setter of a ___dict__ descriptor. This implementation does not allow the
dictionary to be deleted.

3.3 BRI HE.

PyObject* PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. Compare the values of ol and 02 using the operation specified by opid, which
must be one of Py_LT, Py_LE, Py_EQ, Py_NE, Py_GT, or Py_GE, corresponding to <, <=, ==, |=, >,
or >= respectively. This is the equivalent of the Python expression o1 op 02, where op is the operator
corresponding to opid. Returns the value of the comparison on success, or NULL on failure.

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
Compare the values of 0] and o2 using the operation specified by opid, which must be one of Py_LT, Py_LE,
Py_EQ, Py_NE, Py_GT, or Py_GE, corresponding to <, <=, ==, ! =, >, or >= respectively. Returns —1 on
error, O if the result is false, 1 otherwise. This is the equivalent of the Python expression o1 op o2, where
op is the operator corresponding to opid.
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1. If ol and 02 are the same object, PyObject_RichCompareBool () will always return 1 for Py_EQ
and 0 for Py_NE.

PyObject* PyObject_Repr (PyObject *0)
Return value: New reference. Compute a string representation of object o. Returns the string representation on
success, NULL on failure. This is the equivalent of the Python expression repr (o). Called by the repr ()
built-in function.

TE 3.4 {2 This function now includes a debug assertion to help ensure that it does not silently discard an
active exception.

PyObject* PyObject_ASCII (PyObject *0)
Return value: New reference. As PyObject_Repr (), compute a string representation of object o, but
escape the non-ASCII characters in the string returned by PyOb ject_Repr () with \x, \u or \U escapes.
This generates a string similar to that returned by PyObject_Repr () in Python 2. Called by the ascii ()
built-in function.

PyObject* PyObject_Str (PyObject *0)
Return value: New reference. Compute a string representation of object 0. Returns the string representation
on success, NULL on failure. This is the equivalent of the Python expression str (o). Called by the str ()
built-in function and, therefore, by the print () function.

TE 3.4 B B This function now includes a debug assertion to help ensure that it does not silently discard an
active exception.

PyObject* PyObject_Bytes (PyObject *o)
Return value: New reference. Compute a bytes representation of object 0. NULL is returned on failure and
a bytes object on success. This is equivalent to the Python expression bytes (o), when o is not an integer.
Unlike bytes (o), a TypeError is raised when o is an integer instead of a zero-initialized bytes object.

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
Return 1 if the class derived is identical to or derived from the class cls, otherwise return O. In case of an error,
return —1.

If cls is a tuple, the check will be done against every entry in cls. The result will be 1 when at least one of the
checks returns 1, otherwise it will be 0.

If clshasa__ _subclasscheck__ () method, it will be called to determine the subclass status as described
in PEP 3119. Otherwise, derived is a subclass of cls if it is a direct or indirect subclass, i.e. contained in
cls.__mro_

Normally only class objects, i.e. instances of t ype or a derived class, are considered classes. However, objects
can override this by havinga __bases___ attribute (which must be a tuple of base classes).

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
Return 1 if inst is an instance of the class cls or a subclass of cls, or 0 if not. On error, returns —1 and sets an
exception.

If cls is a tuple, the check will be done against every entry in cls. The result will be 1 when at least one of the
checks returns 1, otherwise it will be 0.

If clshasa___instancecheck__ () method, it will be called to determine the subclass status as described
in PEP 3119. Otherwise, inst is an instance of cls if its class is a subclass of cls.

An instance inst can override what is considered its class by havinga __class___ attribute.

An object cls can override if it is considered a class, and what its base classes are, by having a __bases___
attribute (which must be a tuple of base classes).

Py_hash_t PyObject_Hash (PyObject *o)
Compute and return the hash value of an object o. On failure, return —1. This is the equivalent of the Python
expression hash (o) .

F£ 3.2 W PR The return type is now Py_hash_t. This is a signed integer the same size as Py_ssize_t.
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Py_hash_t PyObject_HashNot Implemented (PyObject *o0)
Set a TypeError indicating that type (o) is not hashable and return —1. This function receives special
treatment when stored in a tp_hash slot, allowing a type to explicitly indicate to the interpreter that it is not
hashable.

int PyObject_IsTrue (PyObject *0)
Returns 1 if the object o is considered to be true, and 0 otherwise. This is equivalent to the Python expression
not not o. On failure, return —1.

int PyObject_Not (PyObject *o)
Returns 0 if the object o is considered to be true, and 1 otherwise. This is equivalent to the Python expression
not o. On failure, return —1.

PyObject* PyObject_Type (PyObject *o)
Return value: New reference. When o is non-NULL, returns a type object corresponding to the object type
of object 0. On failure, raises SystemError and returns NULL. This is equivalent to the Python expres-
sion type (o). This function increments the reference count of the return value. There’s really no rea-
son to use this function instead of the common expression o—>ob_type, which returns a pointer of type
PyTypeObject *, except when the incremented reference count is needed.

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
Return true if the object o is of type type or a subtype of fype. Both parameters must be non-NULL.

Py_ssize_t PyObject_Size (PyObject *o)

Py_ssize_t PyObject_Length (PyObject *o)
Return the length of object o. If the object o provides either the sequence and mapping protocols, the sequence
length is returned. On error, —1 is returned. This is the equivalent to the Python expression 1en (o).

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t default)
Return an estimated length for the object o. First try to return its actual length, then an estimate using

__length_hint__ (), and finally return the default value. On error return —1. This is the equivalent
to the Python expression operator.length_hint (o, default).
3.4 FriR e

PyObject* PyObject_GetItem (PyObject *o, PyObject *key)
Return value: New reference. Return element of o corresponding to the object key or NULL on failure. This is
the equivalent of the Python expression o [key].

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
Map the object key to the value v. Raise an exception and return —1 on failure; return 0 on success. This is
the equivalent of the Python statement o [key] = v. This function does not steal a reference to v.

int PyObject_DelItem (PyObject *o, PyObject *key)
Remove the mapping for the object key from the object 0. Return —1 on failure. This is equivalent to the
Python statement del o[key].

PyObject* PyObject_Dir (PyObject *0)
Return value: New reference. This is equivalent to the Python expression dir (o), returning a (possibly empty)
list of strings appropriate for the object argument, or NULL if there was an error. If the argument is NULL,
this is like the Python dir (), returning the names of the current locals; in this case, if no execution frame is
active then NULL is returned but PyErr_Occurred () will return false.

PyObject* PyObject_GetIter (PyObject *0)
Return value: New reference. This is equivalent to the Python expression iter (o). It returns a new iterator
for the object argument, or the object itself if the object is already an iterator. Raises TypeError and returns
NULL if the object cannot be iterated.
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7.2 & Al
CPython SR TR - 1p_call R LA

7.21 tp_call tipiY

W tp_call IRISLHIEZTIRNE . RO N

PyObject *tp_call (PyObject *callable, PyObject *args, PyObject *kwargs);

A call is made using a tuple for the positional arguments and a dict for the keyword arguments, similarly to
callable (*args, **kwargs) in Python code. args must be non-NULL (use an empty tuple if there are
no arguments) but kwargs may be NULL if there are no keyword arguments.

This convention is not only used by #p_call: tp_new and tp_init also pass arguments this way.

To call an object, use PyObject_Call () or other call API.

7.2.2 The Vectorcall Protocol

3.9 B fE.
The vectorcall protocol was introduced in PEP 590 as an additional protocol for making calls more efficient.

As rule of thumb, CPython will prefer the vectorcall for internal calls if the callable supports it. However, this is not
a hard rule. Additionally, some third-party extensions use #p_call directly (rather than using PyObject_Call ()).
Therefore, a class supporting vectorcall must also implement tp_call. Moreover, the callable must behave the
same regardless of which protocol is used. The recommended way to achieve this is by setting tp_call to
PyVectorcall_ Call (). This bears repeating:

e A class supporting vectorcall must also implement tp_cal 1 with the same semantics.

A class should not implement vectorcall if that would be slower than #p_call. For example, if the callee needs to
convert the arguments to an args tuple and kwargs dict anyway, then there is no point in implementing vectorcall.

Classes can implement the vectorcall protocol by enabling the Py TPFLAGS _HAVE_VECTORCALL flag and setting
tp_vectorcall_offset tothe offsetinside the object structure where a vectorcallfunc appears. This is a pointer
to a function with the following signature:

PyObject * (*vectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kw-
names)
* callable is the object being called.

* args is a C array consisting of the positional arguments followed by the values of the keyword argu-
ments. This can be NULL if there are no arguments.

* nargsf is the number of positional arguments plus possibly the PY_VECTORCALL_ARGUMENTS_OFFSET

flag. To get the actual number of positional arguments from nargsf, use PyVectorcall NARGS ().

e kwnames is a tuple containing the names of the keyword arguments; in other words, the keys of the
kwargs dict. These names must be strings (instances of str or a subclass) and they must be unique.
If there are no keyword arguments, then kwnames can instead be NULL.

PY_VECTORCALL_ARGUMENTS_OFFSET
If this flag is set in a vectorcall nargsf argument, the callee is allowed to temporarily change args [-1]. In
other words, args points to argument 1 (not 0) in the allocated vector. The callee must restore the value of
args [—1] before returning.

For PyObject_VectorcallMethod (), this flag means instead that args [ 0] may be changed.
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Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
PY_VECTORCALL_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to make
their onward calls (which include a prepended self argument) very efficiently.

To call an object that implements vectorcall, use a call APl function as with any other callable.
PyObject_Vectorcall () will usually be most efficient.

i iR In CPython 3.8, the vectorcall API and related functions were available provisionally under
names with a leading underscore: _PyObject_Vectorcall, _Py_TPFLAGS_HAVE_VECTORCALL,
_PyObject_VectorcallMethod, _PyVectorcall Function, _PyObject_CallOneArg,
_PyObject_CallMethodNoArgs, _PyObject_CallMethodOneArq. Additionally,
PyObject_VectorcallDict was available as _PyObject_FastCallDict. The old names are
still defined as aliases of the new, non-underscored names.

B3

When using #p_call, callees do not need to worry about recursion: CPython uses Py_EnterRecursiveCall ()
and Py_LeaveRecursiveCall () for calls made using tp_call.

For efficiency, this is not the case for calls done using vectorcall: the callee should use Py_EnterRecursiveCall and
Py_LeaveRecursiveCall if needed.

Vectorcall Support API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
Given a vectorcall nargsf argument, return the actual number of arguments. Currently equivalent to:

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

However, the function PyVectorcall_NARGS should be used to allow for future extensions.
This function is not part of the limited API.
3.8 Frh e

vectorcallfunc PyVectorcall_Function (PyObject *op)
If op does not support the vectorcall protocol (either because the type does not or because the specific instance
does not), return NULL. Otherwise, return the vectorcall function pointer stored in op. This function never
raises an exception.

This is mostly useful to check whether or not op supports vectorcall, which can be done by checking
PyVectorcall_Function (op) != NULL.

This function is not part of the limited API.
3.8 FrIIfE.

PyObject* PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
Call callable’s vectorcall func with positional and keyword arguments given in a tuple and dict, respec-
tively.

This is a specialized function, intended to be put in the tp_call slot or be used in an implementation of
tp_call. It does not check the Py TPFLAGS HAVE_ VECTORCALL flag and it does not fall back to
tp_call.

This function is not part of the limited API.

3.8 BN RE.
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7.2.3 Object Calling API

Various functions are available for calling a Python object. Each converts its arguments to a convention supported by
the called object —either #p_call or vectorcall. In order to do as litle conversion as possible, pick one that best fits the
format of data you have available.

The following table summarizes the available functions; please see individual documentation for details.

B callable args kwargs
PyObject_Call () PyObject * | tuple dict/NULL
PyObject_CallNoArgs () PyObject * | --- -
PyObject_CallOneArqg () PyObject * | 1 PXT4 ---
PyObject_CallObject () PyObject * | JLH/NULL | ---
PyObject_CallFunction () PyObject * | format ---
PyObject_CallMethod () X% + char* | format -
PyObject_CallFunctionObjArgs () | PyObject * | A[ARZEL —_—
PyObject_CallMethodObjArgs () X% + ZF5 A S A -
PyObject_CallMethodNoArgs () N + 4 -—- -
PyObject_CallMethodOneArg () X% + ZF5 1 X5 -
PyObject_Vectorcall () PyObject * | vectorcall vectorcall
PyObject_VectorcallDict () PyObject * | vectorcall dict/NULL
PyObject_VectorcallMethod () S+ & FR vectorcall vectorcall

PyObject* PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. Call a callable Python object callable, with arguments given by the tuple args,
and named arguments given by the dictionary kwargs.

args must not be NULL; use an empty tuple if no arguments are needed. If no named arguments are needed,
kwargs can be NULL.

SN IR M EESR ARSI — 7 3R 1] NULL .
This is the equivalent of the Python expression: callable (*args, **kwargs).

PyObject* PyObject_CallNoArgs (PyObject *callable)
Call a callable Python object callable without any arguments. It is the most efficient way to call a callable
Python object without any argument.

IR IS5 5R, AER ORI — A58 9 3R [u] NULL,
3.9 B e

PyObject* PyObject_CallOneArg (PyObject *callable, PyObject *arg)
Call a callable Python object callable with exactly 1 positional argument arg and no keyword arguments.

TR R 455 ARSI —A 8 FE R [a] NULL.

This function is not part of the limited API.
3.9 i Hhe

PyObject* PyObject_CallObject (PyObject *callable, PyObject *args)
Return value: New reference. Call a callable Python object callable, with arguments given by the tuple args. If
no arguments are needed, then args can be NULL.

BRI G55 7 2R IOl — > 78 3% 8] NULL,
XEEMT Python FiAH callable (*args) .

PyObject* PyObject_CallFunction (PyObject *callable, const char *format, ...)
Return value: New reference. Call a callable Python object callable, with a variable number of C arguments.
The C arguments are described using a Py_BuildValue () style format string. The format can be NULL,
indicating that no arguments are provided.

SRR IS5, AE R ORIt — 55 IR [m] NULL,
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XEEMT Python FikH callable (*args) .

Note that if you only pass PyObject *args, PyObject_CallFunctionObjArgs () is a faster alter-
native.

TE 3.4 JiUEE P The type of format was changed from char *.

PyObject* PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference. Call the method named name of object obj with a variable number of C arguments.
The C arguments are described by a Py BuildValue () format string that should produce a tuple.

The format can be NULL, indicating that no arguments are provided.

IR PR FE R Nl — A8 Ik [7] NULL.
This is the equivalent of the Python expression: obJj.name (argl, arg2, ...).

Note that if you only pass PyObject *args, PyObject_CallMethodObjArgs () is a faster alterna-
tive.

TE 3.4 fUH L The types of name and formar were changed from char *.

PyObject* PyObject_CallFunctionObjArgs (PyObject *callable, ...)
Return value: New reference. Call a callable Python object callable, with a variable number of PyObject *
arguments. The arguments are provided as a variable number of parameters followed by NULL.

BCEIIF IR BIER AR R MOl ) — > e R 8] NULL.
XA Python k3 “callable(argl, arg2, ...)“2—FEH .

PyObject* PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. Call a method of the Python object obj, where the name of the method is given
as a Python string object in name. It is called with a variable number of PyObject * arguments. The
arguments are provided as a variable number of parameters followed by NULL.

SRR IS5 5R, AE SRR — A5 IR [u] NULL.

PyObject* PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)
Call a method of the Python object obj without arguments, where the name of the method is given as a Python
string object in name.

SRR IS5 5R, AESR ORI — A5 IR [u] NULL,
This function is not part of the limited API.
3.9 i Hhe

PyObject* PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
Call a method of the Python object obj with a single positional argument arg, where the name of the method
is given as a Python string object in name.

SR IG5 ARG — A5 F R (9] NULL .
This function is not part of the limited API.
3.9 HriHhe

PyObject* PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwnames)
Call a callable Python object callable. The arguments are the same as for vectorcallfunc. If callable

supports vectorcall, this directly calls the vectorcall function stored in callable.

IR IS5, AR R ORI — A5 5 9 3R [m] NULL.

This function is not part of the limited API.

3.9 Hrh Tk
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PyObject* PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, Py-
Object *kwdict)
Call callable with positional arguments passed exactly as in the vectorcall protocol, but with keyword arguments

passed as a dictionary kwdict. The args array contains only the positional arguments.

Regardless of which protocol is used internally, a conversion of arguments needs to be done. Therefore, this
function should only be used if the caller already has a dictionary ready to use for the keyword arguments, but
not a tuple for the positional arguments.

This function is not part of the limited API.
3.9 FrihfE.

PyObject* PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, Py-
Object *kwnames)
Call a method using the vectorcall calling convention. The name of the method is given as a Python string
name. The object whose method is called is args/0], and the args array starting at args[I] represents the
arguments of the call. There must be at least one positional argument. nargsf is the number of positional
arguments including args/0], plus PY_VECTORCALL_ARGUMENTS_OFFSET if the value of args[0]
may temporarily be changed. Keyword arguments can be passed just like in PyOb ject_Vectorcall ().

If the object has the Py TPFLAGS_METHOD_DESCRIPTOR feature, this will call the unbound method
object with the full args vector as arguments.

SIS IR R EESR AE SRR HE — > F & 1] NULL .
This function is not part of the limited API.

3.9 BRI HE.

7.2.4 Call Support API

int PyCallable_Check (PyObject *0)
Determine if the object o is callable. Return 1 if the object is callable and 0 otherwise. This function always
succeeds.

7.3 #Fhil

int PyNumber_Check (PyObject *0)
SRR o RAECF AL, IRIFIEL 1, AR MR . XA RS SR R I

e 3.8 BUHE: U1K 0 22— KRG IHEBR ] 1.

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. IR 7] ol . o2 #NNAIZER , AR LIM, 1R\ NULL. 24T Python Fik=
ol + 02,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. 12[7] ol I8 7= 02 WIZEE, WL LM, 12[H] NULL., Z84)F Python k=
ol - 02,

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . 02 FHIEMILER:, IR LM, 1&[H] NULL, 24T Python k=

ol * 02,

PyObject* PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. i&10] ol . 02 fOEMFIFIERIZET, WKL, 1R NULL. Z84T Python
FiaX ol @ o2,

3.5 B fE.
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PyObject* PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12 [0 ol DA 02 W] FECE G455, RN, 1&[H NULL. 46T
ARG WEEEIRYE .

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 1&[0] ol DA 02 HI— PSRRI IELME, TR LM, &M NULL, Z558 2
LY, P OAy i O — AU, ANRTRERA 2 S ERHORFR I S8 XA~ eR BOR Il 4
BB RS B 77 S8

PyObject* PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol VA 02 53| HI4%, &N, iR\ NULL, ZE4)T Python 3§
HR ol % 02,

PyObject* PyNumber_Divmod (PyObject *o0l, PyObject *02)
Return value: New reference. 7% N EHREL divmod () . NI, 1R[] NULL., %4/+T Python ik
K divmod (ol, 02).

PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 125N E K%L pow () o QIZRKN, 1R[] NULL. SE4)T Python Hii)3
B pow (01, 02, 03), HH o3 RATHLH. WIREZAME 03, WFHHE APy _None fERHE (M
RN NULL & ECARENAFI) -

PyObject* PyNumber_Negative (PyObject *o)
Return value: New reference. 1&[7] o BIT{E, WKL, iR[F] NULL . 4+ Python Fikx -o.

PyObject* PyNumber_Positive (PyObject *0)
Return value: New reference. 12[A] o, {NHJN, 1R[] NULL . 4T Python 3£ik= +o.

PyObject* PyNumber_Absolute (PyObject *o)
Return value: New reference. 12 [0] o FZEXHE, TSR, IR\ NULL. 254+ F Python ik abs (o) »

PyObject* PyNumber_Invert (PyObject *0)
Return value: New reference. 1210] o WA JE OSSR, IR RN, R[] NULL, %] Python 3%
B ~o,

PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. IR [0 ol /2F% 02 A~ FUAF GHISE S, TSR, R 9] NULL., Z84T Python
Fik ol << 02,

PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. 1218] ol 15%% 02 A~ WG IZE R, WIERSRK, 128 NULL . 44 Python
kK ol >> 02,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol #1102 “$#{75” M455, WL, 1&[H NULL . 24T Python
kK ol & 02,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. 28] ol Fl 02 “¥{iRBl” WIGSHE, R LK, & NULL . ZH0NT
Python ik o1 ~ 02,

PyObject* PyNumber_Or (PyObject *ol, PyObject *02)
Return value: New reference. 12|8] ol Fl 02 “¥fiol” RYZER, WK, #x[6] NULL . 84T Python
FiEHK ol | o2,

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. &[5 ol . 02 MINMEER, WIR LN, &[E NULL. 24 ol ZFrmf, X4
BEHEWHEMFSR . ST Python 4] o1 += o2.

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol . 02 FHIRIIEG S, IS, IRE] NULL . 24 ol SR, XA
R EEMHEMESR . ST Python 4] o1 -= o2.

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. JR[0] ol . o2* faFe a4t R, 4o R kM, B8 ‘NULLC, % *ol SZFri}, X
BB SR, ST Python 4] o1 *= 02,
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PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol . o2 R GINEER, BN, 1R[E NULL . 24 o
W, X EEEREH e 0T Python if4] o1 @= o2.

3.5 B fE.

PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol DA 02 J51) FEUE I ZE R, A0k, JRF] NULL, 4 ol #F
B, XA EEEH E MR 0T Python i54] ol //= o2.

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 3111 ol [x0A 02 B— M EBRAYITAME, QIR , &M NULL, 55020
LAY, P Ay i O — UM, ASATRERA 2 S BRHORFOR I S8l XA~ R B0R Il 94
RERFOHBRAFBIMF S 2 o SCHFIY, XA IBH HEAM ) B i ras

PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)

Return value: New reference. 321 ol [&PA 02 153|435, TR R, 1&[H NULL. 24 ol 3N, X
M2 HHEMH MR . SMT Python iF4] ol %= o2,

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 1§ Z:[# N BB pow () « WERAKM, IR NULL. 24 of SCHFI, XAz
HHBEMNEMFEIR. 24 o3 2Py _None i}, (T Python iff] ol **= o2; HMFEMTHE
KALEMAFLTRE) pow (01, 02, 03) o WIREZM 03, WMFHE APy _None (f£A NULL &35
FEENAEVT) .

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 [8] ol /5% 02 AN HAFIGIISE S, WRKIM, 1R[F] NULL. 24 of ¥R},
X BEREEEMEMEFER. 0T Python ifH] o1 <<= o2,

PyObject* PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 8] ol 5% 02 AN HAFR G IS, WL, IR F] NULL. 24 ol ¥R},
AEEEEE A EAEELR . SN T Python if4] o1 >>= o2,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. IR ] ol K1 027 ¥ 57 4%, JeMMEHR ] NULL. fF of 32309
HIE FIZBAER B idT. 840 5 Python i541] ol &= o2,

PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. J{INFIRIE] ol F1 02 ” $fi Feal 45 R, KRIMBHR[E NULL. 7E ol XHF
IR NIRRT RaeAT. S5 Python ifih] o1 ~= o2,

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. W R [E] ol 1 02 7 #AVEY” FILES., RMGETR Bl NULL, 7F ol SZ35HY
HIPE FIZBAERF B3 AT, 84T Python 4] ol |= o2,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. JWIHB}IR M o B BT G045 5, RIMER M NULL. 4T
Python A= int (o)

PyObject* PyNumber_Float (PyObject *0)
Return value: New reference. I HFIR A o B M iF ST E G 4S5, RIMBHR [E] NULL. 24T
Python F3Ax, float (o) .

PyObject* PyNumber_Index (PyObject *0)
Return value: New reference. IR [ o #4864 Python int 258 J5 A0 455, 2R A NULL H5| &

TypeError 5% .

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. 112 M| 355 n #5414 DA base “H BB F ARG IZE R . XA base S5
g2, 8, 1083 16 . XTEE2, 8, 816, REWFAFEFE AN EEHARH 'ob', "007,
or '0x', QI n A2 Python H ¥ REES int 88, whICH PyNumber Tndex () FFE AR MUREEIE
A,

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
MR 0 2 — MBS B ARRERL, IR [E] o B4 il—A> Py_ssize _t (AW IIER . WP RN, &
[l -1 H5 R R
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WR o AT AR A4 A Python int ZEAYH 22 { 40k Py_ssize_t (HM 25| % OverflowError, iXH}
exc ZECHEHE | R FHELEM (B 2 IndexError B OverflowError), IR exc 2 NULL, I
S A R BAE PR N A PY_SSTZE_T_MIN B(IE#%{ PY_SSIZE_T_MAX.

int PyIndex_Check (PyObject *0)

W 02— DERFIEE (f74 nb_index i B IFA tp_as_number IHAHH) MERE 1, 75 0ER[E] O .
A ERBON S 2

7.4 FRHIY

int PySequence_Check (PyObject *0)
WARXT R F AL, REGRE] 1, FWHERE 0. HHEERNAA __getitem__ () FIEM
Python ik 1, BRIFEATE dict BT, PRNMTE—NE LT TCIARE BRI C R R, ek
SRR INIT .
Py_ssize_t PySequence_Size (PyObject *o)
Py_ssize_t PySequence_Length (PyObject *o)
FIP AR B P o RS RAVECE, RIGINNRIE -1 3XAH24 T Python A3 len (o) .
PyObject* PySequence_Concat (PyObject *ol, PyObject *02)

Return value: New reference. INEIHHR[A ol 1 02 HIPFHE, KIMAIRF] NULL, XZ4)T Python FEik
K ol + 02,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)

Return value: New reference. &[] ¥ X% 0o I count IR ILE R, MR Ml NULL., XM T
Python A 0 * count.

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. JNINIFIR ] ol F1 02 WBHFEE, KILAFIR Al NULL, fF o ZERHR LT
{45 RALSEH. K0T Python Rkt ol += o2.

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Return the result of repeating sequence object 3 [ FH X 4 0 B count 1K
MIZESRL, RIGETIRIE] NULL. 7F o LR L iR E S Bt e, X% M T Python £ikx o *=

count,

PyObject* PySequence_GetItem (PyObject *o, Py_ssize_t i)
Return value: New reference. &[0 o A5 i S I08, JeM IR Al NULL, X &E4)T Python iRz
o[il.

PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2)
Return value: New reference. &[0 J 74 %5 o 0 il 5 i2 BY1 -, RIEHFIR [B] NULL, 3XZ&4yT Python
ik oli1:12],

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
FEXR v RIES o 55 i SoTR . RN ST IR E] -1; B R M 0. X AH24 T Python i
Floli] = vo MR REUEX v G .
W v o NULL, JCERFEOMER, ERIEEESEEH, W4 PySequence_DelTtem (),

int PySequence_DelItem (PyObject *o, Py_ssize_ti)
MHERRXT SR 0 HO5E i 5o . RIEHFRE] -1. JXAH24 T Python ifif) del of[i].
int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
RIS v IAEZE TP A5 o B il B 2 Y]y o XA T Python i) o[11:12] = v

int PySequence_DelSlice (PyObject *o, Py_ssize_til, Py_ssize_t i2)
BRI S5 0 WIM il B 2 BYI o RIGERE] —1, XA 24T Python i54] del o[il:i2],

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
W& [E] value 1 o I FLAY KL, BRI o [key] == value HYBEMEE. KRMIN IR -1, X
FH24F Python F3E5 0. count (value),
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int PySequence_Contains (PyObject *o, PyObject *value)
W€ o R value. AR o HHYIE—TASET value, WIRIE 1, FHWGRIE 0. HFEH, B&E -1,
X AH Y4 F Python A value in o,

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
REIZE—ANEG] *#i*, o [i] == value. 45, IR\ “-17 . #H24TF Python [1 “o.index(value)“ZE
PyObject* PySequence_List (PyObject *0)
Return value: New reference. iR [W|— A5 FXI5, HNE S FH SRS o MIF], SRz [0]
NULL. 3R [m 5 R PRIUER — DR 4. XM T Python #iks{ 1ist (o),

PyObject* PySequence_Tuple (PyObject *0)
Return value: New reference. JR [l —ATeHXIR, H AR5 FHI SRS o MR, J WS iz (0]
NULL. #I5R o g, WP Bl —ASHr a5 11, FEHARSE B0 MR 6 & 4 N A M — o4l X
ZE4T Python k2 tuple (o) o

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Y75\ 88 [ 1R 2 o VE-hHoAh PySequence_Fast* BREZR] 1%}
SR WRZXS R RF AN AT RS, W5 % TypeError 45 m VERIEESCA . KM}

iR [A] NULL,

PySequence_Fast* MR Z T AX a4, @H HENXRE o &—NPyTupleObject
B PyListObject FHIEVN o MEHRFEL.
18 CPython [SEELANTT, 414 o DA R —NTPHIESFR, BRI E RN,

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
Tt o PySequence Fast () iRIA H o Ry NULL (5 5L Nk Bl o K E . WA LAEETE o L
HPySequence_Size () KRB K/, (HiEPySequence Fast_GET _SIZE () #EHE R, H-HN
B AMRGE o HFFRETT4 .

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference. IF. o fjPySequence_Fast () i&[E H o /~ NULL, # H. id fER5|
JEFE N AIEOL TR ] o Y56 i 5 In R .

PyObject** PySequence_Fast_ITEMS (PyObject *0)
& [H] PyObject fa5HIJZ 44 . (RiX o thPySequence Fast () #&[H H o AN NULL,

TEYER, QRS FRIAEE RIS, T L PT RE 2 B33 (7 items 2520, R I, ANFE )P40 ok BBl i H R ¢
Hh il AR AR T

PyObject* PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value: New reference. 1 B o % i 4 JC & 8 #£ 2 W F & M) NULL., I & =
lpySequence_GetTtem () PR, (HARSKT o FHjPySequence_Check () 21 NEH, W
RNER 5 AT .

7.5 BRGHHIY

ZPyObject_GetItem()., PyObject_SetItem() 5PyObject_DelItem().

int PyMapping_Check (PyObject *0)
TSR GARPEM S SR R ] 1, ABGRIE 0. HEEERNAA __getitem () Jf
V1) Python B3R 0] 1, PUNAE— MO0 T ToVARA & B I ORI R AL KB e & AT
Py_ssize_t PyMapping_Size (PyObject *0)
Py_ssize_t PyMapping_Length (PyObject *0)
IR IR o FrEEECE: , IR -1, 33X AH24 T Python k5 len (o) .

PyObject* PyMapping_GetItemString (PyObject *o, const char *key)

Return value: New reference. 1R [0] o W6 B T F 475 key WICE, B0E KRIGHHR B NULL, XAHYST
Python A= o [key]. HiES L also PyObject_GetItem().
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int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
TEXR o PR FFHR key WUFENE ve RN IR[E] -1, jXAH24 T Python ifif] o [key] = v. 737
ZWPyobject_sSetItem(). WEREL RAHIMXT v 5.

int PyMapping_DelItem (PyObject *o, PyObject *key)
MR o R BRI R key RUMLGT. AR ] -1, X AH 24 T Python i) del olkeyl. X

EPyobject_DelIltem() H— % .

int PyMapping_DelItemString (PyObject *o, const char *key)
MAIGE o PREERTFAFER key BB . RIMRIE] -1, XA F Python if4] del o[key].

int PyMapping_HasKey (PyObject *o, PyObject *key)
TSRS G B S key WIAR[E] 1, FNR[E 0. JXAH24T Python Fik key in o. ILHRELER
EL AL/
HEREAAEWN _getitem () JyvE A A& AR S R S W M. R IBURE % 4 A T 2

HPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
WERW S G A A B key WRIE 1, MR 00 JXAH24T Python Kk key in o. MEKEER
EL AL/

WIEBET N _getitem () J7 &I IA) B A2 0 5 0 RF & 0B M. AR BURE DR 4 5 K

H PyMapping GetItemString ().

PyObject* PyMapping_Keys (PyObject *0)
Return value: New reference. I}, 1R[EIXTE o HRJEMIFFE. JEEt, 1R\ NULL.

1E 3.7 BOEE: FEZ IRA T, ek Bk o] — 2R 8ol .

PyObject* PyMapping_Values (PyObject *o)
Return value: New reference. {3}, 1R[FXFER o FHMEMIFFE. JIEH, 1R\ NULL,

TE 3.7 BOEE: FEZ BIRAH, SRR R [ — 31 R socdl.

PyObject* PyMapping_Items (PyObject *o)
Return value: New reference. IR, IRIEX5 o 4 HWHFR, KN H & BAEXT T
JCAH . R, 3R [E NULL,

TE 3.7 R R FEZ BRAH, BEeR ok [ — a1 R sl

7.6 EREE I

B PR
int PyIter_Check (PyObject *0)
&[] true , HIARXIGR o SAFIEALFBAIE
PyObject* PyIter_Next (PyObject *o)
Return value: New reference. &[0 A o I F—/AME. X F2— A8 (XN HEHE5kH

Wr) o WEREA A IRE, NERE NULL H BN E R . WERAEREUE I & T4, R [H
NULL Jf B8 75 .

FOREREGERME — A DEER, C AU NA%E R,

PyObject *iterator = PyObject_GetIter (obj);
PyObject *item;

if (iterator == NULL) {
/* propagate error */

}

while ((item = PyIter_Next (iterator))) {
/* do something with item */

Q)
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/* release reference when done */
Py_DECREF (item) ;
I3

Py_DECREF (iterator);

if (PyErr_Occurred()) {
/* propagate error */
}
else {
/* continue doing useful work */

}

7.7 il

1£ Python H AT {i F — 265 52 ok A0 % XIS 2 WAL 5K % P B9 ). LR XT RGN E K bytes il
bytearray PAM—4l] array.array XFERIY BT, 8 = F FEWMATRES A THRERR H T & LB
TTEHCRIZERL B T EAR A PR 0 HT 25

IR IT Y — R H CROTE C, (BENTRA t ] RERCR A A i IX SRR L FRHIE . 7R
SEREOLT, A B BT M G X T o RE H RN

Python PAZZ 7 #ri BFEAAE C JZ P HARIEXFER hRE . BL P EL 384T T

o TEAPEE I, BRI AT —A ‘XKD, RFATFERIRZEZMIXER.
Z P ORI E B AEBuffer Object Structures —i /15

o TEHSRE—M, A JURN A TSR 10 R 0 R R R = R e g (BIan—AIrikmies) .«

— LR RBIAN bytes fl bytearray DA P ATTENMIRZEZ P IX . Ml GES i
x5 Bt array.array FradFocE I AR Z 1Y (H.

SR KB VRIS B B — ) T2 SCPERF 40 write () J7vE: AT Al DA g — R 50 7 A Xk 4 al
PABEE AL 2RI write () TR AR ERTEAM G AR, HAMK 7%, W readinto () 7
RSBHNER G AR G X H 1 SRR R 0] PARERE M A v sl 5 5 U B8 X A e 1

YT RE AT S, AR ZORREC—A B iR 5 ot
s A IEFMSECRIEM Pyobject_GetBuffer () %L
s W PyArg ParseTuple () (BHFIFIFHZ —) HALEA y*, wr or s* 44 X KA F—A,

TEXHAPIE S, YABEEEM XN PyBuffer Release () . WIRMEEMERK, WiESS:
BRI, BT .

7.71 ZRHRX L

Genh X G (0 A HFR S “buffers” ) K¢ IR 7 — ARG A TT 45 Python F21¥ AR A I -
EATERTARAEZSE VIR BLE] . SERIENTS ] NAFRIRE ST, W] AR Dy MU RHAT A K8l 22 45 Python
TP 5. WAFAT AR C 9 R I — KA H EACH, AT DARTEAL 18 2 8 R G 2 w1 T AR 5 in
WAFBR, B AT DA R AL BB AL A A A 2 A Bl

55 Python f@REs A TR Z B R AU, b X2 PyOb ject $REFMIE R B C 454 X HFE
I PAAREH fay SR BB AN M . U2 Zenh X Bz RGeS, W AR —AS ) AL XER.

HRUMT B H FhXF R REEUH, WS % R 24 i, BRREPRNTZR, §5
RlPyObject_GetBuffer ().,

Py_buffer
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void *buf
F6 1) H 22 vp X P Bl 1 2 B g5 A TR I 384 . X AT DA S R 17 IS 2 9 B DN A B v ) AT 4]
. BN, RN st rides (HATREHE I AR «

X Fcontiguous , AR Hed, {EAS WALk .
void *obj

XSS . RS HIEME A& B, HfliPyBurfer Release () HEBMIFRE
A NULL. % 7B FARaArifE C-APL R &I [0 {H

VER—FFERIE N, STl PyMemoryView FromBuffer () B{PyBuffer FillInfo ()
B[ temporary GEPIX, MF B NULL, @#, SHXTRAEM I TZE.

Py_ssize_t 1len
product (shape) * itemsize. X} TIELEENA, XERMNFHRMKE. TIEESEE
H, WARBEEEWE RTINS, WK EFEAZKE.
24 2 v DX 2 38 2o PRI 7% 22 M I SR AR B, A U5 ) ((char *)buf) [0] up to

((char *)buf) [len-1] B AH K. FERZEEH T, WKWK hpyBUF_sIMPLE
B PyBUF_WRITABLE,

int readonly
IR R e R e . W Bt PyBUF _WRITABLE FRiidsiil.

Py_ssize_t itemsize
BATCEMITR/N (PAFEFTNEANL) . 5 struct.calesize () PWHIE NULL format FIEA
Ei
HELFIA: A0SR E A R G o X H PyBUF_FORMAT ¥Rk, format ¥§i% #>h NULL,
{Hitemsize {J5HA FIAHAIE.

W shape {775, W) product (shape) * itemsize == len{BRAFFE, fIHHE ]
PAE 1 temsize R FHEMHIX

R shape & NULL, KN4 R NPyBUF_SIMPLE B\ PyBUF _WRITABLE T3k, WH & s
ZAMgitemsize, R itemsize == 1,

const char *format
1E struct BRI NUL 47, b AR N 2s . (R 2 NULL, NfEE K "B

[

(57 -
W Bt PyBUF_FORMAT FrBda il

int ndim
The number of dimensions the memory represents as an n-dimensional array. If it is 0, buf points to a
single item representing a scalar. In this case, shape, st rides and suboffsets MUST be NULL.

The macro PyBUF_MAX_NDIM limits the maximum number of dimensions to 64. Exporters
MUST respect this limit, consumers of multi-dimensional buffers SHOULD be able to handle up to
PyBUF_MAX_NDIM dimensions.

Py_ssize_t *shape
Anarray of Py_ssize_t of length ndimindicating the shape of the memory as an n-dimensional array.
Note that shape [0] * ... * shape[ndim-1] * itemsize MUST beequal to Ien.

Shape FEARENA H I (E B PR € FE shape [n] >= 0, shape[n] == 0 X —{HET 24 M
. BL(EBiEZEcomplex arrays .
shape F2H X100 F & R i H e .

Py_ssize_t *strides

An array of Py_ssize_t of length ndim giving the number of bytes to skip to get to a new element
in each dimension.

Stride P WRECA H AO(E AT DUAAR MRS . XTI, AP IEa e AL, (HE 0 & Ui fE
B strides [n] <= 0 PEN . BEE2EBIES Wcomplex arrays o

strides ZZH X H Pk a2 Ry
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Py_ssize_t *suboffsets
An array of Py_ssize_t of length ndim. If suboffsets[n] >= 0, the values stored along the
nth dimension are pointers and the suboffset value dictates how many bytes to add to each pointer after
de-referencing. A suboffset value that is negative indicates that no de-referencing should occur (striding
in a contiguous memory block).

If all suboffsets are negative (i.e. no de-referencing is needed), then this field must be NULL (the default
value).

Python Imaging Library (PIL) H i Fl T X Fp2R BB £ IR . S Hcomplex arrays & T fif
I A FE— R T R ICER
suboffsets F 2 %8 I & K ihi 2 H B .
void ¥*internal
This is for use internally by the exporting object. For example, this might be re-cast as an integer by the

exporter and used to store flags about whether or not the shape, strides, and suboffsets arrays must be
freed when the buffer is released. The consumer MUST NOT alter this value.

7.7.2 Buffer request types

Buffers are usually obtained by sending a buffer request to an exporting object via PyObject_GetBuffer ().
Since the complexity of the logical structure of the memory can vary drastically, the consumer uses the flags argument
to specify the exact buffer type it can handle.

All Py_buf fer fields are unambiguously defined by the request type.

request-independent fields

The following fields are not influenced by flags and must always be filled in with the correct values: ob j, buf, len,
itemsize, ndim.

R, #X

PyBUF_WRITABLE
Controls the readonly field. If set, the exporter MUST provide a writable buffer or else report
failure. Otherwise, the exporter MAY provide either a read-only or writable buffer, but the choice
MUST be consistent for all consumers.

PyBUF_FORMAT
Controls the format field. If set, this field MUST be filled in correctly. Otherwise, this field
MUST be NULL.

PyBUF_WRITABLE can be I'd to any of the flags in the next section. Since PyBUF _SIMPLE is defined as 0,
PyBUF_WRITABLE can be used as a stand-alone flag to request a simple writable buffer.

PyBUF_FORMAT can be I'd to any of the flags except PyBUF_SIMPLE. The latter already implies format B (un-
signed bytes).
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AR, HiE FRBE

The flags that control the logical structure of the memory are listed in decreasing order of complexity. Note that each
flag contains all bits of the flags below it.

LES k| SR | ThRbE
PyBUF_INDIRECT = = UNR T A I
PyBUF_STRIDES = = NULL
PyBUF_ND 7o NULL | NULL
PyBUF_SIMPLE NULL | NULL | NULL

ELEMRIER

C or Fortran contiguity can be explicitly requested, with and without stride information. Without stride information,
the buffer must be C-contiguous.

LES k| 5B | TRBE | B8
PyBUF_C_CONTIGUOUS & | NULL C
PyBUF_F_CONTIGUOUS Z | R NULL | F
PyBUF_ANY_CONTIGUOUS | NULL CH F
PyBUF_ND = [ NULL | NULL .

BE&EK
A TR SRR by AR A B e e S N TR I, Zenh KSR IE R A AR
AR

In the following table U stands for undefined -contiguity. The consumer would have to call
PyBuffer IsContiguous () todetermine contiguity.
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EK K | iR | FIRBE B | Hi | %X
PyBUF_FULL | 2 WRFERIE | U 0 =}
PyBUF_FULL_RO = | WARFTEMI | U | 1500 | &2
PyBUF_RECORDS = | NULL U |0 2
PyBUF_RECORDS_RO =R NULL U 150 |2
PyBUF_STRIDED | e NULL U 0 NULL
PyBUF_STRIDED_RO =R NULL U 15{0 [ NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C 15 0 | NULL

7.7.3 SZ2EA

NumPy-Ri#&: F2ARF0L1E

The logical structure of NumPy-style arrays is defined by i temsize, ndim, shape and strides.

If ndim == 0, the memory location pointed to by bu £ is interpreted as a scalar of size i temsize. In that case,

both shape and st rides are NULL.

If strides is NULL, the array is interpreted as a standard n-dimensional C-array. Otherwise, the consumer must
access an n-dimensional array as follows:

ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];
item = * ((typeof (item) *)ptr);

As noted above, bu f can point to any location within the actual memory block. An exporter can check the validity
of a buffer with this function:

def verify_structure (memlen, itemsize, ndim, shape, strides, offset):
"""Verify that the parameters represent a valid array within
the bounds of the allocated memory:
char *mem: start of the physical memory block
memlen: length of the physical memory block
offset: (char *)buf - mem
mrrn
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any (v % itemsize for v in strides):
return False

if ndim <= 0:

return ndim == 0 and not shape and not strides
if 0 in shape:

return True

CF o gksr)
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(& b))
imin = sum(strides[j]* (shape[j]-1) for j in range (ndim)
if strides[j] <= 0)
imax = sum(strides[j]* (shape[j]l-1) for j in range (ndim)

if strides[j] > 0)

return 0 <= offset+imin and offset+imax+itemsize <= memlen

PIL-R#E: ek, SIRIIFRBE

In addition to the regular items, PIL-style arrays can contain pointers that must be followed in order to get to the
next element in a dimension. For example, the regular three-dimensional C-array char v [2] [2] [3] can also be
viewed as an array of 2 pointers to 2 two-dimensional arrays: char (*v[2]) [2] [3]. In suboffsets representa-
tion, those two pointers can be embedded at the start of buf, pointing to two char x[2] [3] arrays that can be
located anywhere in memory.

Here is a function that returns a pointer to the element in an N-D array pointed to by an N-dimensional index when
there are both non-NULL strides and suboffsets:

void *get_item_pointer (int ndim, wvoid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

char *pointer = (char*)buf;
int i;
for (i = 0; i < ndim; i++) |

pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = * ((char**)pointer) + suboffsets[i];

}

return (void*)pointer;

7.74 ZHXHEXEL

int PyObject_CheckBuffer (PyObject *obj)
Return 1 if obj supports the buffer interface otherwise 0. When 1 is returned, it doesn’t guarantee that
PyObject_GetBuffer () will succeed. This function always succeeds.

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
Send a request to exporter to fill in view as specified by flags. If the exporter cannot provide a buffer of the
exact type, it MUST raise PyExc_BufferError, set view—>obj to NULL and return —1.

On success, fill in view, set view—>0b7j to a new reference to exporter and return 0. In the case of chained
buffer providers that redirect requests to a single object, view—>0obj MAY refer to this object instead of
exporter (See Buffer Object Structures).

Successful calls to PyObject_GetBuffer () must be paired with calls to PyBuffer Release (),
similar to malloc () and free(). Thus, after the consumer is done with the buffer,
PyBuffer Release () must be called exactly once.

void PyBuffer_ Release (Py_buffer *view)
Release the buffer view and decrement the reference count for view—>obj. This function MUST be called
when the buffer is no longer being used, otherwise reference leaks may occur.

It is an error to call this function on a buffer that was not obtained via PyObject_GetBuffer ().

Py_ssize_t PyBuffer_ SizeFromFormat (const char *format)
Return the implied i temsize from format. On error, raise an exception and return -1.

3.9 B fE.

74 Chapter 7. #HiI&RHRE




The Python/C API, %% 3.9.1

int PyBuffer_IsContiguous (Py_buffer *view, char order)
Return 1 if the memory defined by the view is C-style (orderis ' C ") or Fortran-style (orderis 'F ') contiguous
or either one (order is ' A"). Return 0 otherwise. This function always succeeds.

void* PyBuffer_GetPointer (Py_buffer *view, Py_ssize_t *indices)
Get the memory area pointed to by the indices inside the given view. indices must point to an array of
view—->ndim indices.

int PyBuffer_FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
Copy contiguous len bytes from buf to view. fort canbe 'C' or 'F' (for C-style or Fortran-style ordering).
0 is returned on success, —1 on error.

int PyBuffer_ ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
Copy len bytes from src to its contiguous representation in buf. order canbe 'C' or 'F' or 'A"' (for C-style
or Fortran-style ordering or either one). 0 is returned on success, —1 on error.

UL len = sre->len W) bR BCRFAR S

void PyBuffer_FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides,

int itemsize, char order)
Fill the strides array with byte-strides of a contiguous (C-style if order is ' C' or Fortran-style if order is 'F ')

array of the given shape with the given number of bytes per element.

int PyBuffer_FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly,

int flags)
Handle buffer requests for an exporter that wants to expose buf of size len with writability set according to

readonly. buf is interpreted as a sequence of unsigned bytes.

The flags argument indicates the request type. This function always fills in view as specified by flags, unless
buf has been designated as read-only and PyBUF_WRITABLE is set in flags.

On success, set view—>obj to a new reference to exporfer and return 0.  Otherwise, raise
PyExc_BufferError, set view—>0bj to NULL and return —1;

QSR B R VEgetbufferproc —35R4y, W exporter Wi & S X5, H HAABHEAR G MUIWIE O
TA&ik flags. 5N, exporter Wiz NULL,

7.8 |BZ& Y

3.0 fiUE EFER.

XL Python 2 W1 “IHZZnh 80" APT YL ARy . 7E Python 3 W, BUHMNEAEATAE, (HiX 2L
B IR AT AMEREAE 2.x BARS . ENTRRER 200 sl iR ARy, HEAMDFASESZ s
ISP T AR A X BT AR R 14 A i o 3034 A

lﬁt WHREH Pyobject_GetBuffer () (S FHB G PyArg ParseTuple () BREURMH v* o w*
e X)) SRARB— AR, HAEZ L T geRE B I PyBuf fer_Release ().

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
R[] —ANF ) o] AR TR i A SN F8 5T . obf SEUU AR R B AR R oz 11
JEENINIRIE] O, KF buffer BN AFHIIEFFRE buffer_len TGt KA E . IR ] -1 FF3E—4

TypeError,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
IR ] — A5 1) A B AR B R ) R s AR H5 5 . obj SEL SR B PR ph R . B
BP0, X buffer IR WA HLIEFF 45 buffer_len R oh XA BE. AR ] -1 H & —4
TypeErroro

int PyObject_CheckReadBuffer (PyObject *0)
AR o SCRF BB CUNR ] 1o F R[] 00 R E 2 BB AT

T VE B R B 2RO R — AN G X, I FLAETR R bR éﬂl%ﬁlﬂ?ﬁéklﬁ’]a*%%ﬁﬁﬂﬁi FR
B 445 W S 2 Fl Pyobject_GetBuffer ().
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int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
IR [l — AR A N FFHBIE SR obj SR BB P AT Zem e 1 o IR ] O, KF bugfer ¥H
WAFHIIE R buffer_len R Geoh KK BE . SR ] -1 IF % &4~ TypeError,
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A P 1 R BURR E T 28 Python X2, BRI S A EA AR — N B WREMN
Python FEJF AL E|— T4, (BAHE T B EHA IEFAEAL, M Se AT RA0 A Bilhn, 2K
TR G NTFH, A PyDict _Check (). AREMLEFIZAT Python XM “FKigh .

B BARARTPAR RS P A AL AR R RAL, (R H P VFL B A B AR R IE
34 NULL, FRiffE A NULL A B8 SN AT ) S RIS A S B 28 1

8.1 BEAMR

Atk Python ZERUNS A FA—SLBIN 4t 5 None.

8.1.1 Type &

PyTypeObject
WG C 4544 H T4A built-in 2854,
PyObject* PyType_Type
ST type X419 type object, ‘E7E Python JEA Al type AHIFIIHE.,

int PyType_Check (PyObject *0)
WERXSR 0 R—DRAN G, WIHFAPRK TARERBS RGBS, RIFHEE. FEHEAEILT
&m0,

int PyType_CheckExact (PyObject *o)
Return non-zero if the object o is a type object, but not a subtype of the standard type object. Return O in all
other cases.

unsigned int PyType_ClearCache ()
Clear the internal lookup cache. Return the current version tag.

unsigned long PyType_GetFlags (PyTypeObject* type)
Return the tp_ f1ags member of type. This function is primarily meant for use with Py_LIMITED_API; the
individual flag bits are guaranteed to be stable across Python releases, but access to tp_ flags itself is not
part of the limited APL.
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3.2 FrihsE.
JE 3.4 R AL The return type is now unsigned long rather than long.

void PyType_Modified (PyTypeObject *type)
Invalidate the internal lookup cache for the type and all of its subtypes. This function must be called after any
manual modification of the attributes or base classes of the type.

int PyType_HasFeature (PyTypeObject *o, int feature)
Return non-zero if the type object o sets the feature feature. Type features are denoted by single bit flags.

int PyType_IS_GC (PyTypeObject *0)
Return true if the type object includes support for the cycle detector; this tests the type flag
Py TPFLAGS_HAVE_ GC.

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Return true if a is a subtype of b.

This function only checks for actual subtypes, which means that __subclasscheck__ () is not called on
b. Call PyObject_TIsSubclass () todo the same check that issubclass () would do.

PyObject* PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. Generic handler for the tp_alloc slot of a type object. Use Python’s default
memory allocation mechanism to allocate a new instance and initialize all its contents to NULL.

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. Generic handler for the tp_new slot of a type object. Create a new instance
using the type’s tp_alloc slot.

int PyType_Ready (PyTypeObject *type)
Finalize a type object. This should be called on all type objects to finish their initialization. This function is
responsible for adding inherited slots from a type’s base class. Return 0 on success, or return —1 and sets an
exception on error.

void* PyType_GetSlot (PyTypeObject *type, int slot)
Return the function pointer stored in the given slot. If the result is NULL, this indicates that either the slot is
NULL, or that the function was called with invalid parameters. Callers will typically cast the result pointer into
the appropriate function type.

See PyType_Slot.slot for possible values of the slor argument.
An exception is raised if fype is not a heap type.
3.4 e

PyObject* PyType_GetModule (PyTypeObject *type)
Return the module object associated with the given type when the type was created using
PyType_FromModuleAndSpec ().

If no module is associated with the given type, sets TypeError and returns NULL.

This function is usually used to get the module in which a method is defined. Note that in such a method,
PyType_GetModule (Py_TYPE (self)) may not return the intended result. Py_TYPE (self) may
be a subclass of the intended class, and subclasses are not necessarily defined in the same module as their
superclass. See PyCMethod to get the class that defines the method.

3.9 B .

void* PyType_GetModuleState (PyTypeObject *type)
Return the state of the module object associated with the given type. This is a shortcut for calling
PyModule_GetState () ontheresult of PyType_ GetModule ().

If no module is associated with the given type, sets TypeError and returns NULL.

If the trype has an associated module but its state is NULL, returns NULL without setting an exception.

3.9 B fE.
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Creating Heap-Allocated Types

The following functions and structs are used to create heap types.

PyObject* PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
Return  value: ~ New reference. Creates and returns a heap type object from the spec
(Py_TPFLAGS_ HEAPTYPE).

If bases is a tuple, the created heap type contains all types contained in it as base types.

If bases is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead.
If that also is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must be a module
object or NULL. If not NULL, the module is associated with the new type and can later be retreived with
PyType_GetModule (). The associated module is not inherited by subclasses; it must be specified for
each class individually.

This function calls Py Type_Ready () on the new type.
3.9 FriIfE.

PyObject* PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
Return value: New reference. Equivalent to PyType_FromModuleAndSpec (NULL, spec, bases).

3.3 B fie.

PyObject* PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. Equivalent to PyType_FromSpecWithBases (spec, NULL).

PyType_Spec
Structure defining a type’s behavior.

const char* PyType_Spec .name
Name of the type, used to set Py TypeObject . tp_name.

int PyType_Spec.basicsize

int PyType_Spec.itemsize
Size of the instance in bytes, used to set Py TypeObject.tp_basicsize and PyTypeObject.
tp_itemsize.

int PyType_Spec. flags
Type flags, used to set PyTypeObject.tp_flags.

If the Py_TPFLAGS_HEAPTYPE flag is not set, Py Type_FromSpecWithBases () sets it auto-
matically.

PyType_Slot *PyType_Spec.slots
Array of Py Type_S1ot structures. Terminated by the special slot value {0, NULL}.

PyType_Slot
Structure defining optional functionality of a type, containing a slot ID and a value pointer.

int PyType_Slot.slot
A slot ID.

Slot IDs are named like the field names of the structures PyTypeObject,
PyNumberMethods, PySequenceMethods, PyMappingMethods and
PyAsyncMethods with an added Py__ prefix. For example, use:

* Py _tp_dealloctoset PyTypeObject.tp _dealloc
* Py_nb_addtoset PyNumberMethods.nb_add
* Py_sqg_lengthtoset PySequenceMethods.sq_length

The following fields cannot be set at all using Py Type_Spec and PyType_Slot:
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s tp _dict

* tp_mro

* tp_cache

* tp_subclasses

* tp weaklist

* tp_vectorcall

* tp_weaklistoffset (see PyMemberDef)

e tp_dictoffset (see PyMemberDef)

* tp_vectorcall_offset (see PyMemberDef)

The following fields cannot be set using Py Type_ Specand Py Type_ S1ot under the limited
APIL:

* bf _getbuffer
* bf releasebuffer

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid
issues, use the bases argument of PyType_FromSpecWithBases () instead.

TE 3.9 R H 2 Slots in PyBufferProcs in may be set in the unlimited API.

void *PyType_Slot .pfunc
The desired value of the slot. In most cases, this is a pointer to a function.

May not be NULL.

8.1.2 None Y&

WYERE, None Py TypeObject N HEETLE Python/ C APT 1A, HiT None 25041, MHAXTZ4RH
(FE C i == ) w2 T . mTRFEER, #4 PyNone_Check () L.

PyObject* Py_None

Python None X%, FIRGZ(H. XMMREAT L. EFEEGIEHABL AT AR .

Py_RETURN_NONE
IERfALEER B C RN Py_None i&I] (HERZYE, I None 5| HiTHE0FRMIE )

8.2 FEMR

8.2.1 ERBMR

T B ECERE ] DME B RN KBRS R RR
A, KZ 4 pyLong_As* APLIR [ (R E K A) -1, K¥ES —BOEF X0k, HHE
W PyErr_Occurred () FXK4y.

PyLongObject
FER Python BECF R Pyob ject TIHL,

PyTypeObject PyLong_Type

XAPyTypeobject HSEBIZE7R Python HREAAL, 15 Python JZ2HHY int HF.
int PyLong_Check (PyObject *p)

MRS E PyLongObject B{PyLongObject WT2A, 1&[A| true ,
int PyLong_CheckExact (PyObject *p)

MRS ZPyLongObject (HAREPyLongObject WT28A, i&[H] true,
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PyObject* PyLong_FromLong (long v)
Return value: New reference. } v & [Bl—AN#i Py LongObject N4, JMmR[H NULL .
LT SEIYES T B SEA,  -5 T 256 Z IR FTABEE S . MARFEX ASE A A
A~ int i, SCBR FARRIR) S D E AN RETI .

PyObject* PyLong_FromUnsignedLong (unsigned long v)

Return value: New reference. 1] C unsigned long ZRELRE|— N PyLongObject X4, KIK
IR ] NULL .

PyObject* PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. )\ C Py_ssize_t BHLRE— N HIPyLongObject X4, IR KN

D3R /] NULL

PyObject* PyLong_FromSize_t (size_t v)
Return value: New reference. M C size_t ik MNH I PyLongObject X4, N5 2 W N &
NULL ,

PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. ). C long long iR —HiPyLongObject X4, R IR [H] NULL

o

PyObject* PyLong_FromUnsignedLongLong (unsigned long long V)
Return value: New reference. ) C unsigned long long iR [E|—ANHiHjPyLongObject %4, 2
IR [B] NULL &

PyObject* PyLong_FromDouble (double v)

Return value: New reference. M v B3R 8]l — N PyLongObject X4, H1IR 4 )ik [5]
NULL .

PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. T31E sor F4FER{HIR Bl — PN PyLongObject , base & &E¥. W0
R pend K& NULL |, /*pend FFHg[n] str H 7R X A BOF R4 10 5 18 B 26— D F4F . WA base ;2
0, strfefdi i) integers S8 SCRFRERE TEXFRILT, *AEIF%E’J"I“IE%U@(EPE/J HSFERX5IE—1
ValueError . MR base Fig 0, BAMIAE 2 Hl 36 Z[A], (3% 2 Fl 36. FEHHIFT G A KB
ARG BN RIS . WERECA T, K51k ValueError.

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. - Unicode o7 51446~ Python B850(H .

Deprecated since version 3.3, will be removed in version 3.10: Part of the old-style Py UNICODE API,; please
migrate to using PyLong_FromUnicodeObject ().

PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. 54558 u W11 Unicode 0751554~ Python 380{H .

3.3 B fE

PyObject* PyLong_FromVoidPtr (void *p)
Return value: New reference. M\35%} p Bl @—> Python 3%, W PAFflPyLong _AsVoidPtr () iR[H
MIFaEHE -

long PyLong_AsLong (PyObject *obj)
& 18] obj 1) C long Kk . W obj N @PyLongobject BB, MM ER __index__ ()
B __int_ () H¥E (WRA) RHEE N PyLongObject o

s obj E‘Jﬁ?ﬁfiuﬂT long L[, &5k OverflowError.
KAEERBHRE -1 . [ PyErr Occurred () gl L.
TE 3.8 U AR AT PR __index_ ().

38 URCBIR: _int__ () CHGHH.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
1R[] obj ) C long Fik . W obj RidPyLongObject BYSEH], SEMAEM __index_ ()
B __int__ () ik IRA) FHF N Py LongObject .
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If the value of obj is greater than LONG_MAX or less than LONG_MIN, set *overflow to 1 or —1, respectively,
and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return —1
as usual.

KRR -1 . M PyErr Occurred () RIHE X,
AE 3.8 R I W AT HRH# A __index_ ().
38 MUEEMRR: __int__ () B

long long PyLong_AsLongLong (PyObject *obj)
Return a C 1long long representation of obj. If obj is not an instance of PyLongOb ject, first call its
__index__ () or__int__ () method (if present) to convert it to a PyLongOb ject.

Raise OverflowError if the value of obj is out of range for a 1long long.
KAGERBHRE] -1 . {fAPyErr Occurred () gl L.

T 3.8 RS AR AT PR __index_ ().

38 MURERKR: __int__ () BHH.

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or__int__ () method (if present) to convert it to a PyLongOb ject.

If the value of o0bj is greater than LLONG_MAX or less than LLONG_MIN, set *overflow to 1 or —1, respectively,
and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return —1
as usual.

KAEFERENHRR] -1 o i PyErr Occurred () HiHE L.
3.2 HiPie.

16 3.8 B AR W R __index_ ()

38 MUSC R __int__ () C¥EFA.

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
Return a C Py_ssize_t representation of pylong. pylong must be an instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range fora Py_ssize_t.
KAEFHRIRE -1 o @ PyErr Occurred () SRIHE X .

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
Return a C unsigned long representation of pylong. pylong must be an instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.
Returns (unsigned long) -1 onerror. Use PyErr._Occurred () to disambiguate.

size_t PyLong_AsSize_t (PyObject *pylong)
Return a C size_t representation of pylong. pylong must be an instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range for a size_t.
Returns (size_t) -1 onerror. Use PyErr_Occurred () to disambiguate.

unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)
Return a C unsigned long long representation of pylong. pylong must be an instance of
PyLongObject.

Raise OverflowError if the value of pylong is out of range for an unsigned long long.
Returns (unsigned long long) -1 onerror. Use PyErr_Occurred () to disambiguate.
TE 3.1 BRI A negative pylong now raises OverflowError, not TypeError.

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
Return a C unsigned long representation of obj. If obj is not an instance of PyLongObject, first call
its__index__ () or __int__ () method (if present) to convertittoa PyLongObject.
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If the value of obj is out of range for an unsigned long, return the reduction of that value modulo
ULONG_MAX + 1.

Returns (unsigned long) -1 onerror. Use PyErr. Occurred () to disambiguate.
TE 3.8 U AR W R __index__ ().
38 MUGE MK __int_ () BHFH.

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obyj)
Return a C unsigned long long representation of obj. If obj is not an instance of PyLongObject,
firstcallits __index__ () or __int__ () method (if present) to convert it to a PyLongObject.

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

Returns (unsigned long long) -1 onerror. Use PyErr Occurred () to disambiguate.
TE 3.8 U HE: AR A IRHE __index ().
38 MGEMK: __int_ () EWIFEH.

double PyLong_AsDouble (PyObject *pylong)
Return a C double representation of pylong. pylong must be an instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range for a double.
Returns —1. 0 on error. Use PyErr_ Occurred () to disambiguate.
void* PyLong_AsVoidPtr (PyObject *pylong)
Convert a Python integer pylong to a C void pointer. If pylong cannot be converted, an OverflowError

will be raised. This is only assured to produce a usable void pointer for values created with
PyLong_FromVoidPtr ().

Returns NULL on error. Use PyErr_Occurred () to disambiguate.

8.2.2 IR

Python H A /R @ VE BB TR . KA Py_False Ml Py_True Wi/R(H. L, 1IEHHY
BRI R BEAE ] TR M(E. H2, THIEA .
int PyBool_Check (PyObject *0)

IR o (ALK PyBool_Type, MR true.
PyObject* Py_False

Python ) False X REAMEMITL, BFRFEMEMXTR—FER0ET T4
PyObject* Py_True

Python [¥] True X REAIEM I, BEFREAHMIR—FERE0E5 ] T4
Py RETURN_FALSE

MEREGRIE] Py_False W, FGE84MERTIHTTAL
Py_RETURN_TRUE

MEREOR I Py_True i, FREHIMERIGIHHEL

PyObject* PyBool_FromLong (long v)
Return value: New reference. 134 v IEFR(E, 1R[FEl—4> Py_True 8{F Py_False H#H5| H-

8.2. H{EMR 83



The Python/C API, %% 3.9.1

8.2.3 FREMR

PyFloatObject
XA CEAPyobject HTIAAEK—> Python 7 %A 42 .
PyTypeObject PyFloat_Type
RENET CHRAMpyTypeobject L Python ¥ s SLH. i Python ZTHIHEA float
R[] — X4
int PyFloat_Check (PyObject *p)
L ZHoe— A C KB pyFloatobject B2 CERMPyFloatobject ) FRAMF, RI[PIH.
int PyFloat_CheckExact (PyObject *p)
Y ZHoe—A C KApyFloatobject HAR CEMPyFloatobject K TRANS, RI[PIH.

PyObject* PyFloat_FromString (PyObject *str)
Return value: New reference. NRIEFAFER sor EA#—APyFloatObject, JRMHTIR[A] NULL,

PyObject* PyFloat_FromDouble (double v)
Return value: New reference. 1R v f|f#t—APyFloatObject X4, RIKHHE[H NULL,

double PyFloat_AsDouble (PyObject *pyfloat)
iR 1] —4> C double HF pyfloar )N %5 MR pyfloar K& —> Python i s H0f R AH 2 A A
__float__ () Jiik, WITIRRFESCHR M, K pyfloar Heenli— RN E W2R __float_ ()
AR SCNFF R 2 __index (). WIRKW, BI7IAFFRE -1.0, HMIFEEH N 24
M PyErr Occurred () KKiEiz.

TE 3.8 MU e AnsR AT FRHEE ] __index__ (),

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
iR [1]—4~ pyfloat %K) C double FR, HEA HHIRKA .

PyObject* PyFloat_GetInfo (void)
Return value: New reference. & [i]—~ structseq S2f5], Hirp 40274 2% float (kS . St/ IME R B
FE. BE&LIMF float . h AR,

double PyFloat_GetMax ()
3 1] 5 R AT R AT B i3 DBL_MAX 2}y C double .

double PyFloat_GetMin ()
R 0] i/ Nl e I3 —AL 1E 37 S8 DBL_MIN 4 C double .

8.24 FHMR

M C APLE, Python IS HON G bl P AN RIS/ SE BE . — 324 Python A2 ¥ (1] 1) Python X4, 734
e MEEREERZRUER C 4k, APTEE T %t HT%:YEW%A

TREHH C &k

3 B LA X L R IV A S RO A R IR el e B, AR feid “E” A5 R Bt
MUISE 1] T #4 APL,

Py_complex
X —XF Y Python S B0 R YA C Z5H 1A . 2 AR 73 Ak PHAZ o0 5 B ek 430HT I S 2L )
SR R A B A, e TS SO

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
RIS R, ] C2EHlpy complex FR.
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Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
REIPA RN, ] CHRABPy complex KR,

Py_complex _Py_c_neg (Py_complex complex)

IR B complex W TE, B C 2By complex Fin.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
REPAEE R, B CERPy complex F£R.

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
REIPHA LR, 1 CRABPy _complex IR,
W divisor 2S5, EANTTEIRBIZEHRE errno S5 EDOM,
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
1R8] num ) exp K&, i C2EHBpy complex TN,
2R num s B exp AJRIESERL, XA iR 9 I3 E errno 24 EDOM.

REHEY Python 3%

PyComplexObject
XA~ CRAMPpyobject [FRAUM L4 Python ZEHRIR .

PyTypeObject PyComplex_Type
KR NET C KM Py Typeobject HIHFE Python SERA A SLH . FI Python JZTHIF 2 complex
e[l — A5,

int PyComplex_Check (PyObject *p)
WRENSER A CRBryComplexObject Bi# 2 C R PyComplexObject I TR, &
(IR

int PyComplex_CheckExact (PyObject *p)
WRERSERE 1 CHAlrycomplexObject fHARR C KHlpyComplexObject WFIRAM, iR
[ L,

PyObject* PyComplex_FromCComplex (Py_complex v)
Return value: New reference. 131 C 258 py_complex B — 11 Python & 5t 4 .

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. {24l real 1 imag 12 [0]l—/ N8 C 2B pyComplexObject KA.

double PyComplex_RealAsDouble (PyObject *op)
PA C 244 double i&[H] op 5.

double PyComplex_ImagAsDouble (PyObject *op)
PA C 2k# double R [H] op FIREES.

Py_complex PyComplex_AsCComplex (PyObject *op)
RIS E op 1) CHERIPy_complex {H.

U2 op AiE—A> Python SZHXI AR, (H2HA __complex_ () Jrik, WITiRRELBORN, *F
op Fethy—A~ Python X4 . U __complex_ () AREXWAFHEESE _ float__ (), A
__float_ () REXMPFFEHRE __index (). WIRKN, HIVERRRE -1.0 M4 5LEE.

TE 3.8 MU Bl ansnl R __index_ (),
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3 FFIINRR

FPAR G — B AEAE T — T e 4595744 Python i35 B AR E R PSR &R

8.3.1 FHMKR

BT HRESEAE AR E S gAY, X5 K TypeError,
PyBytesObject
XFppyobject HTFRAFKR—1 Python FATXIE
PyTypeObject PyBytes_Type
PyTypeObject [SEHIFE—4> Python FH5JM, i Python JRTHE S bytes et HIAINFER .
int PyBytes_Check (PyObject *o)
WERRIG 0 RF AR REF RN T RAY LB, WR[E true.
int PyBytes_CheckExact (PyObject *0)
WERXF R 0 RTINS, EAR IR TRAAYSLH], W ME true.
PyObject* PyBytes_FromString (const char *v)
Return value: New reference. J{IIIR [l —SPAFAFER v BYRIA I ERH 7R 4, RGN R [A]
NULL. JEZ v RA[J NULL; BB .
PyObject* PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)

Return value: New reference. B} R Bl — AN PAFAFER v BB A E HAC R len BT EE AT S, 2%
VIR [A] NULL, 402 v 24 NULL, WAIGA T HR O RGNS .

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. 35—~ C print £ () XH&H) format FRrE a5 B S50, T84
2R Python AT TG IR/ IR B SHUH A& XA G FA BT S . WASBE N SEb i C
BRI HOA B U formar “EAFER R A FAFAXT I o AR T AR A

%% i€ A LF% T o

%c int — AT, BFRR N C Il E IR

5d int YT printf ("sd").!

su TSR | RIS T printf("su") .

$1d KA MY T printf ("s$1d").!

$1u AP KR | #24F printf ("s1u").

%$zd Py_ssize_t YT printf ("$zd").!

Szu size_t MY T printf ("Szu").!

$i int MM T printf ("sim) .t

$x int MY T printf ("sx").!

%s const char* PA null 2% 145 C ?fﬁ%ﬂ[ﬁﬂ

$p const void* —A C e Ey TSR R RIER . BEASN T print £ ("sp") H
EAHRATFEM 0x 3k, AMERG S L print £ iU HE
Ao

TR T AT S R ECRAR P AT R R TR WA AR R RIS 5, HFEF a2 4R
IS

PyObject* PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 5 PyBytes_FromFormat () 5e4fE], BT EFEZHISE.

PyObject* PyBytes_FromObject (PyObject *0)
Return value: New reference. 1 [B| 37 3E/R LI GZ 1 R R 42 *o*,

UFTFEEIIAT (d, u, Id, lu, zd, zu, i, x): YA HEERE, O BEARE R AR .
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Py_ssize_t PyBytes_Size (PyObject *0)
R FATRGE *o* PRI

Py_ssize_t PyBytes_GET_SIZE (PyObject *o0)
FIAR) PyBytes_Size () {HRARMHHRAGI .

char* PyBytes_AsString (PyObject *o0)
RERFRY o B NZSHIFREE . ZAREHRIT o INTRZE M X, HPEE len (o) + 1 5. S
WG — N F RN, PMEREAAEHAS TN . IR EATE AR Bk, BRAEZH)
f#i[f] PyBytes_FromStringAndSize (NULL, size) B]EHZXE. EARTHEESE. WHE o
RAERR—ADFATRRIR, MryBytes AsString () ¥k NULL J5| k& TypeError.

char* PyBytes_AS_STRING (PyObject *string)
FIRAR PyBytes_AsString () AN DA .

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
L i AR B buffer F1 length 32 [0 DA null 528 [FAFHIRS G obj BN .

U length 23 NULL, F R GOl E AR Z T MRS, WZRECRHR I -1 51 %

ValueError,

LM X AG ] obj TG, ERRBES—ANEIMIZEFEN (NEAE length 249 . ZE AT
IR RSB, BRIFRWI ] PyBytes_FromStringAndSize (NULL, size) AJEHZN}
Lo EAAPHIE B AR obj IRAANZ— P FirHxt4, MpyBytes AsStringAndsSize ()
FFRIE -1 F5]% TypeError,

£ 3.5 OEH: AR, 477 8 g B A B 2 5151 & TypeError.,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
TE *bytes TRNVEFFITERRS, HAP WS EME] bytes 1) newpart WINZS; W F-REHRAFH 05|
o X bytes ARG | FRFREUE] . WERTCERIEEHIN G, X bytes WIHS I8 E 55 H. *bytes 1)
{ERF 9 NULL; 53 B 2 1) 79

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
1 *Ibyteir g{ﬁﬂ@%ﬁﬂ@ FATERG, HAP S IR bytes 1) newpart NZE . MURAR 2080 newpart
#5 T

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
MR AT/ —F 2, RIS CARRIARRT S o o SR TR AR AT R S
SR BRAE AR Y AR 23 C AU AT 75 2 AR A5 B R A5 D T O S — A
T MRECR AT . 2 A D IE T R R HAEAE N value (EFRESHEEA), HAEAGENH
KA IR, *bytes FEAFTISUL R/ NGHIFATERXFRIFIRIA 05 *bytes ik ] BE-5 Hodg A M
Al QR IECRM, W) *bytes b 735 ER X RGBS L, *bytes 2N NULL, [}

XE MemoryError Hik[A -1,

8.3.2 FHMAMR

PyByteArrayObject
XANPyobject B TEBFIR—> Python FH 4N 4 .

PyTypeObject PyByteArray_Type
Python bytearray 2:A1 32 /8 H Py TypeObject 5Lfl; X5 Python 2 bytearray s2HH [F %}
%.
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REGE

M

int PyByteArray_Check (PyObject *o)

BXFR 02— DT RGN Hg— A A AR TR S B, R
int PyByteArray_CheckExact (PyObject *0)

BXFR 0 B DFIHANMNER, EARZ—DF IR RN T EALGIN, R,

Ef= APl HE

PyObject* PyByteArray_FromObject (PyObject *0)
Return value: New reference. FRYBARATSEIN T 22 /7 R0 BINTE o, R W — P 5T 42 .

PyObject* PyByteArray_ FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. 1345 string It FHAC & len G #— 1 F 1Y bytearray X754, 24 2% Wi 1]
NULL,

PyObject* PyByteArray_ Concat (PyObject *a, PyObject *b)
Return value: New reference. JEREFTHEH a F1 b IR Bl — A 45 R HT 0 504 .

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
{EAS A NULL 841 53R ] bytearray BR /)N,

char* PyByteArray_AsString (PyObject *bytearray)
TEAG A NULL F84 5 IR 01K bytearray iR [ — A7 8 o I A ECEHL GO 2 I — DB =5
T

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
K5 bytearray 11 N EBZGE X B R/ INEE R len.o

M}

XEE AR ZE A PE DA RE , AT SRS .
char* PyByteArray_AS_STRING (PyObject *bytearray)
C ¥ (PyByteArray AsString () WIS,

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
C ¥ pyByteArray Size () BIZEIRA .

8.3.3 Unicode & F014mtEA26528
Unicode &

{1 M python3.3 HS L T pepi393 DAk, Unicode A4 12 Py MO FI A R I, DABBAERRES 17
IR A B2 A FEIRY Unicode 545 W FHFAS (R AR T 128, 256 5 65536 FU e, #—LLA5kH
B A, CRAAAUET 1114112 (3525541 Unicode JH ).

Py _UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and inefficient; it should be avoided in performance- or memory-
sensitive situations.

Due to the transition between the old APIs and the new APIs, Unicode objects can internally be in two states depending
on how they were created:

 “canonical” Unicode objects are all objects created by a non-deprecated Unicode API. They use the most
efficient representation allowed by the implementation.

e ”legacy” Unicode objects have been created through one of the deprecated APIs (typically
PyUnicode_FromUnicode ()) and only bear the Py_UNICODE* representation; you will have to
call PyUnicode READY () on them before calling any other API.
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{Ef: The “legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode objects will
be “canonical” since then. See PEP 623 for more information.

Unicode 3#Y

These are the basic Unicode object types used for the Unicode implementation in Python:

Py_UCs4

Py_UCS2

Py_UCS1
These types are typedefs for unsigned integer types wide enough to contain characters of 32 bits, 16 bits and 8
bits, respectively. When dealing with single Unicode characters, use Py_ UCS4.

3.3 B fE.

Py_UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.

JE 3.3 iU P In previous versions, this was a 16-bit type or a 32-bit type depending on whether you selected
a "narrow” or "wide” Unicode version of Python at build time.

PyASCIIObject

PyCompactUnicodeObject

PyUnicodeObject
These subtypes of PyObject represent a Python Unicode object. In almost all cases, they shouldn’t be used
directly, since all API functions that deal with Unicode objects take and return PyOb ject pointers.

3.3 BRI HE.

PyTypeObject PyUnicode_Type
This instance of Py TypeOb ject represents the Python Unicode type. It is exposed to Python code as str.

The following APIs are really C macros and can be used to do fast checks and to access internal read-only data of
Unicode objects:

int PyUnicode_Check (PyObject *0)
Return true if the object o is a Unicode object or an instance of a Unicode subtype.

int PyUnicode_CheckExact (PyObject *o)
Return true if the object o is a Unicode object, but not an instance of a subtype.

int PyUnicode_READY (PyObject *0)
Ensure the string object o is in the "canonical” representation. This is required before using any of the access
macros described below.

Returns O on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 B fE.

Deprecated since version 3.10, will be removed in version 3.12: This API will be removed with
PyUnicode_FromUnicode ().

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *0)
Return the length of the Unicode string, in code points. o has to be a Unicode object in the “canonical”
representation (not checked).

3.3 Hge.

Py_UCSI* PyUnicode_1BYTE_DATA (PyObject *o)

Py_UCS2* PyUnicode_2BYTE_DATA (PyObject *0)

Py_UCS4* PyUnicode_4BYTE_DATA (PyObject *0)
Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
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PyUnicode_KIND () to select the right macro. Make sure PyUnicode_READY () has been called be-
fore accessing this.

3.3 B fE.

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

Return values of the PyUnicode KIND () macro.

3.3 B Tfe.
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND is deprecated.

int PyUnicode_KIND (PyObject *o0)
Return one of the PyUnicode kind constants (see above) that indicate how many bytes per character this Uni-
code object uses to store its data. o has to be a Unicode object in the ”canonical” representation (not checked).

3.3 BRI HE.

void* PyUnicode_DATA (PyObject *o0)
Return a void pointer to the raw Unicode buffer. o has to be a Unicode object in the “canonical” representation
(not checked).

3.3 BRI HE.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
Write into a canonical representation data (as obtained with PyUnicode_DATA ()). This macro does not
do any sanity checks and is intended for usage in loops. The caller should cache the kind value and data pointer
as obtained from other macro calls. index is the index in the string (starts at 0) and value is the new code point
value which should be written to that location.

3.3 B RE.

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
Read a code point from a canonical representation data (as obtained with PyUnicode_DATA ()). No checks
or ready calls are performed.

3.3 B RE.

Py_UCS4 PyUnicode_READ_CHAR (PyObject *o, Py_ssize_t index)
Read a character from a Unicode object o, which must be in the ”canonical” representation. This is less efficient
than PyUnicode_READ () if you do multiple consecutive reads.

3.3 BRI HE.

PyUnicode_MAX_CHAR_VALUE (0)
Return the maximum code point that is suitable for creating another string based on o, which must be in the
”canonical” representation. This is always an approximation but more efficient than iterating over the string.

3.3 BRI HE.

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py UNICODE representation, in code units (this includes surrogate pairs as
2 units). o has to be a Unicode object (not checked).

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode GET _LENGTH().

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *0)
Return the size of the deprecated Py UNICODE representation in bytes. o has to be a Unicode object (not
checked).

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode GET LENGTH().

Py_UNICODE* PyUnicode_AS_UNICODE (PyObject *o)
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const char* PyUnicode_AS_DATA (PyObject *0)
Return a pointer to a Py_ UNICODE representation of the object. The returned buffer is always terminated
with an extra null code point. It may also contain embedded null code points, which would cause the string to
be truncated when used in most C functions. The AS_DATA form casts the pointer to const char *. The
o argument has to be a Unicode object (not checked).

T£ 3.3 i ¥ g This macro is now inefficient -- because in many cases the Py_UNICODE representa-
tion does not exist and needs to be created -- and can fail (return NULL with an exception set). Try to
port the code to use the new PyUnicode_nBYTE_DATA () macros or use PyUnicode WRITE () or
PyUnicode_READ ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please
migrate to using the PyUnicode_nBYTE_DATA () family of macros.

int PyUnicode_IsIdentifier (PyObject *o)
Return 1 if the string is a valid identifier according to the language definition, section identifiers. Return 0
otherwise.

TE 3.9 i 2 The function does not call Py_FatalError () anymore if the string is not ready.

Unicode B

Unicode provides many different character properties. The most often needed ones are available through these macros
which are mapped to C functions depending on the Python configuration.

int Py_UNICODE_ISSPACE (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a whitespace character.

int Py_UNICODE_ISLOWER (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a lowercase character.

int Py_UNICODE_ISUPPER (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is an uppercase character.

int Py_UNICODE_ISTITLE (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a titlecase character.

int Py_UNICODE_ISLINEBREAK (Py_UNICODE ch)
Return 1 or 0 depending on whether c# is a linebreak character.

int Py_UNICODE_ISDECIMAL (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a decimal character.

int Py_UNICODE_ISDIGIT (Py UNICODE ch)
Return 1 or 0 depending on whether c#h is a digit character.

int Py_UNICODE_ISNUMERIC (Py UNICODE ch)
Return 1 or 0 depending on whether ch is a numeric character.

int Py_UNICODE_ISALPHA (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is an alphabetic character.

int Py_UNICODE_ISALNUM (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is an alphanumeric character.

int Py_UNICODE_ISPRINTABLE (Py_UNICODE ch)
Return 1 or 0 depending on whether c#h is a printable character. Nonprintable characters are those characters
defined in the Unicode character database as "Other” or ”Separator”, excepting the ASCII space (0x20) which
is considered printable. (Note that printable characters in this context are those which should not be escaped
when repr () is invoked on a string. It has no bearing on the handling of strings written to sys . stdout
or sys.stderr.)

These APIs can be used for fast direct character conversions:
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Py_UNICODE Py_UNICODE_TOLOWER (Py_UNICODE ch)
Return the character ch converted to lower case.

3.3 UG . F8F: This function uses simple case mappings.

Py_UNICODE Py_UNICODE_TOUPPER (Py_UNICODE ch)
Return the character ch converted to upper case.

3.3 it )5 E#2 K4 This function uses simple case mappings.

Py_UNICODE Py_UNICODE_TOTITLE (Py_UNICODE ch)
Return the character ch converted to title case.

3.3 S EL 5 [%: This function uses simple case mappings.

int Py_UNICODE_TODECIMAL (Py_UNICODE ch)
Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro
does not raise exceptions.

int Py _UNICODE_TODIGIT (Py_UNICODE ch)
Return the character ch converted to a single digit integer. Return -1 if this is not possible. This macro does
not raise exceptions.

double Py_UNICODE_TONUMERIC (Py_UNICODE ch)
Return the character ch converted to a double. Return —1 . 0 if this is not possible. This macro does not raise
exceptions.

These APIs can be used to work with surrogates:

Py _UNICODE_IS_SURROGATE (ch)
Check if ch is a surrogate (0xD800 <= ch <= 0xDFFF).

Py _UNICODE_IS_HIGH_SURROGATE (ch)
Check if ch is a high surrogate (0xD800 <= ch <= 0xDBFF).

Py UNICODE_IS_LOW_SURROGATE (ch)
Check if ch is a low surrogate (0xDC0O0 <= ch <= 0xDFFF).

Py_UNICODE_JOIN_SURROGATES (high, low)
Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the leading
and trailing surrogates in a surrogate pair.

Creating and accessing Unicode strings

To create Unicode objects and access their basic sequence properties, use these APIs:

PyObject* PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. Create a new Unicode object. maxchar should be the true maximum code point
to be placed in the string. As an approximation, it can be rounded up to the nearest value in the sequence 127,
255, 65535, 1114111.

This is the recommended way to allocate a new Unicode object. Objects created using this function are not
resizable.

3.3 B fE.

PyObject* PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. Create a new Unicode object with the given kind (possible values are
PyUnicode_1BYTE_KIND etc., as returned by PyUnicode_KIND ()). The buffer must point to an
array of size units of 1, 2 or 4 bytes per character, as given by the kind.

3.3 B .

PyObject* PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the char buffer u. The bytes will be interpreted as
being UTF-8 encoded. The buffer is copied into the new object. If the buffer is not NULL, the return value
might be a shared object, i.e. modification of the data is not allowed.
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If u is NULL, this function behaves like PyUnicode FromUnicode () with the buffer set to NULL. This
usage is deprecated in favor of PyUnicode_New ().

PyObject *PyUnicode_FromString (const char *u)
Return value: New reference. Create a Unicode object from a UTF-8 encoded null-terminated char buffer u.

PyObject* PyUnicode_FromFormat (const char *format, ...)
Return value: New reference. Take a C printf () -style format string and a variable number of arguments,
calculate the size of the resulting Python Unicode string and return a string with the values formatted into it.
The variable arguments must be C types and must correspond exactly to the format characters in the format
ASClII-encoded string. The following format characters are allowed:

%% & LF % FAF o

$c Al PR, RN C il F AL

sd A MY T printf ("sd").!

$u P ol H4F printf ("su").

$1d KA H%4F printf ("s1d").

$1i KA FYT printf ("s1in) .t

$1lu A KA HEF printf ("slu").

$11d long long MY T printf("s11d") .

$11i long long M4 T printf("s11im).]

$11lu Te475 long long MY T printf ("s$1lu").f

$zd Py_ssize_t MX4T printf ("szd").!

$zi Py_ssize_t MY T printf ("szi").T

$zu size_t MX4T printf ("szu").!

51 HA M4 T printf ("sim). T

$x A MM T print £ ("sx").]

$s const char* PA null S92 FAFH) C 455504

$p const void* —A CHREH NIRRT AN T
printf ("sp") HESWHRATHE 0x JFk, NERSE
F& Eprintf it 24

SA PyObject* ascii () WHMEEE.

$U PyObject* A Unicode object.

SV PyObject*, const char* | A Unicode object (which may be NULL) and a null-terminated C
character array as a second parameter (which will be used, if the
first parameter is NULL).

%S PyObject* The result of calling PyObject_Str ().

%R PyObject* The result of calling PyObject_Repr ().

An unrecognized format character causes all the rest of the format string to be copied as-is to the result string,
and any extra arguments discarded.

{Ef#:  The width formatter unit is number of characters rather than bytes. The precision formatter unit is
number of bytes for "$s" and "$V" (if the PyObject* argument is NULL), and a number of characters
for "$A", "$U", "%S ", "$R" and "$V" (if the PyObject* argument is not NULL).

T 3.2 iR FE R Support for "$11d" and "$11u" added.
TE 3.3 fR s Support for "$14", "$11i" and "$zi" added.
T 3.4 T Support width and precision formatter for "$s™, "$A", "SU", "$V", "$S", "SR" added.

PyObject* PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Identical to PyUnicode_FromFormat () except that it takes exactly two
arguments.

! For integer specifiers (d, u, 1d, i, lu, 11d, 1li, 1lu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.
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PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. Decode an encoded object obj to a Unicode object.

bytes, bytearray and other bytes-like objects are decoded according to the given encoding and using the
error handling defined by errors. Both can be NULL to have the interface use the default values (see Built-in
Codecs for details).

All other objects, including Unicode objects, cause a TypeError to be set.
The API returns NULL if there was an error. The caller is responsible for decref’ing the returned objects.

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Return the length of the Unicode object, in code points.

3.3 B RE.

Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from,
Py_ssize_t from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when
necessary and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise
returns the number of copied characters.

3.3 Hrge.
Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
Fill a string with a character: write fill_char into unicode [start:start+length].

Fail if fill_char is bigger than the string maximum character, or if the string has more than 1 reference.

Return the number of written character, or return —1 and raise an exception on error.
3.3 B Uige.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Write a character to a string. The string must have been created through PyUnicode_New (). Since Unicode
strings are supposed to be immutable, the string must not be shared, or have been hashed yet.

This function checks that unicode is a Unicode object, that the index is not out of bounds, and that the object
can be modified safely (i.e. that it its reference count is one).

3.3 B fE.

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Read a character from a string. This function checks that unicode is a Unicode object and the index is not out
of bounds, in contrast to the macro version PyUnicode READ_CHAR ().

3.3 B fE.

PyObject* PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. Return a substring of str, from character index start (included) to character index
end (excluded). Negative indices are not supported.

3.3 B RE.

Py_UCS4* PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
Copy the string u into a UCS4 buffer, including a null character, if copy_null is set. Returns NULL and sets an
exception on error (in particular, a SystemError if buflen is smaller than the length of u). buffer is returned
on success.

3.3 B fE.

Py_UCS4* PyUnicode_AsUCS4Copy (PyObject *u)
Copy the string u into a new UCS4 buffer that is allocated using PyMem_Malloc (). If this fails, NULL is
returned with a MemoryError set. The returned buffer always has an extra null code point appended.

3.3 B fE.
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Deprecated Py_UNICODE APIs

Deprecated since version 3.3, will be removed in version 4.0.

These API functions are deprecated with the implementation of PEP 393. Extension modules can continue using
them, as they will not be removed in Python 3.x, but need to be aware that their use can now cause performance and
memory hits.

PyObject* PyUnicode_FromUnicode (const Py_UNICODE *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the Py_UNICODE buffer u of the given size. u
may be NULL which causes the contents to be undefined. It is the user’s responsibility to fill in the needed data.
The buffer is copied into the new object.

If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the resulting
Unicode object is only allowed when u is NULL.

If the buffer is NULL, PyUnicode_READY () must be called once the string content has been filled before
using any of the access macros such as PyUnicode KIND ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API,
please migrate to using PyUnicode_FromKindAndData (), PyUnicode_FromWideChar (), or
PyUnicode_New ().

Py_UNICODE* PyUnicode_AsUnicode (PyObject *unicode)
Return a read-only pointer to the Unicode object’s internal Py UNICODE buffer, or NULL on error. This will
create the Py UNICODE * representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py_ UNICODE string may also contain embedded null
code points, which would cause the string to be truncated when used in most C functions.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.

Deprecated since version 3.3, will be removed in version 3.10.

PyObject* PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Create a Unicode object by replacing all decimal digits in Py_ UNICODE buffer
of the given size by ASCII digits 0--9 according to their decimal value. Return NULL if an exception occurs.

Py_UNICODE* PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode_AsUnicode (), but also saves the Py_ UNICODE () array length (excluding the extra
null terminator) in size. Note that the resulting Py UNTCODE * string may contain embedded null code points,
which would cause the string to be truncated when used in most C functions.

3.3 Hrige.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.

Py_UNICODE* PyUnicode_AsUnicodeCopy (PyObject *unicode)
Create a copy of a Unicode string ending with a null code point. Return NULL and raise a MemoryError
exception on memory allocation failure, otherwise return a new allocated buffer (use PyMem_Free () to free
the buffer). Note that the resulting Py UNTCODE * string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.2 BT ge.
Please migrate to using PyUnicode_AsUCS4Copy () or similar new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Return the size of the deprecated Py_ UNICODE representation, in code units (this includes surrogate pairs as
2 units).

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode GET_LENGTH().
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PyObject* PyUnicode_FromObject (PyObject *obj)

Return value: New reference. Copy an instance of a Unicode subtype to a new true Unicode object if necessary.
If obj is already a true Unicode object (not a subtype), return the reference with incremented refcount.

Objects other than Unicode or its subtypes will cause a TypeError.

Locale Encoding

The current locale encoding can be used to decode text from the operating system.

PyObject* PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t len, const char *errors)

Return value: New reference. Decode a string from UTF-8 on Android and VxWorks, or from the current locale
encoding on other platforms. The supported error handlers are "strict" and "surrogateescape"
(PEP 383). The decoder uses "strict" error handler if errors is NULL. str must end with a null character
but cannot contain embedded null characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
S

The Py_DecodeLocale () function.

3.3 FrRIIHE.

T 3.7 B B0 The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py_DecodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.

PyObject* PyUnicode_DecodeLocale (const char *str, const char *errors)

Return value: New reference. Similar to PyUnicode_DecodeLocaleAndSize (), but compute the
string length using strlen ().

3.3 B fE.

PyObject* PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Encode a Unicode object to UTF-8 on Android and VxWorks, or to the current lo-
cale encoding on other platforms. The supported error handlers are "strict" and "surrogateescape"
(PEP 383). The encoder uses "strict" error handler if errors is NULL. Return a bytes object. unicode
cannot contain embedded null characters.

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding
(the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
S

The Py _EncodeLocale () function.

3.3 B e,

TE 3.7 B L The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py EncodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.
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File System Encoding

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should
be used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler
(PEP 383 and PEP 529). To encode file names to bytes during argument parsing, the "O&" converter should be
used, passing PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject* obj, void* result)
ParseTuple converter: encode str objects -- obtained directly or through the os.PathLike interface --
to bytes using PyUnicode EncodeFSDefault (); bytes objects are output as-is. result must be a
PyBytesObject * which must be released when it is no longer used.

3.1 Fge.
TE 3.6 R M 2 — AR b2 £

To decode file names to str during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:

int PyUnicode_FSDecoder (PyObject* obj, void* result)
ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through the os.
PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize (); str objects are
output as-is. result must be a PyUnicodeOb ject * which must be released when it is no longer used.

3.2 B fE.
e 3.6 BUHEL: %52 — Rk 428 7o

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. Decode a string using Py_FileSystemDefaultEncoding and the
Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().

S
The Py_DecodeLocale () function.
T 3.6 iR : Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Decode a null-terminated stringusing Py_FileSystemDefaultEncoding
and the Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
JE 3.6 R Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Encode a Unicode object to Py_FileSystemDefaultEncoding with the
Py_FileSystemDefaultEncodeErrors error handler, and return bytes. Note that the resulting
bytes object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to encode a string to the current locale encoding, use
PyUnicode_EncodeLocale ().

S

The Py _EncodeLocale () function.
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3.2 BRI RE.

FE 3.6 fRE P Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t Support

wchar_t support for platforms which support it:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the wchar_t buffer w of the given size. Passing
—1 as the size indicates that the function must itself compute the length, using wcslen. Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)
Copy the Unicode object contents into the wchar_t buffer w. At most size wchar_t characters are copied
(excluding a possibly trailing null termination character). Return the number of wchar_t characters copied
or —1 in case of an error. Note that the resulting wchar_t* string may or may not be null-terminated. It is
the responsibility of the caller to make sure that the wchar_t * string is null-terminated in case this is required
by the application. Also, note that the wchar_t * string might contain null characters, which would cause the
string to be truncated when used with most C functions.

wchar_t* PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
Convert the Unicode object to a wide character string. The output string always ends with a null character. If
size is not NULL, write the number of wide characters (excluding the trailing null termination character) into
*size. Note that the resulting wchar_t string might contain null characters, which would cause the string
to be truncated when used with most C functions. If size is NULL and the wchar_t* string contains null
characters a ValueError is raised.

Returns a buffer allocated by PyMem_Alloc () (use PyMem Free () to free it) on success. On error,
returns NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

3.2 B fE.

’E 3.7 BB Pk Raises a ValueError if size is NULL and the wchar_ t * string contains null characters.
g

Built-in Codecs

Python provides a set of built-in codecs which are written in C for speed. All of these codecs are directly usable via
the following functions.

Many of the following APIs take two arguments encoding and errors, and they have the same semantics as the ones
of the built-in str () string object constructor.

Setting encoding to NULL causes the default encoding to be used which is UTF-8.  The file sys-
tem calls should use PyUnicode_FSConverter () for encoding file names. This uses the variable
Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some sys-
tems, it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes
setlocale).

Error handling is set by errors which may also be set to NULL meaning to use the default handling defined for the
codec. Default error handling for all built-in codecs is strict” (ValueError is raised).

The codecs all use a similar interface. Only deviation from the following generic ones are documented for simplicity.
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Generic Codecs

These are the generic codec APIs:

PyObject* PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the encoded string s. encoding
and errors have the same meaning as the parameters of the same name in the str () built-in function. The
codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the
codec.

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *er-

rors)
Return value: New reference. Encode a Unicode object and return the result as Python bytes object. encoding

and errors have the same meaning as the parameters of the same name in the Unicode encode () method.
The codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised
by the codec.

PyObject* PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding, const

char *errors)
Return value: New reference. Encode the Py_ UNICODE buffer s of the given size and return a Python bytes

object. encoding and errors have the same meaning as the parameters of the same name in the Unicode
encode () method. The codec to be used is looked up using the Python codec registry. Return NULL if an
exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_ UNTCODE API; please
migrate to using PyUnicode AsEncodedString ().

UTF-8 Codecs

These are the UTF-8 codec APIs:

PyObject* PyUnicode_DecodeUTF8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the UTF-8 encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTFS8 (). If con-

sumed is not NULL, trailing incomplete UTF-8 byte sequences will not be treated as an error. Those bytes will
not be decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Encode a Unicode object using UTF-8 and return the result as Python bytes
object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
Return a pointer to the UTF-8 encoding of the Unicode object, and store the size of the encoded representation
(in bytes) in size. The size argument can be NULL; in this case no size will be stored. The returned buffer always
has an extra null byte appended (not included in size), regardless of whether there are any other null code points.

In the case of an error, NULL is returned with an exception set and no size is stored.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a
pointer to the same buffer. The caller is not responsible for deallocating the buffer.

3.3 B e
T 3.7 U P The return type is now const char * rather of char *.

const char* PyUnicode_AsUTF8 (PyObject *unicode)
As PyUnicode_AsUTF8AndSize (), but does not store the size.

3.3 B .

T 3.7 MU P The return type is now const char * rather of char *.
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PyObject* PyUnicode_EncodeUTF8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)

Return value: New reference. Encode the Py_UNICODE buffer s of the given size using UTF-8 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_UNICODE
API; please migrate to using PyUnicode AsUTF8String (), PyUnicode AsUTEF8AndSize () or
PyUnicode_AsEncodedString ().

UTF-32 Codecs

These are the UTF-32 codec APIs:

PyObject* PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference. Decode size bytes from a UTF-32 encoded buffer string and return the corre-
sponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to ”strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first four bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorder is
-1 or 1, any byte order mark is copied to the output.

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.

Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors,

int *byteorder, Py_ssize_t *consumed)
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF32 (). If con-

sumed is not NULL, PyUnicode_DecodeUTF32Stateful () will not treat trailing incomplete UTF-32
byte sequences (such as a number of bytes not divisible by four) as an error. Those bytes will not be decoded
and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)

Return value: New reference. Return a Python byte string using the UTF-32 encoding in native byte order. The
string always starts with a BOM mark. Error handling is "strict”. Return NULL if an exception was raised by
the codec.

PyObject* PyUnicode_EncodeUTF32 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode

data in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsUTF32String () or PyUnicode_ AsEncodedString ().
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UTF-16 Codecs

These are the UTF-16 codec APIs:

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Decode size bytes from a UTF-16 encoded buffer string and return the corre-
sponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to "strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first two bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorder is
-1 or 1, any byte order mark is copied to the output (where it will result in either a \ufeff ora \ufffe
character).

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF16Stateful (const char *s, Py_ssize_t size, const char *errors,
int *byteorder, Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF16 (). If con-
sumed is not NULL, PyUnicode_DecodeUTF16Stateful () will not treat trailing incomplete UTF-16
byte sequences (such as an odd number of bytes or a split surrogate pair) as an error. Those bytes will not be
decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. Return a Python byte string using the UTF-16 encoding in native byte order. The
string always starts with a BOM mark. Error handling is “strict”. Return NULL if an exception was raised by
the codec.

PyObject* PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode

data in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_ UNICODE_WIDE is defined, a single Py_ UNTCODE value may get represented as a surrogate pair. If
it is not defined, each Py_ UNICODE values is interpreted as a UCS-2 character.

Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_ UNTCODE API; please
migrate to using PyUnicode AsUTF16String () or PyUnicode_AsEncodedString().
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UTF-7 Codecs

These are the UTF-7 codec APIs:

PyObject* PyUnicode_DecodeUTF7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the UTF-7 encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF7 (). If con-

sumed is not NULL, trailing incomplete UTF-7 base-64 sections will not be treated as an error. Those bytes
will not be decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py_ssize_t size, int base64SetO,
int base64 WhiteSpace, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using UTF-7 and return a

Python bytes object. Return NULL if an exception was raised by the codec.

If base64SetO is nonzero, “Set O” (punctuation that has no otherwise special meaning) will be encoded in
base-64. If base64 WhiteSpace is nonzero, whitespace will be encoded in base-64. Both are set to zero for the
Python utf-7” codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsEncodedString ().

Unicode-Escape Codecs

These are the “Unicode Escape” codec APIs:

PyObject* PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the Unicode-Escape encoded
string s. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using Unicode-Escape and return the result as a bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Unicode-Escape and
return a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNTICODE API; please
migrate to using PyUnicode_AsUnicodeEscapeString().

Raw-Unicode-Escape Codecs

These are the "Raw Unicode Escape” codec APIs:

PyObject* PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char *er-

rors)
Return value: New reference. Create a Unicode object by decoding size bytes of the Raw-Unicode-Escape

encoded string s. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using Raw-Unicode-Escape and return the result as a
bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py_ UNICODE buffer of the given size using Raw-Unicode-Escape
and return a bytes object. Return NULL if an exception was raised by the codec.
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Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style
Py_UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString() or
PyUnicode_AsEncodedString ().

Latin-1 Codecs

These are the Latin-1 codec APIs: Latin-1 corresponds to the first 256 Unicode ordinals and only these are accepted
by the codecs during encoding.

PyObject* PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the Latin-1 encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using Latin-1 and return the result as Python bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeLatinl (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Latin-1 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsLatinlString () or PyUnicode AsEncodedString().

ASCII Codecs

These are the ASCII codec APIs. Only 7-bit ASCII data is accepted. All other codes generate errors.

PyObject* PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the ASCII encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using ASCII and return the result as Python bytes
object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeASCII (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using ASCII and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsASCIIString () or PyUnicode AsEncodedString ().

Character Map Codecs

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done
to obtain most of the standard codecs included in the encodings package). The codec uses mapping to encode
and decode characters. The mapping objects provided must support the __getitem__ () mapping interface;
dictionaries and sequences work well.

These are the mapping codec APIs:

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the encoded string s using the

given mapping object. Return NULL if an exception was raised by the codec.

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers in the
range from 0 to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals) or None.
Unmapped data bytes -- ones which cause a LookupError, as well as ones which get mapped to None,
OxFFFE or '\ufffe', are treated as undefined mappings and cause an error.
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PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Encode a Unicode object using the given mapping object and return the result as
a bytes object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range from 0 to 255 or
None. Unmapped character ordinals (ones which cause a LookupError) as well as mapped to None are
treated as "undefined mapping” and cause an error.

PyObject* PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors)
Return value: New reference. Encode the Py_ UNTCODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsCharmapString () or PyUnicode_ AsEncodedString().

The following codec API is special in that maps Unicode to Unicode.

PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. Translate a string by applying a character mapping table to it and return the
resulting Unicode object. Return NULL if an exception was raised by the codec.

The mapping table must map Unicode ordinal integers to Unicode ordinal integers or None (causing deletion
of the character).

Mapping tables need only provide the __getitem__ () interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors has the usual meaning for codecs. It may be NULL which indicates to use the default error handling.

PyObject* PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *map-
ping, const char *errors)
Return value: New reference. Translate a Py_UNICODE buffer of the given size by applying a character

mapping table to it and return the resulting Unicode object. Return NULL when an exception was raised by the
codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_ UNTCODE API; please
migrate to using PyUnicode Translate (). or generic codec based API

MBCS codecs for Windows

These are the MBCS codec APIs. They are currently only available on Windows and use the Win32 MBCS converters
to implement the conversions. Note that MBCS (or DBCS) is a class of encodings, not just one. The target encoding
is defined by the user settings on the machine running the codec.

PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the MBCS encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeMBCS (). If con-

sumed is not NULL, PyUnicode_DecodeMBCSStateful () will not decode trailing lead byte and the
number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using MBCS and return the result as Python bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Return value: New reference. Encode the Unicode object using the specified code page and return a Python
bytes object. Return NULL if an exception was raised by the codec. Use CP_ACP code page to get the MBCS
encoder.

3.3 B fE.
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PyObject* PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_UNTCODE buffer of the given size using MBCS and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_UNICODE
API,; please migrate to using PyUnicode_AsMBCSString (), PyUnicode_EncodeCodePage () or
PyUnicode_AsEncodedString ().

Methods & Slots

Methods and Slot Functions

The following APIs are capable of handling Unicode objects and strings on input (we refer to them as strings in the
descriptions) and return Unicode objects or integers as appropriate.

They all return NULL or —1 if an exception occurs.

PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. Concat two strings giving a new Unicode string.

PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Split a string giving a list of Unicode strings. If sep is NULL, splitting will be
done at all whitespace substrings. Otherwise, splits occur at the given separator. At most maxsplit splits will
be done. If negative, no limit is set. Separators are not included in the resulting list.

PyObject* PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. Split a Unicode string at line breaks, returning a list of Unicode strings. CRLF
is considered to be one line break. If keepend is 0, the Line break characters are not included in the resulting
strings.

PyObject* PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Join a sequence of strings using the given separator and return the resulting
Unicode string.

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end,

' int direction) ) )
Return 1 if substr matches str [start:end] at the given tail end (direction == —1 means to do a prefix

match, direction == 1 a suffix match), 0 otherwise. Return —1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direc-
tion)
Return the first position of substr in str [start :end] using the given direction (direction == 1 means to
do a forward search, direction == —1 a backward search). The return value is the index of the first match; a
value of —1 indicates that no match was found, and -2 indicates that an error occurred and an exception has
been set.

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int di-

rection)
Return the first position of the character ch in str[start:end] using the given direction (direction ==
1 means to do a forward search, direction == —1 a backward search). The return value is the index of the

first match; a value of —1 indicates that no match was found, and —2 indicates that an error occurred and an
exception has been set.

3.3 FriR e
T 3.7 WUHE PR start and end are now adjusted to behave like str [start :end].

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Return the number of non-overlapping occurrences of substr in str [start:end]. Return -1 if an error
occurred.

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t max-

count)
Return value: New reference. Replace at most maxcount occurrences of substr in str with replstr and return the
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resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)
Compare two strings and return -1, 0, 1 for less than, equal, and greater than, respectively.

This function returns —1 upon failure, so one should call PyErr_Occurred () to check for errors.

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Compare a Unicode object, uni, with string and return —1, 0, 1 for less than, equal, and greater than, respec-
tively. It is best to pass only ASCII-encoded strings, but the function interprets the input string as [SO-8859-1
if it contains non-ASCII characters.

This function does not raise exceptions.

PyObject* PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Rich compare two Unicode strings and return one of the following:

* NULL in case an exception was raised
e Py_True or Py_False for successful comparisons
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT,and Py_LE.

PyObject* PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. Return a new string object from format and args; this is analogous to format

o)

% args.

int PyUnicode_Contains (PyObject *container, PyObject *element)
Check whether element is contained in container and return true or false accordingly.

element has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **string)
Intern the argument *string in place. The argument must be the address of a pointer variable pointing to a
Python Unicode string object. If there is an existing interned string that is the same as *string, it sets *string to it
(decrementing the reference count of the old string object and incrementing the reference count of the interned
string object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification:
even though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you
own the object after the call if and only if you owned it before the call.)

PyObject* PyUnicode_InternFromString (const char *v)
Return  value: New  reference. A combination of PyUnicode FromString() and
PyUnicode_InternInPlace (), returning either a new Unicode string object that has been in-
terned, or a new (“owned”) reference to an earlier interned string object with the same value.

8.3.4 JLAANE

PyTupleObject
XA~Pyobject BFRAUMAF—> Python [T X 4 .

PyTypeObject PyTuple_Type
pyTypeObject HSBIAFE—A> Python JLHERL, X5 Python ]2 tuple EHFMXTE .
int PyTuple_Check (PyObject *p)
MR p 2T R B TCH B I BU L], 3 o] B
int PyTuple_CheckExact (PyObject *p)
MR p B — AT g, MA S —AICHIE RN TRBUSHI, Tk [ FAE .
PyObject* PyTuple_New (Py_ssize_t len)
Return value: New reference. EHR Bl — TGN S, KJE N len, TR [E] “NULLY,

PyObject* PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. J{{ H W& Bl — N TG X %, K/ANK n o, 2 MBI [H
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Py_ssize_t PyTuple_Size (PyObject *p)
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Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
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PyObject* PyTuple_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. 3R [B] p A8 BITCAHH, 1T pos ALHINT S . WK pos BH AR, &
[ NULL, FH#iH— IndexError B,

PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 23D T PyTuple_GetItem(), {HAKEHESE.

PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. 3R [i] p g M sCALi Y] i, HE low Fl high Z 18], B35 AR 2R i) 1z 0]
NULL, iX%[A]F Python #iks{ p[low:high] . AZFMIIEKIBRT].

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
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void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
R FryTuple_setItem(), (HAMATHRIGE, HHWIZ R 2@ KRBT

W XNES “fiE” —AxoWBIH, (HS5PyTuple_SetTtem () Nl, B REe EFXHEA]
PTG ST AT pos RLERAEATS | HERREB R -

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
A TR BT KN . newsize 52 TCHRYBE . HTCAH HON A ZA AL, BT A A TE
MGG —A5I B, Az E. WRICHT SR I a5 A ZE A .
TCAE IR B A K SN ICEREERASRINC4If A g — N Hocdl, ReEEa. MR
Ml 0 &P fCHS A ARE *p BYSRAERE-S T T I eREc AT EAE ] . Q2R T *p 51 RRS
4, WIRIRRY *p FREUE 8. R, R[E] -1, £f *p BEN NULL, H5|% MemoryError o

SystemError,

8.3.5 ZHIFFFIXIR

G P I RN T namedtuple () B C R, HI—AFF, Hoiyz A BT L@ BT . 2
BIRESHFA, AR Selb B 2 Y 45 751 26 2L

PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. HRF desc )0 d— A BE IG5 A0 FE IS0, R ik T DA
HPyStructSequence_New () Bl 45 TS T 1) SE 4 .

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc SHIAIIRALETH PP SI2R A type.,

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
4 PyStructSequence_InitType [, {HZhIRE 0, JKMGHRE -1 .

3.4 B RE.

PyStructSequence_Desc

B RIS 7 A1 R TAE B
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15 C z8 BEX

name const char * LER BB 24 B

doc const char * Fi ) B W R B[P SORY A AP R Bl NULL (3R %)

fields PyStructSequence_Field J4[a] Pk NULL 45 R IEAI 85, HFEAWK
* A

n_in_sequenceint Python fIll o] WL F B8k (A F/E )

PyStructSequence_Field
RGP 0 — AT B MEH P II PR BN SCA RS, BT B KB ZPyob ject %,
fEPyStructSequence_Desc i) fields ¥ MRS [HE T 4545 TR 2 WA BL .

o | C A BX

name const F B4 PR B NULL , # EE R w44 B YR, Wk E
char * “HPyStructSequence_UnnamedField DIMEEE R4 7B

doc| const LMY BOUR P AT AR B NULL

char *

const char * const PyStruct Sequence_UnnamedField

F B A R R A PR R R a2 RS
T 3.9 MBS XARAEM char * I,

PyObject* PyStruct Sequence_New (PyTypeObject *type)
Return value: New reference. B8 type [RSEH1, ZSEH LBl PySt ruct Sequence_NewType ()
A,

PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. 320 p Fr{8 MBI 45 B 5 H, (VT pos AbBIRT S . ANFEEFTIHR
KA

PyObject* PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem () WZEMAS.

void PyStruct Sequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
FFE5H 751 p FT] pos K7 BER BN 0. HSPyTuple SET_ITEM() —FE, EMIZHHTIH
FEAFIY LB

M XARE I TR o A5

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *o)
PyStructSequence_SetItem() WERA .

T XARREC BT TR o A5

8.3.6 FIRIR

PyListObject
XA CEAryobject HTIAAEK—> Python F X R .
PyTypeObject PyList_Type
X2 NET Py Typeobject HYF Python 5 RAA A SLH . & Python EHIFILA 1ist Z[]—4
xR
int PyList_Check (PyObject *p)
MR p & —DINRI R & — P ERLR R TR, REEH.
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int PyList_CheckExact (PyObject *p)
b p R —MIIRNG, ER ARy KL 7RG, RIE

PyObject* PyList_New (Py_ssize_t len)
Return value: New reference. J§EBR Bl — KR len B35, SRR [E] NULL,

R 24 len KT BB, #k B F) R X200 H 85 8 NULL. B AR G H 254 C o
¥ pysequence_SetItem() % API 8i# M C lR¥PyList_SetItem() r{j‘ﬁ)fﬁiﬁﬁuﬁ
BLELSEXT G HiR Python A% A FF X 14 .

Py_ssize_t PyList_Size (PyObject *list)
R[] list PHNFX R SE . XETAETFRIZR A Len (1ist)
Py_ssize_t PyList_GET_SIZE (PyObject *list)
TN C mgkpyList_Size () , AR,
PyObject* PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. 1% [9] list fir 35 [0 4 38 H index (Vi B _F X% . L EEH AN AET
B A SISV FRRIEATHRT] . AR index 1T A5 (<O or >=lenlist)), WX [el NULL Jf B

IndexError JH,
PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. T2 C BREPyList_GetItem() , ARG,
int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
R R RGN index W)IVN item. LI [E] 00 QAR index i 3 B W2 o] -1 I3 &

IndexError JiH,

TEfd: W “fE” — AR item BSIIFEFE— MR P22 WAL E LR EA AR H G

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *o)
AR AR Py List _Set Ttem (). JXE R THHR D ZHIA WA ALE T
3T,

R ZRS E” — AR item 51N, (A5 PyList_SetTtem () AFEMZE RaEFAEAM
PO BT A list (9 § AL BTSSR gt ex -

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)

P& H item 1 AF5) 3 list K515 index Z BRI E . QA TIRFRE 05 AOSEA KWz [E] -1 Ff
WE— NS, M4 T list.insert (index, item),

int PyList_Append (PyObject *list, PyObject *item)
PEXSG item TS IMENZ) 3% list WIARJE . NS AIRFRE] 05 QISRAS I WER ] -1 I E— .
BT list.append(item).,

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. ﬁlﬁl*ﬁi@%ﬁ 2%, A5 list 40T low Rl high Z 1A X 5. QISRAN
SN IR [E] NULL H% B S 4. H4TF list [low:high]. REFEMIIEKEIITET],

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
- list 249 low 5 high 2 [R|Y] i K itemlist I INZY . FH24T list [low:high] = itemlisto
itemlist P Ak NULL, FoRMREA— 2508 (WD) . BhEhRE o, KK iR o IXH
Tii‘ff/\}\ﬁﬂ%%ﬂi%ﬂ‘ TR

int PyList_Sort (PyObject *list)

Xt list A% HBATIEHHRR . BRI 0, JRIKTR o EEMT list.sort (),
int PyList_Reverse (PyObject *list)
Xt list A% H AT IEUCRS . R IE] 0, R IKHRFIR o XEHEMT list.reverse (),
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PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. 12 Bl —ANE e %, HAES list NE: T tuple (list) .

8.4 FAMR
8.4.1 FHIUR

PyDictObject
XANPyobject HFRBEE—> Python FHXIR .
PyTypeObject PyDict_Type
Python “FIMBERIFIR K Py Typeobject LM, X5 Python 2T dict @AM XA,
int PyDict_Check (PyObject *p)
W p B WG B IR 7R L), WERFE.
int PyDict_CheckExact (PyObject *p)
WER p R F M GEA R F IR TR SBR[ .
PyObject* PyDict_New ()
Return value: New reference. 1R[]l — AN 2S 2L, SRR [9] NULL.
PyObject* PyDictProxy_New (PyObject *mapping)
Return value New reference. IR 8] types .MappingProxyType X4, FT 5% 34T HisedT A e
e SXIE TR E AR 1B AR sh AR S
void PyDict_Clear (PyObject *p)
T2 BT TS AT B
int PyDict_Contains (PyObject *p, PyObject *key)
i key XEE@Q%E% p e AR key IEEC b p WRE—T0, WWaR[E] 1, AMWGRIE 0 o & -1 3%
AN . X5 AT Python RKiAH key in p.
PyObject* PyDict_Copy (PyObject *n)
Return value: New reference. 1 IEI 5 p A5 AH R A R
int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
B key fERBERF val TEANFHL po key WA Rhashable; QIERANZE, WG| K TypeError. HIIH}
I 0, SRR —1. LERAL R AMAAT val 95

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
) key fF hy 8 A5 val 48 A B F M po key 244 const char*. B Xl 4 2 il A
PyUnicode_FromString (key) 'J@E’J JCHIEF IR A O, RMETIR E] -1, UMLK BT R A I
Xt val (51 H

int PyDict_DelItem (PyObject *p, PyObject *key)

Rl i p i key FIZCH o key AAZ52 AT G A 1Y 5 ﬂﬂ%?m, ﬂ"JAé'Iii TypeError, IRl
EP&ﬁkey, W 5| % KeyError. MIIHFRME 0, KR

int PyDict_DelItemString (PyObject *p, const char *key)
BT p R AT key SREMERI A H o WERTFIAEA key, WGk KeyError. M
AR[E] O, SR e —

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)

Return value: Borrowed reference. ML p H1iR B DA key HEEIRT S . QNS key NIFAE(H A X
B W ] NULL

FEFEMWLE, WH _hash. () Ml _eq () HFETFEWMEEASH W BE. X
HPyDict_GetItemWithError () i miiE .,

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () (A, BASHEMSEE. M5E L4
iR NULL Jf B — a4 AEREAAAENGR ] NULL Jf HAZRE— R
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PyObject* PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. ;X 5 PyDict_GetItem () —Ft, (B2 key ${F5E N const char*,
MARPyObject *,

TETENE, WH _hash__ () . __eq__ () FERGIE— AR FAF R G 7E A i
ARewihd . wHPyDict_GetItemWithError () IRFBEHRIRL,

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. iX R Python JZH ¥ dict .setdefault () —kE. IR key 1275,
BIRMIAEFH p X E. WEREEARAEAE, B XA defaultobj —iEiH AFF1& 0] defaultobj . iX
A BRECR IR key WIS Ay BRAL—IK, TN R AE A FRFIE AR 35

3.4 BRI HE.

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. iR [A|— A& i Frg S{H i Py ListObject,

PyObject* PyDict_Keys (PyObject *p)
Return value: New reference. 1R [Al—A~0 & 7 M TG 8 (keys) BPyListObject,

PyObject* PyDict_Values (PyObject *p)
Return value: New reference. 1R[] — A& FrG {H (values) [ PyListObject,

Py_ssize_t PyDict_Size (PyObject *p)
REFH AP H AL, ST X p T 1en (p) .

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
AT p R BEE . AR — YR R BOT IR A 1T, 1 ppos BT Y Py_ssize_t
WARRIIRAE S 05 2R ALK 7 i A AN AE R [P B, — BB BB EDA A A 52 SR IR 1]
fEfEL. &2 pkey Fil pvalue [ 244516 PyOb ject * Atk AR B A EAMEDR I, BiE®
A PA NULL. G BAT TR B AR5 | I E 2 RS  . ppos TER AR W E . B ERR N
R IEE R R A &, T ol T a5 R BT, I s TR

Fn:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
/* do something interesting with the values... */

}

U p N AZAES Dy B A AR O o A D, OB R A, EAUR TR E AR
KA. BIn:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PylLong_FromLong(i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
}
Py_DECREF (0) ;
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int PyDict_Merge (PyObject *a, PyObject *b, int override)
XF GRS b R AT R A, CRE B E W TR O B F M e bW AR — A, SR AT 32
HiPyMapping Keys () MPyObject_GetItem() WIXIS%., WE override B AE, WKL b
HARBAH R B @ b CAFTER A I B AEDO R e, 5 WNSRAE a rPrscAR [ 1 g ) 2 s
{EX o 2R IE] O B 25| A S ik ] -1

int PyDict_Update (PyObject *a, PyObject *b)
X5 C W) pyDict_Merge(a, b, 1) —#f, WZE{IT Python 1¥) a.update (b), 2 HIFE
TryDict_Update () JE5 “ANBHBA keys” JETERA & LR ENERERXT A P51 . 24 82
AR [E] O B 25| A SR I AR [A] -

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
K seq2 "R SEMEDN BORTE G HF BT a. seq2 WA AE AR JBEA 2 1 AR BR(EDAS Y T 3R 1 AT kA0
Ko BIAEREERGER, Q2R override EAENE /5 BRI o 2R M) 0 B 451 K
WPk -1, SEHEY Python ALY (R IEEERSE)

def PyDict_MergeFromSeqg?2 (a, seqg2, override):
for key, value in seq2:
if override or key not in a:
alkey] = value

842 £85I

XN T set Ml frozenset XfRIYA I APL, AR ARAE NS 9 RE e b2 i H 5
SR (BFEPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr (), PyObject_IsTrue(), PyObject_Print () DA KPyObject_GetIter())
B FE W2 B FE I (8 FPyNumber And(), PyNumber Subtract (), PyNumber_ Or(),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber__InPlaceSubtract (),
PyNumber_InPlaceOr () PAMPyNumber_InPlaceXor ()) Hifila.

PySetObject
X A~pyobject B KB4 ]l R RAF set Ml frozenset X R UG N M A . B KM
T ryDictobject, HRT/INRAFEARULE &2 M e R/ (RETTHm A=) , 3 H
X T H AR RO SR A R Ul B R4 1) B b gl A8 KN AR (ARG SR IAERE =) o« e 1k
() BN A F BT RE A8 o BT A VI IR Y. 24588 &5 A SCRI Y APLEJEST, TR W]
T AL BRGSO fEL
PyTypeObject PySet_Type
XE—APyTypeoObject SLfi, /R Python set 234,
PyTypeObject PyFrozenSet_Type
XZ— A PyTypeObject 5Efj|, /N Python frozenset 57,
AN ARG A 7508 T 48 4R Python X R FREE. LML, X B & Bt adE TR BT R A
Python X4,
int PySet_Check (PyObject *p)
R p @—1 set XFREGE & H TR LB R [0 L AE .
int PyFrozenSet_Check (PyObject *p)
W p 22—~ frozenset XRECHE & IHFIEAH TN [ EAE .
int PyAnySet_Check (PyObject *p)
W p B4 set X5, frozenset MR EEEH TIA R ILHI IR [0 EAH .
int PyAnySet_CheckExact (PyObject *p)
MR p B—> set MR E frozenset WA H T 2H i S35 IR 0] BAE

int PyFrozenSet_CheckExact (PyObject *p)
Wk p Z—A> frozenset XMZEAZ I TIERRYILHINR ] EAE .

PyObject* PySet_New (PyObject *iterable)
Return value: New reference. 12 [0l—/~8ii) set , FH AL iterable BT iR IR 42 . iterable T PA~A NULL
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FRAN A S A . IR RS, KRIGHHR ] NULL, W3R iterable SEPR B & AT %
RIFTRNE] % TypeError. % E A T4 V4ES (c=set (s)).

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. iR [8|—/ i) frozenset, H S iterable FTiR Bl RT 42, iterable 1]
PAK NULL RO — i S RE R G IR R RS A, R R ] NULL, 202R
iterable S5 PR ERXF R NG| % TypeError,

TN RECFI G T set B frozenset BYSLBIEEH TR AR M.

Py_ssize_t PySet_Size (PyObject *anyset)
R set B frozenset MR KE., ZNT len (anyset) . U5 anyset N2 set, frozenset
B FRAWSLHIN 22 5] & PyExc_SystemError.

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
TR PySet_Size (), AR,

int PySet_Contains (PyObject *anyset, PyObject *key)
SRR ELR R 1, SRR ERE] 0, USRI ERNRE -1, A[ET Python __contains__ ()
Tk, MR EOR 2 B 30 R TS Ay 1 58 A S i o Im B R G5 SR A AR key SRR AT RS Ay
XM 25| k& TypeError. 1M anyset Nj& set, frozenset By FIERM LGN &5 %
PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
N key B —A~ set 5L, W] T frozenset SLfl (F{UTFryTuple _SetItem(), BRI HH
RN EFHEEEATE N TR MR Z giE R ME) . RIEHRE 0, KA RE -1, aif
key RANTIRG Ay X RN 5] % TypeError. WIREAHK RN L5 % MemoryError, HIR ser
e set BHEHFLRBPSLAFINLF| % SystemError,

TGS T set SILTRMMIEH, (AT frozenser SILTHAMIH.

int PySet_Discard (PyObject *set, PyObject *key)
WERRFPIEALERRE] 1, SRR TCEAE) & o, QRSB ERMGERE] -1 ST AELER) B
A5 K KeyError, W key HARFIGAXT RN 5] K TypeError. AT Python discard ()
Tk, MWEREOAR 2 B3R PTG A AR A e A I I P VR ZE S 6 o AR set g set BHF2RAUN
SEFIN£5| k& PyExc_SystemError,

PyObject* PySet_Pop (PyObject *set)
Return value: New reference. 12 [0] set FALREXTZBHE I, I ser FREERZATSE . S WA 1R [F] NULL,
WMRELGHENET| % KeyError, UIFR set N2 set B{HEH TRBPLHIN 25| % SystemError,

int PySet_Clear (PyObject *set)

T 25 B L B A BT

8.5 EHHMR

8.5.1 EHINR

A —LeREE T Python R PREL
PyFunctlonObject

PRI C 254k
PyTypeObject PyFunction_Type
XE—APyTypeobject SEBIF KR Python pREIRA ., EAEH types.FunctionType [A] Python
PP AT
int PyFunctJ.on Check (PyObject *o)
2R o JE B GR CRA N PyFunction_Type) WERIEIE(H. BZLIAN NULL,

PyObject* PyFunction_New (PyObject *code, PyObject *globals)

Return value: New reference. R[] 5 ARHE N code FEBRIVIHT BT % . globals WA E—A~F M |
BT DAV A 42 R A i

%
)
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AR Xof 2 v P B pR B SCRY E AP ER RN 4 R . __module__ 23 M\ globals W4 EL . Z:%{ defaults, anno-
tations Fil closure %4 NULL. __ qualname__ V%55 BRE 44 FRAE R AME -

PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. 25{l)PyFunction_New (), {Bif AP ERBT LM _ _qualname_
JB1E. qualname J 242 unicode ¥f 4 8{ NULL; 1R Z NULL ] _ qualname_  B{EiX A5 H
__name__ JEYEMIFIAME.

3.3 B fE.

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. 12 0] 5 BRECT 4 op FEEHIFD T4 .

PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. 120 5 BRENT 4 *op* A EBHY LR T

PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. &0 BRECW 5 op W __module__ JEVE, B AH— & THEHAFR
FIAFER, (ER] DA Python ARG e AR [m] HAMAT BEXT 42

PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 32 7] BB 4 op IS EERAME . XA AR — S H0c4 B NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
B R op BCESHINE. defaults 16754 Py_None B—Iod.

KIGHTS % systemError S IfaRE] -1 .

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 12 [0 JER B B4 op B L. X 1] PASE NULL BY cell XFAR [ Ic4 .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
B BRI RS op WA closure Wo%5i°K Py_None B{ cell %4704 .

RG] & systemError S IR E] -1 o

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 3 [0 BREKT S op HIARTE . XA DA — N A] 28 2L NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BEE RS op BIFRTE . annotations W55 — 47315, Py_None,

KI5 % systemError R E -1 .

8.5.2 SLBIFHEMHR

S Ty PyCFrunction [ 2R, W PyCrunction G5B BRI LM —FBH . EFRTIE
ey PyMethod_New (func, NULL, class).

PyTypeObject PyInstanceMethod_Type
XA PyTypeobject SLAIAF Python SEBIT VAL EIFAXT Python FEJ7 AT
int PyInstanceMethod_Check (PyObject *0)
W2k o L BT IEX G B Py InstanceMethod_Type) WIR[EIEAH. EZS WM AN NULL.
PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. & [0l—ANH I SEFI RS, fune NoRWATE AT VH XIS, func 397554
TiERA A R BB o
PyObject* PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. i |8] 5B 2| 52 753 im BRI 4

PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 72 AR Py InstanceMethod_Function (), W& T ERMEM .
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8.5.3 HEMR

IIERGSER R BN R . IR SIS — D A E RISl RIFETE (FPER—1M
i) BT

PyTypeObject PyMethod_Type
XAPyTypeobject FBIfFR Python JikZEA, EVEN types.MethodType [1] Python £ )7/
.

int PyMethod_Check (PyObject *o)
R 0 BITIEM G CRAU N PyMethod_Type) MR MIF{H . FEZAUA N NULL,

PyObject* PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. 3R 8| — /NI T YER S, func N REE R[S, self %7V 45
FESER o HE T ERH I fune FVE R REHH o self WA NULL,

PyObject* PyMethod_Function (Py Obje(t *meth)
Return value: Borrowed reference. & 0] =2 J5¥E meth HIBREUT 4 .

PyObject* PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. 72 PyMet hod_Function (), B&ETEERKGI.

PyObject* PyMethod_Sel€£ (PyObject *meth)
Return value: Borrowed reference. & [0 5B 2| J7¥E meth HISEH o

PyObject* PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 72 PyMet hod_Self (), B&HE T ARG .

8.5.4 Cell X5

“Cell” X5 T 5L8 il Z2/ME 3G | i As & Xﬂ%/l\l_fﬁéﬂﬁﬂ* H, P “Cell” X5 TAFRE T
WAE: 5] FZIE R AR AE ZR 0 a3 AR B 5 [ AR I AR %E’JXT&FM’EH%@EE’J “Cell” 5[H. 117
ZER, SRR “Cell” A& Rg{E A m%ﬂ%ﬁ%ﬁ% XX “Cell” XFZIMAERERALIY G| TR
TERA RS PRI 2 B sl B AL BE P 2. “Cell” X G HoAtht T REA K H
PyCellObject

T Cell XF411) C Z51 14

PyTypeObject PyCell_Type
5 Cell RER PRI R
int PyCell_Check (ob)
IR ob J&—A> cell XFRNR B EAE; ob /AN NULL,

PyObject* PyCell_New (PyObject *ob)

Return value: New reference. G| H: 1% [0]—/ M5 (H ob HIHT cell X4 . FEZS 0] PAH NULL.
PyObject* PyCell_Get (PyObject *cell)

Return value: New reference. 10| cell 5142 cell 1 N

PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. 12 [0] cell X4 cell (N, (B2 cell B 4E NULL 3 H o h—A4~
cell XJ4 .,

int PyCell_Set (PyObject *cell, PyObject *value)
K cell X542 cell (NZEBEN value. TXRFRERAEATRT cell X424 177 N ZHIT]H - value TU\%I NULL,
cell 73R 3E NULL; WEREAZE—A> cell X NPFFR ] -1, A3 E B TR

void PyCell_SET (PyObject *cell, PyObject *value)
K cell W52 cell BKIEBCA value. ALVNEEG IR, I HASBATIM ARIEZ: 425 cell WAZ5HAE
NULL F# H H—A cell ¥4,
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8.5.5 LN

HIGXF4R ¢ CPython SEBIHRGLANTT o A MUE— B R P& B ek B b i T AT AU o

PyCodeObject
FATF RIS G G20 C G54 . IR A B Bl 5

PyTypeObject PyCode_Type
Rig—~PyTypeObject S, MR Python i code AU,

int PyCode_Check (PyObject *co)
MR co &— code XN [A] true,

int PyCode_GetNumFree (PyCodeObject *co)
&[5 co Y H HAE R

PyCodeObject* PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, Py-
Object *freevars, PyObject *cellvars, PyObject *filename, PyObject *name,
int firstlineno, PyObject *Inotab)
Return value: New reference. J& [0 — N F AN 5 o WNARARTEZE—A BB SR A1 @ — U
Wi, WM PyCode_NewEmpty (). W PyCode_New () EIEAVASRE FIMEWY Python A,
HEFAT Y E LA H A
PyCodeObject* PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,
int nlocals, int stacksize, int flags, PyObject *code,
PyObject *consts, PyObject *names, PyObject *var-
names, PyObject *freevars, PyObject *cellvars, PyOb-
Ject *filename, PyObject *name, int firstlineno, PyOb-
Ject *lnotab)
Return value: New reference. 23l T PyCode_New (), {BA7H —A~%i 4 posonlyargcount” T Y[R
(DA=2 ¢

3.8 BN fE.

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. 3 [ AT 11858 SCF44 « BRI IR — AT S HIFT AU 4 X T exec ()
8 eval () A WA SRR IR .

8.6 Hith¥tR
8.6.1 XHIR

X AP 20 A BSR4 Python 2 C APL /M L, "Bt RHOT C e ZEnf /O (FILE*)
SCRFo AE Python 3t SCPFMIRGEATEIAY 1o BEHR, XBIRAERIE R AR IRZR T Znh VO 2 b LT L
A2 TR R R BOR FT X LT APT B ERE C pUed, R TREAR 00 N R A A S B
=7 1o APL,

PyObject* PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,
const char *errors, const char *newline, int closefd)

Return value: New reference. f348 2 FT I 3044 fd W SCAAR AT —4> Python SCEXT 4 . S50 name,
encoding, errors | newline W] PA°K NULL FEn {0 BRAE s buffering V] DAK -1 Fern (i BRIAE . name
WSO T 10 R 3. RIMEFR ] NULL, A XS E 2 A, 55 10.open ()
PRI SR

i T Python i HA A CHZM)Z, HILFFENTS OS S HHIAFHE G 27 LA Fh e
(BIANEE I TSN ) o

TE 3.2 BUE M 20 name J@ 1
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int PyObject_AsFileDescriptor (PyObject *p)
55 p RERI SCAHE AR IR int o WERXFGOR 8L, MR HAR. WEREA, AR ZE
fileno () Y& (WIRAFLE) 5 % A AHR Ml —NREEL, BEBUE R SO A BB ] . % E 5
AR MR ] -1,

PyObject* PyFile_GetLine (PyObject *p, int n)
Return value: New reference. )T p.readline ([n]) , XPEREMNTE p FEE—FT. p WA
SRR AR readline () FEMAEASS. R nZ 0, WIIBIZATH I, FSBEH
—fTo W n KT 0%, MM ICPER BRI n A7 TR EIFFI 355 . AERXPIRME LT,
WUERASERIBE SO AR R, MR RS A7 (H2, W n /T 0, TG BE AN #f 2 Bl —4T,
R ARSI RR SR Z, W5 % EOFError,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
H# io.open_code () WIEHEATH, RHIES it by IR 7R A4 1% .

AEPRRR T 42— 2 PyObject * (*) (PyObject *path, void *userData) HJERZ%R, H
W path Waff N PyUnicodeObject.,

userData G5 2005 N TR T4 7 RACT RE AR AT IR, %485 A N B 4248 1)
Python JR7S.

BTN FEIIEF AR B, 36 R a T B 3 T 3 AR, BRIEC BT
LIRS B FH BAE sys .modules FA[ [,

—HWTHE, EMARPRREE, Z RN PyFile_SetOpenCodeHook () (AR5
W, WERAERES C AWAIRTE, BRECRFIR ] -1 FFiRE R

BRI DAL AE Py _Tnitialize () ZHiYEM .
51 & —A> #H11H$} setopencodehook, NFHFAETSEL.
3.8 FriIfE.
int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
FERFG obj BASLIER G p o flags ME—SCRFIARAGE Py_PRINT_RAW; WURZE, WHAXZRL
str () MMiAE repr () o BIIHRNLRIE O, JKIGHHRE] -1, KFECETE S BI5E
int PyFile_WriteString (const char *s, PyObject *p)
FEFATER s GASRS po R[] 0 RIBGRIA] - 15 K5 ARV 0

8.6.2 {RIRNTHR

PyTypeObject PyModule_Type
This instance of PyTypeObject represents the Python module type. This is exposed to Python programs
as types.ModuleType.

int PyModule_Check (PyObject *p)
Return true if p is a module object, or a subtype of a module object.
int PyModule_CheckExact (PyObject *p)
Return true if p is a module object, but not a subtype of PyModule Type.
PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. Return a new module object withthe ___name___ attribute set to name. The mod-

ule’s__name_ ,_ doc__,_ package_ ,and__ _loader__ attributes are filled in (all but __name___
are set to None); the caller is responsible for providinga ___file_ attribute.

3.3 B Ue.
JE 3.4 fR¥E P _ package_ _and _ loader_ are set to None.

PyObject* PyModule_New (const char *name)
Return value: New reference. Similar to PyModule NewObject (), but the name is a UTF-8 encoded
string instead of a Unicode object.
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PyObject* PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Return the dictionary object that implements module’s namespace; this
object is the same as the __dict___ attribute of the module object. If module is not a module object (or a
subtype of a module object), SystemError is raised and NULL is returned.

It is recommended extensions use other PyModule_* () and PyObject_* () functions rather than directly
manipulate a module’s __dict__.

PyObject* PyModule_GetNameObject (PyObject *module)
Return value: New reference. Return module’s __name___ value. If the module does not provide one, or if it
is not a string, SystemError is raised and NULL is returned.

3.3 BRI HE.

const char* PyModule_GetName (PyObject *module)
Similar to PyModule GetNameObject () but return the name encoded to 'ut£-8".

void* PyModule_GetState (PyObject *module)
Return the "state” of the module, that is, a pointer to the block of memory allocated at module creation time,
or NULL. See PyModuleDef.m_size.

PyModuleDef* PyModule_GetDef (PyObject *module)
Return a pointer to the PyModuleDef struct from which the module was created, or NULL if the module
wasn’t created from a definition.

PyObject* PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. Return the name of the file from which module was loaded using module’s
__file_  attribute. If this is not defined, or if it is not a unicode string, raise SystemError and return
NULL; otherwise return a reference to a Unicode object.

3.2 B .

const char* PyModule_GetFilename (PyObject *module)
Similar to PyModule GetFilenameObject () butreturn the filename encoded to ‘utf-8’.

32 MIGE R PyModule GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule GetFilenameObject () instead.

Initializing C modules

Modules objects are usually created from extension modules (shared libraries which export an initialization function),
or compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()). See
building or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule_ Create (), and return the
resulting module object, or request “multi-phase initialization” by returning the definition struct itself.

PyModuleDef
The module definition struct, which holds all information needed to create a module object. There is usually
only one statically initialized variable of this type for each module.

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_ HEAD_INIT.

const char *m_name
Name for the new module.

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.

Py_ssize_tm_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule_GetState (), rather than in static globals. This makes modules safe for use in
multiple sub-interpreters.

118 Chapter 8. AZHMRE



The Python/C API, %% 3.9.1

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m__f ree function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global
state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m_size is required for multi-phase initializa-
tion.

See PEP 3121 for more details.

PyMethodDef* m_methods
A pointer to a table of module-level functions, described by PyMethodDe £ values. Can be NULL if no
functions are present.

PyModuleDef _Slot* m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When
using single-phase initialization, m_slots must be NULL.

7 3.5 MU HE P Prior to version 3.5, this member was always set to NULL, and was defined as:
inquirym_reload
traverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_s1ize is greater than 0 and the module state (as returned
by PyModule GetState ())is NULL.

TE 3.9 fH 2 No longer called before the module state is allocated.

inquirym_clear
A clear function to call during GC clearing of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

TE 3.9 B 2 No longer called before the module state is allocated.

Jfreefunc m_£free
A function to call during deallocation of the module object, or NULL if not needed.
This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).

More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

TE 3.9 RS ¥ No longer called before the module state is allocated.

Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as "single-
phase initialization”, and uses one of the following two module creation functions:

PyObject* PyModule_Create (PyModuleDef *def)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Createl () with module_api_version set to PYTHON_API_VERSION.

PyObject* PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Create a new module object, given the definition in def, assuming the
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API version module_api_version. If that version does not match the version of the running interpreter, a
RuntimeWarning is emitted.

{Efi:  Most uses of this function should be using PyModule Create () instead; only use this if you are
sure you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using func-
tions like PyModule_ AddObject ().

Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way
behave more like Python modules: the initialization is split between the creation phase, when the module object is cre-
ated, and the execution phase, when it is populated. The distinction is similar tothe __new___ () and __init__ ()

methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry
is removed and the module is re-imported, a new module object is created, and the old module is subject to normal
garbage collection -- as with Python modules. By default, multiple modules created from the same definition should
be independent: changes to one should not affect the others. This means that all state should be specific to the module
object (using e.g. using PyModule_GetState ()),or its contents (such as the module’s ___dict__ orindividual
classes created with Py Type_FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple
modules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDef in-
stance with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the
following function:

PyObject* PyModuleDef_Init (PyModuleDef *def)
Return value: Borrowed reference. Ensures a module definition is a properly initialized Python object that
correctly reports its type and reference count.

Returns def cast to PyObject*, or NULL if an error occurred.
3.5 Bl e
The m_slots member of the module definition must point to an array of PyModuleDef_Slot structures:

PyModuleDef_Slot

int slot
A slot ID, chosen from the available values explained below.

void* value
Value of the slot, whose meaning depends on the slot ID.

3.5 B fE.
The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create
Specifies a function that is called to create the module object itself. The value pointer of this slot must point
to a function of the signature:

PyObject* create_module (PyObject *spec, PyModuleDef *def’)

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should
return a new module object, or set an error and return NULL.
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This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynam-
ically adjust to their place in the module hierarchy and be imported under different names through symlinks,
all while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_Type. Any type can be
used, as long as it supports setting and getting import-related attributes. However, only PyModule_Type
instances may be returned if the PyModuleDef has non-NULL m_traverse,m_clear, m_free; non-
zero m__size; or slots other than Py_mod_create.

Py_mod_exec
Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python
module: typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject* module)
If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

See PEP 489 for more details on multi-phase initialization.

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used directly,
for example when creating module objects dynamically. Note that both PyModule_FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. Create a new module object, given the definition in module and the Mod-
uleSpec spec. This behaves like PyModule_ FromDefAndSpecZ2 () with module_api_version set to
PYTHON_API_VERSION.

3.5 B fE.

PyObject * PyModule_FromDefAndSpec2 (PyModuleDef  *def,  PyObject *spec, int mod-
ule_api_version)
Return value: New reference. Create a new module object, given the definition in module and the ModuleSpec
spec, assuming the API version module_api_version. If that version does not match the version of the running
interpreter, a Runt imeWarning is emitted.

{Eff: Most uses of this function should be using PyModule FromDefAndSpec () instead; only use this
if you are sure you need it.

3.5 B fE.

int PyModule_ExecDef (PyObject *module, PyModuleDef *def)
Process any execution slots (Py_mod_exec) given in def.

3.5 B RE.

int PyModule_SetDocString (PyObject *module, const char *docstring)
Set the docstring for module to docstring. This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 BRI HE.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Add the functions from the NULL terminated functions array to module. Refer to the PyMethodDe f doc-
umentation for details on individual entries (due to the lack of a shared module namespace, module level
“functions” implemented in C typically receive the module as their first parameter, making them similar to
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instance methods on Python classes). This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 B fE.

Support functions

The module initialization function (if using single phase initialization) or a function called from a module execution
slot (if using multi-phase initialization), can use the following functions to help initialize the module state:

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Add an object to module as name. This is a convenience function which can be used from the module’s initial-
ization function. This steals a reference to value on success. Return —1 on error, O on success.

{i:f#: Unlike other functions that steal references, PyModule_AddObject () only decrements the refer-
ence count of value on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on
error. Example usage:

Py_INCREF (spam) ;

if (PyModule_AddObject (module, "spam", spam) < 0) {
Py_DECREF (module) ;
Py_DECREF (spam) ;
return NULL;

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Add an integer constant to module as name. This convenience function can be used from the module’s initial-
ization function. Return —1 on error, 0 on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Add a string constant to module as name. This convenience function can be used from the module’s initialization
function. The string value must be NULL-terminated. Return —1 on error, 0 on success.

int PyModule_AddIntMacro (PyObject *module, macro)
Add an int constant to module. The name and the value are taken from macro. For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF_INET with the value of
AF_INET to module. Return —1 on error, 0 on success.

int PyModule_AddStringMacro (PyObject *module, macro)
Add a string constant to module.

int PyModule_AddType (PyObject *module, PyTypeObject *type)
Add a type object to module. The type object is finalized by calling internally Py Type Ready (). The name
of the type object is taken from the last component of ¢ p_name after dot. Return —1 on error, 0 on success.

3.9 BRI HE.
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Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter.
This allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can
be created from a single definition.

PyObject* PyState_FindModule (PyModuleDef *def')
Return value: Borrowed reference. Returns the module object that was created from def for the current
interpreter. This method requires that the module object has been attached to the interpreter state with
PyState_AddModule () beforehand. In case the corresponding module object is not found or has not
been attached to the interpreter state yet, it returns NULL.

int PyState_AddModule (PyObject *module, PyModuleDef *def)
Attaches the module object passed to the function to the interpreter state. This allows the module object to be
accessible via PyState_ FindModule ().

Only effective on modules created using single-phase initialization.

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary (but harm-
less) to call it from module initialization code. An explicit call is needed only if the module’s own init code
subsequently calls PyState_FindModule. The function is mainly intended for implementing alternative
import mechanisms (either by calling it directly, or by referring to its implementation for details of the required
state updates).

The caller must hold the GIL.
Return 0 on success or -1 on failure.
3.3 Bl Tfe.

int PyState_RemoveModule (PyModuleDef *def )
Removes the module object created from def from the interpreter state. Return O on success or -1 on failure.

The caller must hold the GIL.
3.3 iR IIEE.

8.6.3 XM ZBIK

Python $2fit TPl ARG R . SB— DR FIIEES, BRI __getitem () HARIERERF
B o B A AT IR G — A sentinel {, )75 A AR DR T AT XER , FFAER ] sentinel i
IS5 HEA

PyTypeObject PySeqIter_Type
pySeqglter_New () IRINGEACERA GBS RZAINE PP RN E R AL iter O BIERSHIE.

int PySeqIter_Check (op)
W op KRB/ PySeqliter Type Mk true,

PyObject* PySeqIter_New (PyObject *seq)
Return value: New reference. & [n]—~ 558 FLF 510 G — il 1 k088 seq. 4T HT F#RAET | &
IndexError B, #ELEEH,

PyTypeObject PyCallIter_Type
His$Pycalliter New () fl iter () WEREIMSEOLA R B LR IRT RERI L

int PyCallIter_ Check (0p)
W5 op BB Pycalllter Type MR (A true,

PyObject* PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. iR — " BIEREF. B— B3 callable W] DL ATAR] W] DALEIRH S50
(GO R Y Python RIYE TN s A YR AR R BIE R I~ —3TH o Y4 callable 3% 8] %
T sentinel (fEI, EARFE L.
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8.6.4 HARFFIR

‘L}—H‘

ARF” SEIAR GBI R . ENAAE TR R 7l

PyTypeObject PyProperty_Type

B IAFT IR 42

PyObject* PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)

Return value: New reference.

PyObject* PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)

Return value: New reference.

PyObject* PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)

Return value: New reference.

PyObject* PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped )

Return value: New reference.

PyObject* PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method )

Return value: New reference.

int PyDescr_IsData (PyObject *descr)

WSR2 descr HEABIREME, WERE true; WHEHGA Y, WR[E] false., descr WA HEA
FIXTS s A E IR

PyObject* PyWrapper_New (PyObject *, PyObject *)

Return value: New reference.

8.6.5 YR X

PyTypeObject PySlice_Type

DIRAMGHZEAXT R . ©5 Python JRII Y s1ice EMFRIMIXIER .

int PySlice_Check (PyObject *ob)

MR ob J2— VIR XTSRRI EAE ;. ob W54 A NULL,

PyObject* PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

Return value: New reference. I [n|—A> BG4 B HIEH I R %14 . start, slop 1 step 529 FAVE slice
XF G AH Y. 44 BRI S PR A ﬁﬁbﬁ*ﬁﬁﬁ17~/\%‘f$_fldxﬁ NULL, FERXAMEILTRHEH None {25
XF I BB . QR FTRT R IG5 B3R [B] NULL,

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step)
MR X slice HEHL start, stop Fl step K515, RHFH KN length. T length {15 5K 24
(o
SRR O, SRR E] -1 H HARERE (RIEHEAFIS AN None HICEBEAR R HEAL,
TEXAME I T 2k ] -1 HIE— A7) .
PRATREAN 2T 56 T I Bk

TE 3.2 UM Z B slice ESHES AR PySliceObject*,

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step, Py_ssize_t *slicelength)
PySlice_GetIndices () WA &N MU N5 slice $EHL start, stop il step 5[5, ¥FHK
FERR A length, K9] i WK FEQRAFAE slicelength w1, J IR 552 LA S E-@E Y] —Ei =
AT

SR ] O, IR ] -1 I HAN BB R

W RO TR A KON TR VLR N LA . X R A PySsTice_Unpack ()
MpPyslice AdjustIndices () A, Hp
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if (PySlice_GetIndicesEx(slice, length, é&start, &stop, &step, &slicelength) <o
—0) A
// return error

}

KPR

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error
}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

JE 32 R Z Hi slice B SIHE PySliceObject *,

JE 3.6.1 M U5 py_LIMITED_API REEIIXE N 0x03050400 5 0x03060000 2 [A]HY
i (RFEHA) 5% 0x03060100 BB AN PySlice_GetIndicesEx () &x¥sC Il k—AM i
PySlice_Unpack () #l PySlice_AdjustIndices () %E. Z4X start, stop Kl step S WK
E.

361 RIGER%: WH py_LIMITED_API & B N/NTF 0x03050400 B 003060000 5
0x03060100 Z[A)MME (NEIEBFAR) W PySlice_GetIndicesEx () NEF KL

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
MY] % G o start, stop I step 5 i SR ICH C B840, WM KT PY_SSTZE_T_MAX
HI{E JK /N5 PY_SSIZE_T_MAX, ¥ ERHL ¥ /NT PY_SSIZE_T_MIN [ start il stop {H 3 KK
PY_SSIZE_T_MIN, FH¥ERMNE/NT -PY_SSIZE_T_MAX H step {HIM KN -PY_SSIZE_T_MAX,

AR -1, AR [E] 0
3.6.1 I E.

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize t *start, Py_ssize_t *stop,
Py_ssize_t step)

Hf start/end Y )1 RG-SR E 79 K BEREATINEE . B IHTERI RG-S 2 55 @Y — B 07

KT
BB . R R 2. A2 Python fUH5.
3.6.1 Fr I fie.

8.6.6 Ellipsis 3%

PyObject *Py_Ellipsis
Python ff] E11ipsis X4, MMRBEALIT L. B A GALATHARS G — R T XBEE5
. E5Py_None —fFHE T HRBIMAR.

8.6.7 MemoryView &

—/> memoryview R CRHMLZ RIE 7 FFEN— 0] PABALATHAD XS — #1211 Python X4 .

PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. MFEEGZ i DX 11 (X5 A 28 memoryview X5, IR obj (4¢P 5 Lok
X, W memoryview X GRF Al AR B/, 5B AT RE KR, dnl DA T s BATHUE R
B,

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)

Return value: New reference. ¥ [l mem 1k} )2 2% vf XA & — > memoryview Xf 42, flags 1] PA 2
PyBUF_READ (¥ PyBUF_WRITE . —.

3.3 B .
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PyObject *PyMemoryView_FromBuffer (Py_buffer *view)
Return value: New reference. f1)7#— MM & 45 € Zeif X 4544 view 1Y) memoryview XF 4. T f B
WHEMIX, PyMemoryView FromMemory () &M PEEREL.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. M g LGP X 3% 0 X541 B —A~ memoryview X G2 contiguous PIF7H
(#£°C 8 ’Fortran order #1) . W1 N2 SN, W memoryview XF 4R35 A R IANAF. S0, &2 HlH
H. memoryview F8[i] 1) bytes %4,

int PyMemoryView_Check (PyObject *obj)
TR X5 obj /& memoryview X152, NR[E] true . H A RGFE) 7 memoryview B T35,

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
1R [H] 3§ 1] memoryview )5t & i IXFAA B A 55T . mview #5205 — 1> memoryview SCf1 5 XN 7%
AR TR, JRUATHE CARAT, 75 AR I 3 15 XU o

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
iR 5 memoryview P E T By T b X Z w9 f5 £, B FH W0 R memoryview L H OB
%ﬂleMemoryView_FromMemory () ﬁPyMemoryView_FromBuffer () ﬁIJ £ ] 1% [B] NULL,
mview B — memoryview SL .

8.6.8 §55| AR

Python 3ZH5 “5595| 117 MR . BMARUL, AWM EIZLIET XS H—Mpt2 i sms]
FIXSG, 2 ARl REHAE I N — RS G AR

int PyWeakref_Check (ob)
W “ob” A5 HECE MU S, WERE—AS true.

int PyWeakref_CheckRef (ob)
R “ob” JE—AN5IH, WRM true.

int PyWeakref_CheckProxy (ob)
R “ob” E— MRS, WRME true.

PyObject* PyWeakref NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. iR [H]X} 42 ob [F)— 5551 X 4. ZERELE &Rk Bl—N 5 i, |
ARIEAN A HRTS; ERERRREANAERSI NS 5 AES callback J—> 1]
X%, BT ob Bi/E Bk MU BHEZIGE A BN % — N RMIES, BE5 XN EA S,
callback 7] P None 5 NULL, {15 ob N2 N5951 HIXIS, S MR callback A2 ] i X}
4 . None B{ NULL, ZR¥CER[E NULL 3+ H5| % TypeError.,

PyObject* PyWeakref_ NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. iR [FIXF 4 ob [1]—1~555] FIABEXT S . % eRECRE B2 R Bl — 851
{EARRIEQIE AR S BA RBR M — A AR B S . 85— ANMEZ callback “h—A~1] 1]
XS, BT ob B/ Bk FIR B IGE A BN ZEg N RMIES, BISs AXEA g,
callback 1] PR None B¢ NULL, 1R ob AN @&—A~5951 XS, B R callback A~ 2 W& X
4. None BY, NULL, ZKRFCER[E NULL 3+ H5| % TypeError.,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. 32 [0 555 | X142 ref Wk X2 . RS | A2 ATAALE, W)

iR [H] Py_None.,

At PR BRI G R GA) A ** ERAYTIH ** XRRE BRARARARE REAE AR B 39 )i 4>
XERA T e, B MRROZIG AR RS R Py_INCREF ()

PyObject* PyWeakref_GET_OBJECT (PyObject *ref)
Return value: Borrowed reference. 23{l)Pyiieakref GetObject (), {BEEIN—AASEEG LT

Vel

/N
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8.6.9 Capsule %&

A RAR FX BERT R 5 2215 75 S ) using-capsules..

3.1 %ﬁﬂﬁiﬁ HB

PyCapsule
XA Pyobject MFIBMRE—AFRmIME, &M T FF 2R RBE (1Eh void #54t) i@ id Python
PR 1 36 21 HiAt C AURS Y C 4 BB . B R E PRI E— MBI 7 S C s8R S AR
Perpra] i, SRR RT DA A AL R U7 ) ZE s A # i b e S C APIL

PyCapsule_Destructor

Capsule [ATHAE IR & AR :

typedef void (*PyCapsule_Destructor) (PyObject *);

Z i PyCapsule New () F¥3RHL PyCapsule_Destructor 1% [Al{H [ 1E

int PyCapsule_CheckExact (PyObject *p)
MR SR —APyCapsule Nk [A True

PyObject* PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. f)|— A 5% T pointer [{jPyCapsule. pointer 27 0] DA K NULL.

TE R WO B — A S5 4R M) NULL,

FAFER name W] PAJE NULL 8@ — M8 A R0 C FAFER RS . QRA S NULL, 245 5 b
ML capsule K (B ARVFALE destructor FREICE . )

IR destructor ZH0A ) NULL, W24 & 9l 5 B RRE BT capsule VE S HCERTEHH -
St capsule Rf gE AR AE N — A BLHAE M, W name [V Y4 B F5 2 A modulename.
attributename. X¥F AFHAMMBIYF T PyCcapsule Import () 5 AN capsule,

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)

PEUURAEAE capsule W) pointer, HER W5 & A5 1% 7] NULL,

name J&Z: WM 5 RAFAE capsule WY PRI TR LU . WIERERAFAE capsule Hf¥ 44754 NULL, W
15 AHY name W05 NULL., Python 2x{fiff] C iK% strcmp () 3K H% capsule & F5 .

PyCapsule Destructor PyCapsule_GetDestructor (PyObject *capsule)

R B PRAFAE capsule H Y BINTAORS o 76 SR MORHE B — N 78 IR [B] NULL.,

capsule H. 45 NULL #7 # &% & & % M. X & (15 NULL R [ A A 4 X 3 i
HPycapsule IsValid() B{PyErr Occurred () FJHEE X,

void* PyCapsule GetContext (PyObject *capsule)
AR [ PRAFALE capsule HHRY 4T SCo TR IBUR BB —> 57 I & 0] NULL,

capsule H A NULL | F 32 &K K. X & 45 NULL 0& [0 14 L G 3
HPycapsule IsValid() B{PyErr Occurred () FiHEEE X,

const char* PyCapsule_GetName (PyObject *capsule)

R [ RAFAE capsule HH 4 BT FR . 7E I M BB — AR 8 H4& [F] NULL,

capsule H 7 NULL % % 2 & & M. X & 15 NULL & [ 8 F 2 i G 5 il
HPyCapsule Isvalid() 8{PyErr_Occurred () JEJEEE L.

void* PyCapsule_Import (const char *name, int no_block)
M— LAY capsule J& T A$E W) C X R T8 4. name TS WV 445 E BHN BB AR, 5
module.attribute H—3. FRIEFE capsule T name Wi 55 4 LR 40 o TR no_block
SHEAE, WIPATCPHZER K ALY (f Py Import_ImportModuleNoBlock ()). U no_block
MR, WIPAMEGR S AR ([ Py Import_ImportModule ().

IR [F] capsule [ PYHED 484t . TR M B — R IR M NULL,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
14 5E capsule 215 =— A - AR capsule WM A A NULL, f£i# PyCapsule CheckExact (),
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wH AP A AN NuLL g A, FHHE N EAKRE name XS M ILE.  (iF 2
i pyCapsule _GetPointer () T fUfarxt capsule% RIEAT LR A M5 R )

Pea)iEYL, MR PyCapsule_IsvValid () iRFIEAE, WATMXIiH#E (PA PyCapsule_Get () JF
SLHATAT AL TR AR ORI 2 ) o

RN QARG TR AR FRGR [ AR, BIaRE 0. BLeRE—E A2 K.

int PyCapsule_SetContext (PyObject *capsule, void *context)

¥f capsule PRI _E R SCHEETHBEN context .
JREIIIR ] 00 SRR [l R A I BB — A

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)

Y- capsule WERINTHY#SE A destructor .
BUEHRE] 0 SRMES IR B HE A I R —A 7

int PyCapsule_SetName (PyObject *capsule, const char *name)
K capsule WEFHIZFRBN name. GIFAH NULL, WA FRAFAAE ALY capsule BEAC . AR Z i
FRAFAE capsule H1) name N>k NULL, MIASZAREE .

JREI IR ] 00 SRR [l R BRI BB A S

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

Kf capsule ]R3 454 BEA pointer . f5EH ATl NULL,
JREIIR ] 00 SRR [l R A I BB — A

8.6.10 A piEXIR
Az i 42 2 Python SR SEEUAE AR AUAR O & AT T3E AR R R EOR B, AR 2

LR PyGen_New () B{PyGen_NewWithQualName (),

PyGenObject

T HE AR AT S C S5t 1A
PyTypeObject PyGen_Type
SRS R o UE SUIATIE RO
int PyGen_Check (PyObject *ob)
WA ob j2— A EINEA R IR B EL{E; ob 7N NULL,

int PyGen_CheckExact (PyObject *ob)
W2 ob KRN PyGen_ Type WERITEAE; ob WA K NULL,

PyObject* PyGen_New (PyFrameObject *frame)
Return value: New reference. J£T frame YR AN HH & [l —SH A0 A g xT 5. RS BUE — A
frame {5 . SR NULL,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. J:T frame Yt LG R Ml — A H A g4, Hd _ _name_
__qualname__ %} name Fl qualname. BCeREBGE—AXF frame BI5|1 1 . frame ZH LR H
NULL,
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8.6.11 {hiZ¥sR

3.5 B IhE.
IR RIZ I async SBE P B R £l a1 Y .
PyCoroObject
TN G C S5H 1A
PyTypeObject PyCoro_Type
SRR AR 42
int PyCoro_CheckExact (PyObject *ob)
2R ob M Z Py Coro_Type WERIEEE; ob /AN NULL.

PyObject* PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. £ frame X} 5 AN & I 1% [l — N H A REXT %, H _ name_ Al
__qualname__ XN name 1 qualname. WREIEHAG—XT frame 5. frame ZEHIAR R
NULL,

8.6.12 F T TEMR

TEMR: 75 3.7.10 R AE Python 3.7.1 Py ETRSCEE R C APL A 1 WBUCHE ] Pyob ject $7EH

MAEPyContext, PyContextVar P\ PyContext Token, fFlUl:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

THZ [ bpo-34762 T RN .

3.7 B ge.
FTRANG T contextvars fE R H C AP,

PyContext
F T3/~ contextvars.Context X4 C Z5HA,

PyContextVar
T3R8 contextvars.ContextVar XfRAY C MK,

PyContextToken
TR contextvars. Token XJRA) C Z5HK,

PyTypeObject PyContext_Type
PR context BRI RAINT G

PyTypeObject PyContextVar_Type
FEIR context variable ZER I ZRTIN 52

PyTypeObject PyContextToken_Type
278 context variable token JST ISR 42

FRG AT -
int PyContext_CheckExact (PyObject *o)
W o WA R pyContext_Type WEREIEAH . o AR A NULL, BLRREUE &SR AT.

int PyContextVar_CheckExact (PyObject *o)
W 0 KA PyContext Var_ Type MR E(H. o IIAN NULL. HHELE R 2 MEHAAT.
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int PyContextToken_CheckExact (PyObject *o0)
R o WREL N PyContext Token Type MR E(H. o WAURA NULL. HREUR 2 BMIIPAT

RSO R R A

PyObject *PyContext_New (void)
Return value: New reference. Bl — )25 1R OSSR kA #5 W)3R [9] NULL,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. BT % A cox bR SONGIAEHE DL, WS 4 AR 4515 3R 8] NULL.

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. |24 HT&AE N SCHIEFE Vo 2R & A AR NI W] NULL,

int PyContext_Enter (PyObject *ctx)

B cox B BTAARRT 2 HI_E R 30, SRR 0, HE IR E] -

int PyContext_Exit (PyObject *ctx)
BOHHASG coc BT SO Z iR B SCRE 9 4 AT R 24 i 7R 30 iRl o, A R 0]
_1 o

o &S
PyObject *PyContextVar_New (const char *name, PyObject *def’)

Return value: New reference. 78— A~HH)° ContextVar ’ XJ4% ., % *name* ] T H AKX H
1. WIETES *def* Jhy bR SR RAEEBOME. WERAAERTR, XD EREORE NULL .
int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)

ARPE T SRR, WPRAEE AR R AR R, Rk, WERECA R AR, ok ik
FIE, #REC0°,

WERAR BN BFSCUE S, value ¥EZAR I EIHEE . IR BN OB R B KB, value X5d5 1) :
* default_value, YNH-IE “NULL*,
* var [ERAAME, WA E NULL;
* NULL

WERIRBZAE, RECHQIEXT BRI .

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 162451 _F N SCH ¥ var IW{HIE N value. 1R [B1$E 1] PyObject XIS4T,
TSR A R 3R ] NULLL

int PyContextVar_Reset (PyObject *var, PyObject *token)
S N % var FPRAS BB N EFEIR ] token [F)PyContextVar_Set () YIHZ AR, 1
BREURENINR I 0, HAS IR IE] -1,

8.6.13 DateTime Y&

datetime BLHEMUL T A Fh H BRI B RIXT G2 . FEM R AR A3k S8 s B 2 1, 0 A0 FE AR B YRAS Hh A 3k S
14 datetlme h G HE S RS Python h ), ﬁﬂf PyDateTlme_IMPORT AT K
I, S NE ] UG AL R B — 47 Fofe e C S5 IBEHIA — N SE &
PyDateTlmeAPI H, B N KM .

Z1Jj1A] UTC HAfi):

PyObject* PyDateTime_TimeZone_UTC
Rl FER UTC gB XS], 5 datetime.timezone.utc H[FE—X4 .

3.7 B e
RS AT

int PyDate_Check (PyObject *ob)

W3R ob 2}y PyDateTime_DateType M al PyDateTime_DateType HIFAST-ZEH NI B HAH.
ob INfiE>h NULL,
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int PyDate_CheckExact (PyObject *ob)
ISR ob S PyDateTime_DateType KAINRE|BElH. ob ANAEN NULL,

int PyDateTime_Check (PyObject *ob)
N ob f) PyDateTime_DateTimeType 2K al PyDateTime_DateTimeType HJFE/AST 2
MR B FfH . ob ANFER NULL.

int PyDateTime_CheckExact (PyObject *ob)
ISR ob " PyDateTime_DateTimeType KANREIEAE. ob AEEN NULL,

int PyTime_Check (PyObject *ob)
A ob B2 PyDateTime_TimeType B2 PyDateTime_TimeType )TN [0 BH.
ob WAIAS " NULL,

int PyTime_CheckExact (PyObject *ob)
R ob (TR PyDateTime_TimeType NR[E EH., ob VoA A NULL,

int PyDelta_Check (PyObject *ob)
I ob k) PyDateTime_DeltaType KHIE; PyDateTime_DeltaType [HHFATZEHI N M E
{H. ob INfEN NULL,

int PyDelta_CheckExact (PyObject *ob)
L4 ob 2k PyDateTime_DeltaType ZHINR I B . ob ANHEHN NULL.

int PyTZInfo_Check (PyObject *ob)
4R ob 2y PyDateTime_TZInfoType KAlE PyDateTime_TZInfoType HHA AN [H]
EH. ob INfE N NULL,

int PyTZInfo_CheckExact (PyObject *ob)
N5 ob A2 PyDateTime_TZInfoType NIR[EIE H. ob AHE N NULL,

i NclfertE Sip

PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. IR[|38E4H. A. HM) datetime.date X4,

PyObject* PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second,

int usecond)
Return value: New reference. 12 [B| LA 35 7E year, month, day, hour, minute, second £/ microsecond J&{4: 1)

datetime.datetime X4,

PyObject* PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,
int second, int usecond, int fold)
Return value: New reference. 1% [0 A A5 5 %€ year, month, day, hour, minute, second, microsecond #1 fold J&
Py datetime.datetime %4,

3.6 FRIgE.

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. 1% W] .45 $5 %€ hour, minute, second and microsecond J& 41 datetime.

time X4,

PyObject* PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. 12 [8] H.75 45 %€ hour, minute, second, microsecond A/l fold J&4#Y) datet ime.

time X,
3.6 FriRUEE.

PyObject* PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. 12X ELER . WAL datetime. timedelta X4 ., AT
TERAC B DARE e A R RP FIAD AL TE datetime . timedelta X4 SCRYHE IR IX EZ
PyObject* PyTimeZone_FromOffset (PyDateTime_DeltaType* offset)
Return value: New reference. 12 [B]—/~ datetime.timezone X}4, ZN S EG VA offset ZHFERT
ESTEATENEEN

3.7 B
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PyObject* PyTimeZone_FromOf fsetAndName (PyDateTime_DeltaType* offset, PyUnicode* name)
Return value: New reference. R [n]—/~ datetime.timezone XI5, ZXREMAG VA offset ZEFR RN
[F] 78 B 22 AN} X 4 B name.,
3.7 Hi e

— BB ok M date X g P EEBUF B . S HL 12 PyDateTime_Date 4 4% 3 128 (i
PyDateTime_DateTime) (5B, SEMUHUAN NULL, H HRBAE 2

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
PATEFEEA T 20k B A A E

int PyDateTime_GET_ MONTH (PyDateTime_Date *0)
RMELH, A0 F] 12 (%L

int PyDateTime_GET_ DAY (PyDateTime_Date *0)
REH T, A0 2] 31 BEEL

— LR datetime Xt 52 PRI BN % . SR PyDateTime_DateTime ffFH T-RMLH]. 2
B AR NULL, F HRBUR S P #:
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *o0)
R EINEE, A0 2] 23 BEAL
int PyDateTime_ DATE_GET_MINUTE (PyDateTime_DateTime *0)

REM, A0 F S HEEL

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
REIFR, MO F] 59 R

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
IR FIED A0 F] 999999 HE%L .

— LR time X G PR ICF B L . S EULAE PyDateTime _Time WG H RG] SHULIM
ARANULL, I HERBA LA
int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *o)
AR/, A0 2 23 YRR
int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *o)
A P NNV ISR UL 5 @
int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
IREFR, MO F 59 (R

int PyDateTime_TIME_GET_ MICROSECOND (PyDateTime_Time *o)
IR BEY, A O 5] 999999 (1%

—LEHR M timedelta X[ I BN % . SHA 2 PyDateTime_Delta WHFH FRAGLH]. S5
WM A NULL, I HRBUR S A

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
PRI FHL, M-999999999 F| 999999999 [tk ki,

3.3 BN fE.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *o0)
REAEL, M0 3] 86399 LY.

3.3 B RE.

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *o)
R AL, A0 F] 999999 HFEEEL.

3.3 B IIE.
— B TR SE P DB API (%%
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PyObject* PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. )| 731 0] — 25 B ICH SN HT datetime.datetime X4, EH
fE45 datetime.datetime. fromtimestamp () »

PyObject* PyDate_FromTimestamp (PyObject *args)
Return value: New reference. Q1R [0l —A~25 2 TS HAIH datetime.date X5, EHESH
datetime.date.fromtimestamp (),
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CHAPTER 9

Initialization, Finalization, and Threads

1S [ Python #1456 1LECH o

9.1 # Python #ig{t 280

In an application embedding Python, the Py_Tnitialize () function must be called before using any other
Python/C API functions; with the exception of a few functions and the global configuration variables.

TERIIRAE Python 2 Jil, AT DAL 4 il I AR B 4K
o TICEpRAL:
— PyImport_AppendInittab ()
— PyImport_ExtendInittab ()
— PyInitFrozenExtensions ()
— PyMem SetAllocator ()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator ()
— Py_SetPath()
— Py SetProgramName ()
— Py_SetPythonHome ()
— Py SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption ()
— PySys_ResetWarnOptions ()
H PR
— Py _IsInitialized()
— PyMem_GetAllocator ()

— PyObject_GetArenaAllocator ()
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Py_GetBuildInfo()

Py_GetCompiler ()
— Py _GetCopyright ()
— Py_GetPlatform()
— Py _GetVersion ()
« TH
— Py_DecodeLocale ()
© WAFM SR :
— PyMem_RawMalloc ()

— PyMem_RawRealloc ()

PyMem RawCalloc ()

— PyMem_ RawFree ()

o i DL F BB %t A W E FEPy Initialize(): Py_EncodeLocale (),
Py_GetPath(), Py_GetPrefix(), Py_GetExecPrefix(), Py _GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () %l]PyEval_InitThreads () ﬁﬁﬁ])ﬂc

9.2 2REETE

Python has variables for the global configuration to control different features and options. By default, these flags are
controlled by command line options.

When a flag is set by an option, the value of the flag is the number of times that the option was set. For example, —b
sets Py BytesWarningFlagto 1 and —bb sets Py BytesWarningFlag to 2.

int Py_BytesWarningFlag
Issue a warning when comparing bytes or bytearray with str or bytes with int. Issue an error if
greater or equal to 2.

HE‘ -b iﬁIﬁﬁﬁo

int Py_DebugFlag
Turn on parser debugging output (for expert only, depending on compilation options).

Set by the —d option and the PYTHONDEBUG environment variable.

int Py_DontWriteBytecodeFlag
If set to non-zero, Python won't try to write . pyc files on the import of source modules.

Set by the —B option and the PYTHONDONTWRITEBYTECODE environment variable.

int Py_FrozenFlag
Suppress error messages when calculating the module search path in Py_GetPath ().

Private flag used by _freeze_importlib and frozenmain programs.

int Py_ HashRandomizationFlag
Set to 1 if the PYTHONHASHSEED environment variable is set to a non-empty string.

If the flag is non-zero, read the PYTHONHASHSEED environment variable to initialize the secret hash seed.

int Py_IgnoreEnvironmentFlag
ZWE A PYTHON* FfEA8 &, Nl fE L iX &Y PYTHONPATH A1 PYTHONHOME ,

HI -E Al -1 g E.
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int Py_InspectFlag
When a script is passed as first argument or the —c option is used, enter interactive mode after executing the
script or the command, even when sys . stdin does not appear to be a terminal.

Set by the —1 option and the PYTHONINSPECT environment variable.
int Py_InteractiveFlag

Y -1 PEIi .
int Py_IsolatedFlag

Run Python in isolated mode. In isolated mode sys.path contains neither the script’s directory nor the
user’s site-packages directory.

HE] -I ﬁIﬁ&Eo
3.4 FIRE.

int Py_LegacyWindowsFSEncodingFlag
If the flag is non-zero, use the mbcs encoding instead of the UTF-8 encoding for the filesystem encoding.

Set to 1 if the PYTHONLEGACYWINDOWSFSENCODING environment variable is set to a non-empty string.
AREZHAMELE, S5 PEP 529,
u] F 4 Windows .,

int Py_LegacyWindowsStdioFlag
If the flag is non-zero, use 10 .FileIO instead of WindowsConsoleIO for sys standard streams.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
FRELZVEAFER., S PEP 528,
Al i E: Windows.

int Py_NoSiteFlag
B site WA KBTI RT3 (X sys.path #EfE. PR site RAEMEHE AT
ABSEE LA AR B A BB site.main (),

EE =S ﬁIﬁﬁﬁo

int Py_NoUserSiteDirectory

AR H P site-packages HZEME| sys.path,
Set by the —s and - I options, and the PYTHONNOUSERSITE environment variable.

int Py_OptimizeFlag
Set by the —O option and the PYTHONOPTIMIZE environment variable.

int Py_QuietFlag
RPEEAE A AT A s BRI AR

B —g BRI
3.2 Bl Hise.
int Py_UnbufferedStdioFlag
Force the stdout and stderr streams to be unbuffered.

Set by the —u option and the PYTHONUNBUFFERED environment variable.

int Py_VerboseFlag
Print a message each time a module is initialized, showing the place (filename or built-in module) from which
it is loaded. If greater or equal to 2, print a message for each file that is checked for when searching for a
module. Also provides information on module cleanup at exit.

Set by the —v option and the PYTHONVERBOSE environment variable.
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9.3 Initializing and finalizing the interpreter

void Py_Initialize ()

Initialize the Python interpreter. In an application embedding Python, this should be called before using any
other Python/C API functions; see Before Python Initialization for the few exceptions.

This initializes the table of loaded modules (sys.modules), and creates the fundamental modules
builtins, __main__ and sys. It also initializes the module search path (sys.path). It does not set
sys.argv;use PySys_SetArgvEx () for that. This is a no-op when called for a second time (without
calling Py_FinalizeEx () first). There is no return value; it is a fatal error if the initialization fails.

{Eff:  On Windows, changes the console mode from O_TEXT to O_BINARY, which will also affect non-
Python uses of the console using the C Runtime.

void Py_InitializeEx (int initsigs)

This function works like Py Tnitialize () if initsigsis 1. If initsigs is O, it skips initialization registration
of signal handlers, which might be useful when Python is embedded.

intPy_IsInitialized()

Return true (nonzero) when the Python interpreter has been initialized, false (zero) if not. After
Py _FinalizeEx () is called, this returns false until Py_Tnitialize () is called again.

int Py_FinalizeEx ()

Undo all initializations made by Py Tnitialize () and subsequent use of Python/C API functions, and
destroy all sub-interpreters (see Py_NewInterpreter () below) that were created and not yet destroyed
since the last call to Py Initialize (). Ideally, this frees all memory allocated by the Python interpreter.
This is a no-op when called for a second time (without calling Py_ Tnitialize () again first). Normally
the return value is 0. If there were errors during finalization (flushing buffered data), —1 is returned.

This function is provided for a number of reasons. An embedding application might want to restart Python
without having to restart the application itself. An application that has loaded the Python interpreter from a
dynamically loadable library (or DLL) might want to free all memory allocated by Python before unloading the
DLL. During a hunt for memory leaks in an application a developer might want to free all memory allocated
by Python before exiting from the application.

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may
cause destructors (__del__ () methods) to fail when they depend on other objects (even functions) or mod-
ules. Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory
allocated by the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in
circular references between objects is not freed. Some memory allocated by extension modules may not be
freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py _Tnitialize () and Py _FinalizeEx () more than once.

Raises an auditing event cpython._PySys_ClearAuditHooks with no arguments.

3.6 BRI HE.

void Py_Finalize ()

This is a backwards-compatible version of Py_FinalizeEx () that disregards the return value.
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9.4 Process-wide parameters

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
This function should be called before Py Initialize (), if itis called at all. It specifies which encoding
and error handling to use with standard IO, with the same meanings as in str.encode ().

It overrides PYTHONIOENCODING values, and allows embedding code to control IO encoding when the
environment variable does not work.

encoding and/or errors may be NULL to use PY THONIOENCOD ING and/or default values (depending on other
settings).

Note that sys.stderr always uses the “backslashreplace” error handler, regardless of this (or any other)
setting.

If Py FinalizeEx () is called, this function will need to be called again in order to affect subsequent calls
toPy_Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been initialized).
3.4 B RE.

void Py_ SetProgramName (const wchar_t *name)
This function should be called before Py Tnitialize () is called for the first time, if it is called at all. It
tells the interpreter the value of the argv [0] argument to the main () function of the program (converted
to wide characters). This is used by Py GetPath () and some other functions below to find the Python run-
time libraries relative to the interpreter executable. The default value is 'python'. The argument should
point to a zero-terminated wide character string in static storage whose contents will not change for the duration
of the program’s execution. No code in the Python interpreter will change the contents of this storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar* Py_GetProgramName ()
Return the program name set with Py SetProgramName (), or the default. The returned string points into
static storage; the caller should not modify its value.

wchar_t* Py_GetPrefix ()
Return the prefix for installed platform-independent files. This is derived through a number of complicated rules
from the program name set with Py Set ProgramName () and some environment variables; for example, if
the program name is ' /usr/local/bin/python’, the prefixis ' /usr/local'. The returned string
points into static storage; the caller should not modify its value. This corresponds to the prefix variable in
the top-level Makefile and the ——prefix argument to the configure script at build time. The value is
available to Python code as sys.prefix. Itis only useful on Unix. See also the next function.

wchar_t* Py_GetExecPrefix ()

Return the exec-prefix for installed platform-dependent files. This is derived through a number of com-
plicated rules from the program name set with Py SetProgramName () and some environment vari-
ables; for example, if the program name is ' /usr/local/bin/python’', the exec-prefix is ' /usr/
local'. The returned string points into static storage; the caller should not modify its value. This corre-
sponds to the exec_prefix variable in the top-level Makefile and the ——exec—prefix argument to
the configure script at build time. The value is available to Python code as sys.exec_prefix. Itis
only useful on Unix.

Background: The exec-prefix differs from the prefix when platform dependent files (such as executables and
shared libraries) are installed in a different directory tree. In a typical installation, platform dependent files
may be installed in the /usr/local/plat subtree while platform independent may be installed in /usr/
local.

Generally speaking, a platform is a combination of hardware and software families, e.g. Sparc machines run-
ning the Solaris 2.x operating system are considered the same platform, but Intel machines running Solaris 2.x
are another platform, and Intel machines running Linux are yet another platform. Different major revisions of
the same operating system generally also form different platforms. Non-Unix operating systems are a different
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story; the installation strategies on those systems are so different that the prefix and exec-prefix are meaning-
less, and set to the empty string. Note that compiled Python bytecode files are platform independent (but not
independent from the Python version by which they were compiled!).

System administrators will know how to configure the mount or automount programs to share /usr/
local between platforms while having /usr/local/plat be a different filesystem for each platform.

wchar_t* Py_GetProgramFullPath ()

Return the full program name of the Python executable; this is computed as a side-effect of deriving the default
module search path from the program name (set by Py SetProgramName () above). The returned string
points into static storage; the caller should not modify its value. The value is available to Python code as
sys.executable.

wchar_t* Py_GetPath ()

Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a
series of directory names separated by a platform dependent delimiter character. The delimiter character is
': ' on Unix and Mac OS X, '; ' on Windows. The returned string points into static storage; the caller
should not modify its value. The list sys . path is initialized with this value on interpreter startup; it can be
(and usually is) modified later to change the search path for loading modules.

void Py_SetPath (const wchar_t *)

Set the default module search path. If this function is called before Py_TInitialize (), then
Py_GetPath () won't attempt to compute a default search path but uses the one provided instead. This
is useful if Python is embedded by an application that has full knowledge of the location of all modules. The
path components should be separated by the platform dependent delimiter character, which is ' : ' on Unix
and Mac OS X, '; ' on Windows.

This also causes sys.executable to be set to the program full path (see
Py_GetProgramFullPath()) and for sys.prefix and sys.exec_prefix to be empty. It
is up to the caller to modify these if required after calling Py_Tnitialize ().

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
The path argument is copied internally, so the caller may free it after the call completes.

TE 3.8 iR t: The program full path is now used for sys.executable, instead of the program name.

const char* Py_GetVersion ()

Return the version of this Python interpreter. This is a string that looks something like

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

The first word (up to the first space character) is the current Python version; the first three characters are the
major and minor version separated by a period. The returned string points into static storage; the caller should
not modify its value. The value is available to Python code as sys.version.

const char* Py_GetPlatform ()

Return the platform identifier for the current platform. On Unix, this is formed from the “official” name of
the operating system, converted to lower case, followed by the major revision number; e.g., for Solaris 2.x,
which is also known as SunOS 5.x, the value is ' sunos5'. On Mac OS X, itis 'darwin'. On Windows,
itis 'win"'. The returned string points into static storage; the caller should not modify its value. The value is
available to Python code as sys.platform.

const char* Py_GetCopyright ()

Return the official copyright string for the current Python version, for example
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'’

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as sys.copyright.

const char* Py_GetCompiler ()

Return an indication of the compiler used to build the current Python version, in square brackets, for example:

140

Chapter 9. Initialization, Finalization, and Threads



The Python/C API, %% 3.9.1

"[GCC 2.7.2.2]"

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as part of the variable sys.version.

const char* Py_GetBuildInfo ()

Return information about the sequence number and build date and time of the current Python interpreter
instance, for example

"#67, Aug 1 1997, 22:34:28"

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as part of the variable sys.version.

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)

Set sys.argv based on argc and argv. These parameters are similar to those passed to the program’s
main () function with the difference that the first entry should refer to the script file to be executed rather
than the executable hosting the Python interpreter. If there isn’t a script that will be run, the first entry in
argv can be an empty string. If this function fails to initialize sys . argv, a fatal condition is signalled using
Py FatalError ().

If updatepath is zero, this is all the function does. If updatepath is non-zero, the function also modifies sys .
path according to the following algorithm:

 If the name of an existing script is passed in argv [0], the absolute path of the directory where the
script is located is prepended to sys .path.

e Otherwise (that is, if argc is 0 or argv [0] doesn’t point to an existing file name), an empty string is
prepended to sys . path, which is the same as prepending the current working directory (" . ").

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

{Ef#: Ttisrecommended that applications embedding the Python interpreter for purposes other than executing
a single script pass O as updatepath, and update sys .path themselves if desired. See CVE-2008-5983.

On versions before 3.1.3, you can achieve the same effect by manually popping the first sys.path element
after having called PySys_SetArgv (), for example using:

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 FIIfE.

void PySys_SetArgv (int argc, wchar_t **argv)

This function works like PySys_SetArgvEx () with updatepath set to 1 unless the python interpreter
was started with the —T.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

TE 3.4 JiUEE UL The updatepath value depends on — 1.

void Py_SetPythonHome (const wchar_t *home)

Set the default "home” directory, that is, the location of the standard Python libraries. See PYTHONHOME for
the meaning of the argument string.

The argument should point to a zero-terminated character string in static storage whose contents will not change
for the duration of the program’s execution. No code in the Python interpreter will change the contents of this
storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

w_char* Py_GetPythonHome ()

Return the default "home™, that is, the value set by a previous call to Py_SetPythonHome (), or the value
of the PYTHONHOME environment variable if it is set.
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9.5 Thread State and the Global Interpreter Lock

The Python interpreter is not fully thread-safe. In order to support multi-threaded Python programs, there’s a global
lock, called the global interpreter lock or GIL, that must be held by the current thread before it can safely access
Python objects. Without the lock, even the simplest operations could cause problems in a multi-threaded program:
for example, when two threads simultaneously increment the reference count of the same object, the reference count
could end up being incremented only once instead of twice.

Therefore, the rule exists that only the thread that has acquired the G/L may operate on Python objects or call Python/C
API functions. In order to emulate concurrency of execution, the interpreter regularly tries to switch threads (see
sys.setswitchinterval ()). Thelockis also released around potentially blocking I/O operations like reading
or writing a file, so that other Python threads can run in the meantime.

The Python interpreter keeps some thread-specific bookkeeping information inside a data structure called
PyThreadState. There’s also one global variable pointing to the current Py ThreadState: it can be retrieved
using PyThreadState_Get ().

9.5.1 Releasing the GIL from extension code

Most extension code manipulating the GIL has the following simple structure:

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

This is so common that a pair of macros exists to simplify it:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation
Py_END_ALLOW_THREADS

The Py BEGIN_ALLOW_THREADS macro opens a new block and declares a hidden local variable; the
Py_END_ALLOW_THREADS macro closes the block.

The block above expands to the following code:

PyThreadState *_save;

_save = PyEval_sSaveThread();
. Do some blocking I/O operation
PyEval_RestoreThread (_save);

Here is how these functions work: the global interpreter lock is used to protect the pointer to the current thread state.
When releasing the lock and saving the thread state, the current thread state pointer must be retrieved before the
lock is released (since another thread could immediately acquire the lock and store its own thread state in the global
variable). Conversely, when acquiring the lock and restoring the thread state, the lock must be acquired before storing
the thread state pointer.

{EffE: Calling system I/O functions is the most common use case for releasing the GIL, but it can also be useful before
calling long-running computations which don’t need access to Python objects, such as compression or cryptographic
functions operating over memory buffers. For example, the standard z1ib and hashlib modules release the GIL
when compressing or hashing data.
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9.5.2 jE Python G|/ IE

When threads are created using the dedicated Python APIs (such as the threading module), a thread state is
automatically associated to them and the code showed above is therefore correct. However, when threads are created
from C (for example by a third-party library with its own thread management), they don’t hold the GIL, nor is there
a thread state structure for them.

If you need to call Python code from these threads (often this will be part of a callback API provided by the afore-
mentioned third-party library), you must first register these threads with the interpreter by creating a thread state
data structure, then acquiring the GIL, and finally storing their thread state pointer, before you can start using the
Python/C APIL. When you are done, you should reset the thread state pointer, release the GIL, and finally free the
thread state data structure.

The PyGILState_Ensure () and PyGILState_Release () functions do all of the above automatically.
The typical idiom for calling into Python from a C thread is:

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction();
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* () functions assume there is only one global interpreter (created automatically by
Py_Initialize ()).Pythonsupports the creation of additional interpreters (using Py NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* () API is unsupported.

9.5.3 Cautions about fork()

Another important thing to note about threads is their behaviour in the face of the C fork () call. On most systems
with fork (), after a process forks only the thread that issued the fork will exist. This has a concrete impact both
on how locks must be handled and on all stored state in CPython’s runtime.

The fact that only the “current” thread remains means any locks held by other threads will never be released. Python
solves this for os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards.
In addition, it resets any lock-objects in the child. When extending or embedding Python, there is no way to inform
Python of additional (non-Python) locks that need to be acquired before or reset after a fork. OS facilities such
as pthread_atfork () would need to be used to accomplish the same thing. Additionally, when extending
or embedding Python, calling fork () directly rather than through os. fork () (and returning to or calling into
Python) may result in a deadlock by one of Python’s internal locks being held by a thread that is defunct after the
fork. PyOS_AfterFork_Child () tries to reset the necessary locks, but is not always able to.

The fact that all other threads go away also means that CPython’s runtime state there must be cleaned up properly,
which os. fork () does. This means finalizing all other Py ThreadState objects belonging to the current inter-
preter and all other PyInterpreterState objects. Due to this and the special nature of the "main” interpreter,

fork () should only be called in that interpreter’s “main” thread, where the CPython global runtime was originally
initialized. The only exception is if exec () will be called immediately after.
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9.5.4 Sk API

These are the most commonly used types and functions when writing C extension code, or when embedding the
Python interpreter:

PyInterpreterState
This data structure represents the state shared by a number of cooperating threads. Threads belonging to the
same interpreter share their module administration and a few other internal items. There are no public members
in this structure.

Threads belonging to different interpreters initially share nothing, except process state like available memory,
open file descriptors and such. The global interpreter lock is also shared by all threads, regardless of to which
interpreter they belong.

PyThreadState
This data structure represents the state of a single thread. The only public data member is interp
(PyInterpreterState *), which points to this thread’s interpreter state.

void PyEval_InitThreads ()
Deprecated function which does nothing.

In Python 3.6 and older, this function created the GIL if it didn’t exist.
TE 3.9 JiRFE P The function now does nothing.

FE 3.7 WCHE B This function is now called by Py_Tnitialize (), so you don’t have to call it yourself
anymore.

7£ 3.2 MUEE PR This function cannot be called before Py Tnitialize () anymore.
Deprecated since version 3.9, will be removed in version 3.11.

int PyEval_ThreadsInitialized()
Returns a non-zero value if PyEval_TnitThreads () hasbeen called. This function can be called without
holding the GIL, and therefore can be used to avoid calls to the locking API when running single-threaded.

T 3.7 lRFE ¥ : The GIL is now initialized by Py_Tnitialize ().
Deprecated since version 3.9, will be removed in version 3.11.

PyThreadState* PyEval_SaveThread ()
Release the global interpreter lock (if it has been created) and reset the thread state to NULL, returning the
previous thread state (which is not NULL). If the lock has been created, the current thread must have acquired
it.

void PyEval_RestoreThread (PyThreadState *tstate)
Acquire the global interpreter lock (if it has been created) and set the thread state to state, which must not be
NULL. If the lock has been created, the current thread must not have acquired it, otherwise deadlock ensues.

{Efft:  Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing/()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

PyThreadState* PyThreadState_Get ()
Return the current thread state. The global interpreter lock must be held. When the current thread state is
NULL, this issues a fatal error (so that the caller needn’t check for NULL).

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
Swap the current thread state with the thread state given by the argument #state, which may be NULL. The
global interpreter lock must be held and is not released.

The following functions use thread-local storage, and are not compatible with sub-interpreters:

144 Chapter 9. Initialization, Finalization, and Threads



The Python/C API, %% 3.9.1

PyGILState_STATE PyGILState_Ensure ()
Ensure that the current thread is ready to call the Python C API regardless of the current state of Python,
or of the global interpreter lock. This may be called as many times as desired by a thread as long as
each call is matched with a call to PyGILState Release (). In general, other thread-related APIs
may be used between PyGILState_Ensure () and PyGILState_Release () calls as long as the
thread state is restored to its previous state before the Release(). For example, normal usage of the
Py _BEGIN_ALLOW_THREADS and Py_END_ALLOW_THREADS macros is acceptable.

The return value is an opaque “handle” to the thread state when PyGILState Ensure () was called, and
must be passed to PyGILState Release () to ensure Python is left in the same state. Even though
recursive calls are allowed, these handles cannot be shared - each unique call to PyGILState Ensure ()
must save the handle for its call to PyGILState Release ().

When the function returns, the current thread will hold the GIL and be able to call arbitrary Python code.
Failure is a fatal error.

{Eff#:  Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_TIsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

void PyGILState_Release (PyGILState_STATE)
Release any resources previously acquired. After this call, Python’s state will be the same as it was prior to the
corresponding PyGILState_Ensure () call (but generally this state will be unknown to the caller, hence
the use of the GILState API).

Every callto PyGILState_Ensure () must be matched byacallto PyGILState Release () onthe
same thread.

PyThreadState* PyGILState_GetThisThreadState ()
Get the current thread state for this thread. May return NULL if no GILState API has been used on the current
thread. Note that the main thread always has such a thread-state, even if no auto-thread-state call has been
made on the main thread. This is mainly a helper/diagnostic function.

int PyGILState_Check ()
Return 1 if the current thread is holding the GIL and 0 otherwise. This function can be called from any thread
at any time. Only if it has had its Python thread state initialized and currently is holding the GIL will it return
1. This is mainly a helper/diagnostic function. It can be useful for example in callback contexts or memory
allocation functions when knowing that the GIL is locked can allow the caller to perform sensitive actions or
otherwise behave differently.

3.4 BN RE.

The following macros are normally used without a trailing semicolon; look for example usage in the Python source
distribution.

Py_BEGIN_ALLOW_THREADS
This macro expands to { PyThreadState *_save; _save = PyEval_SaveThread() ;. Note
that it contains an opening brace; it must be matched with a following Py END_ALLOW_THREAD.S macro.
See above for further discussion of this macro.

Py_END_ALLOW_THREADS
This macro expands to PyEval_RestoreThread (_save); }. Note that it contains a closing brace; it
must be matched with an earlier Py BEGIN_ALLOW_THREADS macro. See above for further discussion of
this macro.

Py_BLOCK_THREADS
This macro expands to PyEval_RestoreThread(_save);: it is equivalent to
Py_END_ALLOW_THREADS without the closing brace.

Py_UNBLOCK_THREADS
This macro expands to _save = PyEval_SaveThread();: it is equivalent to
Py_BEGIN_ALLOW_THREADS without the opening brace and variable declaration.
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9.5.5 Low-level API

All of the following functions must be called after Py_Tnitialize ().
TE 3.7 MW Py_Initialize () now initializes the GIL.

PylnterpreterState* PyInterpreterState_New ()
Create a new interpreter state object. The global interpreter lock need not be held, but may be held if it is
necessary to serialize calls to this function.

Raises an auditing event cpython.PyInterpreterState_New with no arguments.

void PyInterpreterState_Clear (PylnterpreterState *interp)
Reset all information in an interpreter state object. The global interpreter lock must be held.

Raises an auditing event cpython.PyInterpreterState_Clear with no arguments.

void PyInterpreterState_Delete (PylnterpreterState *interp)
Destroy an interpreter state object. The global interpreter lock need not be held. The interpreter state must
have been reset with a previous call to Py InterpreterState _Clear ().

PyThreadState* PyThreadState_New ( PylnterpreterState *interp)
Create a new thread state object belonging to the given interpreter object. The global interpreter lock need not
be held, but may be held if it is necessary to serialize calls to this function.

void PyThreadState_Clear (PyThreadState *tstate)
Reset all information in a thread state object. The global interpreter lock must be held.

JE 3.9 Jit BB This function now calls the PyThreadState.on_delete callback. Previously, that
happened in PyThreadState _Delete ().

void PyThreadState_Delete (PyThreadState *tstate)
Destroy a thread state object. The global interpreter lock need not be held. The thread state must have been
reset with a previous call to PyThreadState_Clear ().

void PyThreadState_DeleteCurrent (void)
Destroy the current thread state and release the global interpreter lock. Like Py ThreadState_Delete (),
the global interpreter lock need not be held. The thread state must have been reset with a previous call to
PyThreadState_Clear().

PyFrameObject* PyThreadState_GetFrame (PyThreadState *tstate)
Get the current frame of the Python thread state zstate.

Return a strong reference. Return NULL if no frame is currently executing.
See also PyEval_ GetFrame ().

tstate must not be NULL.

3.9 Bk IIHE.

uint64_t PyThreadState_GetID (PyThreadState *tstate)
Get the unique thread state identifier of the Python thread state #state.

tstate must not be NULL.
3.9 Fri e

PylnterpreterState* PyThreadState_GetInterpreter (PyThreadState *tstate)
Get the interpreter of the Python thread state zstate.

tstate must not be NULL.
3.9 FrhR e

PylInterpreterState* PyInterpreterState_Get (void)
Get the current interpreter.

Issue a fatal error if there no current Python thread state or no current interpreter. It cannot return NULL.
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The caller must hold the GIL.
3.9 FriR e

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
Return the interpreter’s unique ID. If there was any error in doing so then -1 is returned and an error is set.

The caller must hold the GIL.
3.7 FriR e

PyObject* PyInterpreterState_GetDict (PylnterpreterState *interp)
Return a dictionary in which interpreter-specific data may be stored. If this function returns NULL then no
exception has been raised and the caller should assume no interpreter-specific dict is available.

This is not a replacement for PyModule_GetState (), which extensions should use to store interpreter-
specific state information.

3.8 B fE.

PyObject* (*_PyFrameEvalFunction) (PyThreadState *tstate, PyFrameObject *frame, int throwflag)
Type of a frame evaluation function.

The throwflag parameter is used by the throw () method of generators: if non-zero, handle the current
exception.

TE 3.9 fiR P The function now takes a fstate parameter.

_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
Get the frame evaluation function.

See the PEP 523 ”Adding a frame evaluation API to CPython”.
3.9 B fE.

void _PyInterpreterState_SetEvalFrameFunc (PyInterpreterState *interp, _PyFrameEvalFuncti
Set the frame evaluation function.

See the PEP 523 ”Adding a frame evaluation API to CPython”.
3.9 B fE.

PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. Return a dictionary in which extensions can store thread-specific state
information. Each extension should use a unique key to use to store state in the dictionary. It is okay to call
this function when no current thread state is available. If this function returns NULL, no exception has been
raised and the caller should assume no current thread state is available.

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
Asynchronously raise an exception in a thread. The id argument is the thread id of the target thread; exc is the
exception object to be raised. This function does not steal any references to exc. To prevent naive misuse, you
must write your own C extension to call this. Must be called with the GIL held. Returns the number of thread
states modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL, the pending
exception (if any) for the thread is cleared. This raises no exceptions.

F£ 3.7 WU PR The type of the id parameter changed from 1ong to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
Acquire the global interpreter lock and set the current thread state to tstate, which must not be NULL. The lock
must have been created earlier. If this thread already has the lock, deadlock ensues.

{Ff#: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing/()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

9.5. Thread State and the Global Interpreter Lock 147


https://www.python.org/dev/peps/pep-0523
https://www.python.org/dev/peps/pep-0523

The Python/C API, %% 3.9.1

¥ 3.8 MR OE W Updated to be consistent with PyEval_ RestoreThread(),
Py _END_ALLOW_THREADS (), and PyGILState_Ensure (), and terminate the current thread
if called while the interpreter is finalizing.

PyEval_RestoreThread () is a higher-level function which is always available (even when threads have
not been initialized).

void PyEval_ReleaseThread (PyThreadState *tstate)
Reset the current thread state to NULL and release the global interpreter lock. The lock must have been created
earlier and must be held by the current thread. The #state argument, which must not be NULL, is only used to
check that it represents the current thread state --- if it isn’t, a fatal error is reported.

PyEval_SaveThread () is a higher-level function which is always available (even when threads have not
been initialized).

void PyEval_AcquirelLock ()
Acquire the global interpreter lock. The lock must have been created earlier. If this thread already has the
lock, a deadlock ensues.

32 it J5 B # F&:  This function does not update the current thread state. Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.

{iff#:  Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing/()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

E 38 iR W OM: Updated to be consistent with PyEval RestoreThread(),
Py_END_ALLOW_THREADS (), and PyGILState_FEnsure (), and terminate the current thread
if called while the interpreter is finalizing.

void PyEval_ReleaseLock ()
Release the global interpreter lock. The lock must have been created earlier.

32 WU J5 B B [%: This function does not update the current thread state. Please use
PyEval_SaveThread () or PyEval_ReleaseThread () instead.

9.6 Sub-interpreter support

While in most uses, you will only embed a single Python interpreter, there are cases where you need to create several
independent interpreters in the same process and perhaps even in the same thread. Sub-interpreters allow you to do
that.

The "main” interpreter is the first one created when the runtime initializes. It is usually the only Python interpreter in
aprocess. Unlike sub-interpreters, the main interpreter has unique process-global responsibilities like signal handling.
It is also responsible for execution during runtime initialization and is usually the active interpreter during runtime
finalization. The PyInterpreterState_Main () function returns a pointer to its state.

You can switch between sub-interpreters using the PyThreadState_Swap () function. You can create and de-
stroy them using the following functions:

PyThreadState* Py_NewInterpreter ()
Create a new sub-interpreter. This is an (almost) totally separate environment for the execution of Python
code. In particular, the new interpreter has separate, independent versions of all imported modules, including
the fundamental modules builtins, _ main_  and sys. The table of loaded modules (sys .modules)
and the module search path (sy s . path) are also separate. The new environment has no sy s . argv variable.
It has new standard I/O stream file objects sys.stdin, sys.stdout and sys.stderr (however these
refer to the same underlying file descriptors).

The return value points to the first thread state created in the new sub-interpreter. This thread state is made
in the current thread state. Note that no actual thread is created; see the discussion of thread states below. If
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creation of the new interpreter is unsuccessful, NULL is returned; no exception is set since the exception state
is stored in the current thread state and there may not be a current thread state. (Like all other Python/C API
functions, the global interpreter lock must be held before calling this function and is still held when it returns;
however, unlike most other Python/C API functions, there needn’t be a current thread state on entry.)

Extension modules are shared between (sub-)interpreters as follows:

¢ For modules using multi-phase initialization, e.g. PyModule_ FromDefAndSpec (), a separate
module object is created and initialized for each interpreter. Only C-level static and global variables
are shared between these module objects.

» For modules using single-phase initialization, e.g. PyModule_ Create (), the first time a particular
extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictionary is squir-
reled away. When the same extension is imported by another (sub-)interpreter, a new module is initialized
and filled with the contents of this copy; the extension’s init function is not called. Objects in the mod-
ule’s dictionary thus end up shared across (sub-)interpreters, which might cause unwanted behavior (see
Bugs and caveats below).

Note that this is different from what happens when an extension is imported after the interpreter has been
completely re-initialized by calling Py FinalizeEx () and Py _TInitialize ();in that case, the
extension’s initmodule function is called again. As with multi-phase initialization, this means that
only C-level static and global variables are shared between these modules.

void Py_EndInterpreter (PyThreadState *tstate)
Destroy the (sub-)interpreter represented by the given thread state. The given thread state must be the current
thread state. See the discussion of thread states below. When the call returns, the current thread state is NULL.
All thread states associated with this interpreter are destroyed. (The global interpreter lock must be held before
calling this function and is still held when it returns.) Py_FinalizeEx () will destroy all sub-interpreters
that haven’t been explicitly destroyed at that point.

9.6.1 HRFIES

Because sub-interpreters (and the main interpreter) are part of the same process, the insulation between them isn’t
perfect --- for example, using low-level file operations like os . c1lose () they can (accidentally or maliciously) affect
each other’s open files. Because of the way extensions are shared between (sub-)interpreters, some extensions may not
work properly; this is especially likely when using single-phase initialization or (static) global variables. It is possible
to insert objects created in one sub-interpreter into a namespace of another (sub-)interpreter; this should be avoided
if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes between sub-
interpreters, since import operations executed by such objects may affect the wrong (sub-)interpreter’s dictionary of
loaded modules. It is equally important to avoid sharing objects from which the above are reachable.

Also note that combining this functionality with PyGILState_* () APIs is delicate, because these APIs as-
sume a bijection between Python thread states and OS-level threads, an assumption broken by the presence of
sub-interpreters. It is highly recommended that you don’t switch sub-interpreters between a pair of matching
PyGILState_ Ensure () and PyGILState_Release () calls. Furthermore, extensions (such as ctypes)
using these APIs to allow calling of Python code from non-Python created threads will probably be broken when
using sub-interpreters.

9.6. Sub-interpreter support 149



The Python/C API, %% 3.9.1

9.7 FEEH

A mechanism is provided to make asynchronous notifications to the main interpreter thread. These notifications take
the form of a function pointer and a void pointer argument.

int Py_AddPendingCall (int (*func)(void *), void *arg)

Schedule a function to be called from the main interpreter thread. On success, 0 is returned and func is queued
for being called in the main thread. On failure, —1 is returned without setting any exception.

When successfully queued, func will be eventually called from the main interpreter thread with the argument
arg. It will be called asynchronously with respect to normally running Python code, but with both these con-
ditions met:

* on a bytecode boundary;
 with the main thread holding the global interpreter lock (func can therefore use the full C API).

func must return O on success, or —1 on failure with an exception set. func won’t be interrupted to perform
another asynchronous notification recursively, but it can still be interrupted to switch threads if the global
interpreter lock is released.

This function doesn’t need a current thread state to run, and it doesn’t need the global interpreter lock.

To call this function in a subinterpreter, the caller must hold the GIL. Otherwise, the function func can be
scheduled to be called from the wrong interpreter.

#g . This is a low-level function, only useful for very special cases. There is no guarantee that func
will be called as quick as possible. If the main thread is busy executing a system call, func won’t be called
before the system call returns. This function is generally not suitable for calling Python code from arbitrary
C threads. Instead, use the PyGILState API.

TE 3.9 BRHE P If this function is called in a subinterpreter, the function func is now scheduled to be called
from the subinterpreter, rather than being called from the main interpreter. Each subinterpreter now has its
own list of scheduled calls.

3.1 B fE.

9.8 SHTFIERER

The Python interpreter provides some low-level support for attaching profiling and execution tracing facilities. These
are used for profiling, debugging, and coverage analysis tools.

This C interface allows the profiling or tracing code to avoid the overhead of calling through Python-level callable
objects, making a direct C function call instead. The essential attributes of the facility have not changed; the interface
allows trace functions to be installed per-thread, and the basic events reported to the trace function are the same as
had been reported to the Python-level trace functions in previous versions.

int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)

The type of the trace function registered using PyEval SetProfile () and PyEval_ SetTrace ().
The first parameter is the object passed to the registration function as obj, frame is the frame object to which the
event pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:
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what B1E arg g X

PyTrace_CALL ,'é\zEéPy_None.

PyTrace_EXCEPTION sys.exc_info () BRI FEEL.

PyTrace_LINE ,'é\zEéPy_None.

PyTrace_RETURN Value being returned to the caller, or NULL if caused by an exception.
PyTrace_C_CALL EAE R RO 4 .

PyTrace C_EXCEPTION | 1EAEVa H BB &,

PyTrace_C_RETURN TEAEVE FH RO 52

PyTrace_OPCODE M EPpy None.

int PyTrace_CALL
The value of the what parameter to a Py_ t racefunc function when a new call to a function or method is
being reported, or a new entry into a generator. Note that the creation of the iterator for a generator function
is not reported as there is no control transfer to the Python bytecode in the corresponding frame.

int PyTrace_EXCEPTION
The value of the what parameter to a Py_t racefunc function when an exception has been raised. The
callback function is called with this value for what when after any bytecode is processed after which the
exception becomes set within the frame being executed. The effect of this is that as exception propagation
causes the Python stack to unwind, the callback is called upon return to each frame as the exception propagates.
Only trace functions receives these events; they are not needed by the profiler.

int PyTrace_LINE
The value passed as the what parameter to a Py_t race func function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.

int PyTrace_RETURN
The value for the what parameter to Py_ t race func functions when a call is about to return.

int PyTrace_C_CALL
The value for the what parameter to Py_ t race func functions when a C function is about to be called.

int PyTrace_C_EXCEPTION
The value for the what parameter to Py_ t race func functions when a C function has raised an exception.

int PyTrace_C_RETURN
The value for the what parameter to Py_ t race func functions when a C function has returned.

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new
opcode is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)
Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may
be any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj
for each thread provides a convenient and thread-safe place to store it. The profile function is called for all
monitored events except PyTrace_LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

The caller must hold the GIL.

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)
Set the tracing function to func. This is similar to PyEval_ SetProfile (), except the tracing function
does receive line-number events and per-opcode events, but does not receive any event related to C func-
tion objects being called. Any trace function registered using PyEval_SetTrace () will not receive
PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what pa-
rameter.

The caller must hold the GIL.
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9.9 ERiAI 283 HF

These functions are only intended to be used by advanced debugging tools.

PylInterpreterState* PyInterpreterState_Head ()
Return the interpreter state object at the head of the list of all such objects.

PylnterpreterState* PyInterpreterState_Main ()
Return the main interpreter state object.

PyInterpreterState* PyInterpreterState_Next (PylnterpreterState *interp)
Return the next interpreter state object after interp from the list of all such objects.

PyThreadState * PyInterpreterState_ThreadHead (PylnterpreterState *interp)
Return the pointer to the first PyThreadState object in the list of threads associated with the interpreter
interp.

PyThreadState* PyThreadState_Next (PyThreadState *tstate)
Return the next thread state object after #state from the list of all such objects belonging to the same
PyInterpreterState object.

9.10 Thread Local Storage Support

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native
TLS implementation to support the Python-level thread local storage API (threading.local). The CPython
C level APIs are similar to those offered by pthreads and Windows: use a thread key and functions to associate a
void* value per thread.

The GIL does not need to be held when calling these functions; they supply their own locking.

Note that Python . h does not include the declaration of the TLS APIs, you need to include pythread.h to use
thread-local storage.

{I:f:  None of these API functions handle memory management on behalf of the void* values. You need to
allocate and deallocate them yourself. If the void* values happen to be PyObject *, these functions don’t do
refcount operations on them either.

9.10.1 Thread Specific Storage (TSS) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

3.7 FrihRE.
S U
”A New C-API for Thread-Local Storage in CPython” (PEP 539)

Py tss_t
This data structure represents the state of a thread key, the definition of which may depend on the underlying
TLS implementation, and it has an internal field representing the key’s initialization state. There are no public
members in this structure.

When Py_LIMITED_API is not defined, static allocation of this type by Py_tss_NEEDS_TNIT is allowed.

Py_tss_NEEDS_INIT
This macro expands to the initializer for Py_ t ss_t variables. Note that this macro won’t be defined with
Py_LIMITED_API.
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Dynamic Allocation

Dynamic allocation of the Py_tss_t, required in extension modules built with Py _LIMITED_API, where static
allocation of this type is not possible due to its implementation being opaque at build time.

Py_tss_t* PyThread_tss_alloc ()
Return a value which is the same state as a value initialized with Py_tss_NEEDS_INIT, or NULL in the
case of dynamic allocation failure.

void PyThread_tss_free (Py_1ss_t *key)
Free the given key allocated by PyThread tss_alloc(), after  first calling
PyThread_tss_delete () to ensure any associated thread locals have been unassigned. This is a
no-op if the key argument is NULL.

Hf#: A freed key becomes a dangling pointer, you should reset the key to NULL.

Kk

The parameter key of these functions must not be NULL. Moreover, the behaviors of PyThread tss_set ()
and PyThread_tss_get () are undefined if the given Py _tss_t has not been initialized by
PyThread_tss_create().

int PyThread_tss_is_created (Py_1ss_t *key)
Return a non-zero value if the given Py_tss_ t has been initialized by PyThread_tss_create ().

int PyThread_tss_create (Py_fss_t *key)
Return a zero value on successful initialization of a TSS key. The behavior is undefined if the value pointed to
by the key argument is not initialized by Py_tss_NEEDS_TINIT. This function can be called repeatedly on
the same key -- calling it on an already initialized key is a no-op and immediately returns success.

void PyThread_tss_delete (Py_fss_t *key)
Destroy a TSS key to forget the values associated with the key across all threads, and change the key’s initial-
ization state to uninitialized. A destroyed key is able to be initialized again by PyThread_tss_create ().
This function can be called repeatedly on the same key -- calling it on an already destroyed key is a no-op.

int PyThread_tss_set (Py_tss_t *key, void *value)
Return a zero value to indicate successfully associating a void* value with a TSS key in the current thread.
Each thread has a distinct mapping of the key to a void* value.

void* PyThread_tss_get (Py_tss_t *key)
Return the void* value associated with a TSS key in the current thread. This returns NULL if no value is
associated with the key in the current thread.

9.10.2 Thread Local Storage (TLS) API

3.7 )5 EL#8F48:: This API is superseded by Thread Specific Storage (TSS) API.

{i:ff: This version of the API does not support platforms where the native TLS key is defined in a way that cannot
be safely cast to int. On such platforms, PyThread create_key () will return immediately with a failure
status, and the other TLS functions will all be no-ops on such platforms.

i BB AR, SRR A 6 A AP
int PyThread_create_key ()
void PyThread_delete_key (int key)

int PyThread_set_key_value (int key, void *value)
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void* PyThread_get_key_value (int key)
void PyThread_delete_key_value (int key)

void PyThread_ReInitTLS ()
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PyConfig
PyPreConfig
PyStatus

PyWideStringList

PyConfig Clear()

PyConfig InitIsolatedConfig/()
PyConfig _InitPythonConfig()
PyConfig_Read/()

PyConfig _SetArgv ()

PyConfig SetBytesArgv()
PyConfig_SetBytesString ()
PyConfig_SetString()

PyConfig SetWideStringList ()
PyPreConfig _InitIsolatedConfig/()
PyPreConfig InitPythonConfig()
PyStatus_Error ()
PyStatus_Exception ()
PyStatus_Exit ()
PyStatus_IsError()
PyStatus_IsExit ()

PyStatus_NoMemory ()
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PyStatus_Ok ()
PywWideStringList_Append()
PyWideStringList_Insert ()
Py_ExitStatusException ()
Py_InitializeFromConfig/()

Py PrelInitialize()
Py_PrelnitializeFromArgs ()
Py_PrelInitializeFromBytesArgs ()
Py_RunMain ()

Py_GetArgcArgv ()

The preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig and the configuration
(PyConfigtype)isstoredin PyInterpreterState.config.

See also Initialization, Finalization, and Threads.

UL

PEP 587 "Python ¥J 4G4k &

10.1 PyWideStringList

PyWideStringList

List of wchar_t* strings.

If length is non-zero, items must be non-NULL and all strings must be non-NULL.

Tk

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
Append item to list.

Python must be preinitialized to call this function.

PyStatus PyWideStringList_Insert (PyWideStringList  *list,  Py_ssize_t index,

' wchar_t *item)
Insert item into list at index.

If index is greater than or equal to list length, append item to list.
index must be greater than or equal to 0.
Python must be preinitialized to call this function.

Structure fields:

Py_ssize_t length
List ¥ Ji,
wchar_t** items

PIHIH .

const
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10.2 PyStatus

PyStatus
Structure to store an initialization function status: success, error or exit.

For an error, it can store the C function name which created the error.
Structure fields:

int exitcode
Exit code. Argument passed to exit ().

const char *err_msg
HiRER
const char *funec
Name of the function which created an error, can be NULL.

Functions to create a status:
PyStatus PyStatus_Ok (void)
R
7[352 °
PyStatus PyStatus_Error (const char *err_msg)

Initialization error with a message.

PyStatus PyStatus_NoMemory (void)
Memory allocation failure (out of memory).

PyStatus PyStatus_Exit (int exitcode)
Exit Python with the specified exit code.

Functions to handle a status:

int PyStatus_Exception (PyStatus status)

Is the status an error or an exit? If true, the exception must be handled; by calling

Py_ExitStatusException () for example.

int PyStatus_IsError (PyStatus status)
SRR IRNG?

int PyStatus_IsExit (PyStatus status)
AR IR

void Py_ExitStatusException (PyStatus status)

Call exit (exitcode) if status is an exit. Print the error message and exit with a non-zero exit code

if status is an error. Must only be called if PyStatus_Exception (status) is non-zero.

{Ef#: Internally, Python uses macros which set PyStatus . func, whereas functions to create a status set func

to NULL.

Il

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;

}
return PyStatus_O0Ok();

int main(int argc, char **argv)

{

(3

10.2. PyStatus
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(£ L£50)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

}

PyMem_Free (ptr);

return 0O;

10.3 PyPreConfig

PyPreConfig
Structure used to preinitialize Python:

* Set the Python memory allocator
¢ Configure the LC_CTYPE locale
 Set the UTF-8 mode

Function to initialize a preconfiguration:

void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)
Initialize the preconfiguration with Python Configuration.

void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)
Initialize the preconfiguration with Isolated Configuration.

Structure fields:

int allocator
Name of the memory allocator:

e PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults)

e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators

e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks

e PYMEM_ALLOCATOR_MALLOC (3): force usage of malloc ()

e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator

e PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug
hooks

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBRUG are not sup-
ported if Python is configured using ——without-pymalloc

See Memory Management.

int configure_locale
Set the LC_CTYPE locale to the user preferred locale? If equals to 0, set coerce_c_locale and
coerce_c_locale_warntoO.

int coerce_c_locale
If equals to 2, coerce the C locale; if equals to 1, read the LC_CTYPE locale to decide if it should be
coerced.

int coerce_c_locale_warn
If non-zero, emit a warning if the C locale is coerced.

int dev_mode
2 PyConfig.dev_mode.
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int isolated
%N PyConfig.isolated.

int legacy_windows_fs_encoding (Windows only)
If non-zero, disable UTF-8 Mode, set the Python filesystem encoding to mbcs, set the filesystem error
handler to replace.

Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.

int parse_argv
If non-zero, Py PrelInitializeFromArgs ()and Py PrelnitializeFromBytesArgs ()
parse their argv argument the same way the regular Python parses command line arguments: see
Command Line Arguments.

int use_environment
%N PyConfig.use_environment.

int ut £8_mode
If non-zero, enable the UTF-8 mode.

10.4 Preinitialization with PyPreConfig

Functions to preinitialize Python:

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
Preinitialize Python from preconfig preconfiguration.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char *

const *argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (bytes strings).

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t * const * argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (wide strings).

The caller is responsible to handle exceptions (error or exit) using PyStatus_Exception() and
Py ExitStatusException ().

For Python Configuration (PyPreConfig_InitPythonConfig ()),if Python is initialized with command line
arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the —-X ut £8 command line option enables the UTF-8 Mode.

PyMem_SetAllocator () can be called after Py_PrelInitialize() and before
Py _InitializeFromConfig() to install a custom memory allocator. It can be called before
Py_Prelnitialize () if PyPreConfig.allocatorissetto PYMEM_ALLOCATOR_NOT_SET

Python memory allocation functions like PyMem RawMalloc () must not be used before Python preinitialization,
whereas calling directlymalloc () and free () isalwayssafe. Py_DecodeLocale () mustnot be called before
the preinitialization.

Example using the preinitialization to enable the UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) |
Py_ExitStatusException (status);

}

/* at this point, Python will speak UTF-8 */
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(£ L£50)

Py_Initialize();
/* ... use Python API here ... */
Py_Finalize();

10.5 PyConfig

PyConfig
Structure containing most parameters to configure Python.

Structure methods:

void PyConfig_InitPythonConfig (PyConfig *config)
Initialize configuration with Python Configuration.

void PyConfig_InitIsolatedConfig (PyConfig *config)
Initialize configuration with Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t * const *config_str, const wchar_t *str)
Copy the wide character string str into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t * const *config_str, const

char *str)
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t * const *argv)
Set command line arguments from wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char * const *argv)
Set command line arguments: decode bytes using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, PyWideStringList *list,
Py_ssize_t length, wchar_t **items)
Set the list of wide strings list to length and items.

Preinitialize Python if needed.

PyStatus PyConfig_Read (PyConfig *config)
Read all Python configuration.

Fields which are already initialized are left unchanged.
Preinitialize Python if needed.

void PyConfig_Clear (PyConfig *config)
Release configuration memory.

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configu-
ration in based on the PyConfig. If configuration fields which are in common with PyPreConfig are
tuned, they must be set before calling a PyConfig method:

* dev_mode
e isolated
* parse_argv

* use_environment
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Moreover, if PyConfig _SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called first, before other methods, since the preinitialization configuration depends on command line arguments
(if parse_argv is non-zero).

The caller of these methods is responsible to handle exceptions (error or exit) using
PyStatus_Exception () and Py_ExitStatusException ().

Structure fields:

PyWideStringList axrgv
Command line arguments, sys.argv. See parse_argv to parse argv the same way the regular
Python parses Python command line arguments. If argv is empty, an empty string is added to ensure
that sys.argv always exists and is never empty.

wchar_t* base_exec_prefix
sys.base_exec_prefix.

wchar_t* base_executable
sys._base_executable: __ PYVENV_LAUNCHER___ environment variable value, or copy of
PyConfig.executable.

wchar_t* base_prefix
sys.base_prefix.

wchar_t* platlibdir

sys.platlibdir: platform library directory name, set at configure time by
-—-with-platlibdir, overrideable by the PYTHONPLATLIBDIR environment variable.
3.9 B fE.

int buffered_stdio
If equals to 0, enable unbuffered mode, making the stdout and stderr streams unbuffered.

stdin is always opened in buffered mode.

int bytes_warning
If equals to 1, issue a warning when comparing bytes orbytearray with st r, or comparing bytes
with int. If equal or greater to 2, raise a BytesWarning exception.

wchar_t* check_hash_pycs_mode
Control  the validation behavior of hash-based .pyc files (see PEP 552):
——check-hash-based-pycs command line option value.

Valid values: always, never and default.
BRIAE N default.

int configure_c_stdio
If non-zero, configure C standard streams (stdio, stdout, stdout). For example, set their mode
to O_BINARY on Windows.

int dev_mode
If non-zero, enable the Python Development Mode.

int dump_refs
If non-zero, dump all objects which are still alive at exit.

Py_TRACE_REFS macro must be defined in build.

wchar_t* exec_prefix
sys.exec_prefix.

wchar_t* executable
sys.executable.

int faulthandler
If non-zero, call faulthandler.enable () atstartup.
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wchar_t* filesystem_encoding
Filesystem encoding, sys.getfilesystemencoding ().

wchar_t* filesystem_errors
Filesystem encoding errors, sys.getfilesystemencodeerrors ().

unsigned long hash_seed

int use_hash_seed
Randomized hash function seed.

If use_hash_seed s zero, a seed is chosen randomly at Pythonstartup, and hash_ seed is ignored.

wchar_t* home
Python home directory.

Initialized from PYTHONHOME environment variable value by default.

int import_time
If non-zero, profile import time.

int inspect
Enter interactive mode after executing a script or a command.

int install_signal_handlers
Install signal handlers?

int interactive
T HE
int isolated

If greater than 0, enable isolated mode:

* sys.path contains neither the script’s directory (computed from argv [0] or the current direc-
tory) nor the user’s site-packages directory.

* Python REPL doesn’t import readline nor enable default readline configuration on interactive
prompts.

e Set use_environment and user_site_directoryto0.

int legacy_windows_stdio
If non-zero, use io.FileIOinstead of io.WindowsConsoleIOforsys.stdin, sys.stdout
and sys.stderr.

Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.

intmalloc_stats
If non-zero, dump statistics on Python pymalloc memory allocator at exit.

The option is ignored if Python is built using ——without-pymalloc.

wchar_t* pythonpath_env
Module search paths as a string separated by DELIM (os.path.pathsep).

Initialized from PYTHONPATH environment variable value by default.
PyWideStringList module_search_paths

intmodule_search_paths_set
sys.path. If module _search_paths_set is equal to 0, the module_search_paths is
overridden by the function calculating the Path Configuration.

int optimization_level
Compilation optimization level:

¢ 0: Peephole optimizer (and __debug___is set to True)
¢ 1: Remove assertions, set ___debug__ to False

* 2: Strip docstrings
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int parse_argv
If non-zero, parse argv the same way the regular Python command line arguments, and strip Python
arguments from argv: see Command Line Arguments.

int parser_debug
If non-zero, turn on parser debugging output (for expert only, depending on compilation options).

int pathconfig_warnings
If equal to O, suppress warnings when calculating the Path Configuration (Unix only, Windows does not
log any warning). Otherwise, warnings are written into stderr.

wchar_t* prefix
sys.prefix.

wchar_t* program_name
Program name. Used to initialize executable, and in early error messages.

wchar_t* pycache_prefix
sys.pycache_prefix: .pyc cache prefix.

If NULL, sys.pycache_prefixissetto None.

int quiet
Quiet mode. For example, don’t display the copyright and version messages in interactive mode.

wchar_t* run_command
python3 —c COMMAND argument. Used by Py_RunMain ().

wchar_t* run_filename
python3 FILENAME argument. Used by Py RunMain ().

wchar_t* run_module
python3 -m MODULE argument. Used by Py RunMain ().

int show_ref_ count
Show total reference count at exit?

Setto 1 by -X showrefcount command line option.

Need a debug build of Python (Py_REF_DEBUG macro must be defined).
int site_import

Import the site module at startup?

int skip_source_first_line
Skip the first line of the source?

wchar_t* stdio_encoding

wchar_t* stdio_errors
Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr.

int tracemalloc
If non-zero, call tracemalloc.start () atstartup.

int use_environment
If greater than 0, use environment variables.

intuser_site_directory
If non-zero, add user site directory to sys.path.

int verbose
If non-zero, enable verbose mode.

PyWideStringList warnoptions
sys.warnoptions: options of the warnings module to build warnings filters: lowest to highest
priority.
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The warnings module adds sys.warnoptions in the reverse order: the last PyConfig.
warnoptions item becomes the first item of warnings. filters which is checked first (highest
priority).

int write_bytecode
If non-zero, write . pyc files.

sys.dont_write_bytecode is initialized to the inverted value of write_ bytecode.

PyWideStringList xoptions
sys._xoptions.

int _use_peg_parser
Enable PEG parser? Default: 1.

Setto 0 by -X oldparser and PYTHONOLDPARSER.
See also PEP 617.
Deprecated since version 3.9, will be removed in version 3.10.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv: see Command Line Arguments.

The xoptions options are parsed to set other options: see —X option.

FE 3.9 JiRE M The show_alloc_count field has been removed.

10.6 Initialization with PyConfig

Function to initialize Python:

PyStatus Py_InitializeFromConfig (const PyConfig *config)
Initialize Python from config configuration.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Exception() and
Py ExitStatusException ().

If PyImport_FrozenModules, PyImport_AppendInittab () or PyImport_ExtendInittab ()
are used, they must be set or called after Python preinitialization and before the Python initialization.

Example setting the program name:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */

status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;

if (PyStatus_Exception (status)) {

goto fail;
}
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {

goto fail;

}
PyConfig_Clear (&configqg);
return;

(R ogkzh)
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fail:
PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some param-

eters:

PyStatus init_python (const char *program_name)

{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&confiqg);

if (PyStatus_Exception (status)) {
goto done;

/* Append our custom search path to sys.path */
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) A
goto done;

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");
if (PyStatus_Exception(status)) {
goto done;

status = Py_InitializeFromConfig(&confiqg);
done:

PyConfig_Clear (&configqg);
return status;

10.6. Initialization with PyConfig
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10.7 Isolated Configuration

PyPreConfig InitIsolatedConfig() and PyConfig InitIsolatedConfig () functions create
a configuration to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environments variables, command line arguments
(PyConfig.argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration. Set the Path Configuration ("output fields”) to ignore these
configuration files and avoid the function computing the default path configuration.

10.8 Python Configuration

PyPreConfig_InitPythonConfig () and PyConfig_InitPythonConfig () functions create a con-
figuration to build a customized Python which behaves as the regular Python.

Environments variables and command line arguments are used to configure Python, whereas global configuration
variables are ignored.

This function enables C locale coercion (PEP 538) and UTF-8 Mode (PEP 540) depending on the LC_CTYPE
locale, PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

Example of customized Python always running in isolated mode:

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);
config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception(status)) {

goto fail;
3
status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) A

goto fail;

}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

fail:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

}

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);
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10.9 BBZEE

PyConfig contains multiple fields for the path configuration:
s HARRLERIA

— PyConfig.home
— PyConfig.platlibdir
— PyConfig.pathconfig_warnings
— PyConfig.program_name
— PyConfig.pythonpath_env
— current working directory: to get absolute paths
— PATH environment variable to get the program full path (from PyConfig.program_name)
— __ _PYVENV_LAUNCHER___ environment variable

— (Windows only) Application paths in the registry under "SoftwarePythonPythonCoreX.YPythonPath” of
HKEY_CURRENT_USER and HKEY_LOCAL_MACHINE (where X.Y is the Python version).

« Path configuration output fields:
— PyConfig.base_exec_prefix
— PyConfig.base_executable
— PyConfig.base prefix
— PyConfig.exec_prefix
— PyConfig.executable
— PyConfig.module_search_paths_set, PyConfig.module_search_paths
— PyConfig.prefix

If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search_paths_set is equal to 0, module_search_paths is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explic-
itly all path configuration output fields listed above. A string is considered as set even if it is non-empty.
module_search_paths is considered as set if module_search_paths_set isset to 1. In this case, path
configuration input fields are ignored as well.

Set pathconfig warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Win-
dows does not log any warning).

If base _prefix or base_exec_prefix fields are not set, they inherit their value from prefix and
exec_prefix respectively.

Py_RunMain () and Py_Main () modify sys.path:

e If run_filename is set and is a directory which contains a __main__.py script, prepend
run_filenameto sys.path.

e If isolatedis zero:

— If run_moduleis set, prepend the current directory to sy s . path. Do nothing if the current directory
cannot be read.

— If run_ filename is set, prepend the directory of the filename to sys.path.

— Otherwise, prepend an empty string to sy s .path.
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If site_import isnon-zero, sys.path can be modified by the site module. If user_site_directory
is non-zero and the user’s site-package directory exists, the site module appends the user’s site-package directory
to sys.path.

The following configuration files are used by the path configuration:
s pyvenv.cfg
» python._pth (¥ Windows)
e pybuilddir.txt ({{ Unix)

The _ PYVENV_LAUNCHER___ environment variable is used to set PyConfig.base_executable

10.10 Py_RunMain()

int Py_RunMain (void)
Execute the command (PyConfig. run_command), the script (PyConfig.run_filename) or the
module (PyConfig. run_module) specified on the command line or in the configuration.

By default and when if —1 option is used, run the REPL.
Finally, finalizes Python and returns an exit status that can be passed to the exit () function.

See Python Configuration for an example of customized Python always running in isolated mode using
Py _RunMain ().

10.11 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
Get the original command line arguments, before Python modified them.

10.12 Multi-Phase Initialization Private Provisional API

This section is a private provisional API introducing multi-phase initialization, the core feature of the PEP 432:

» ”Core” initialization phase, “bare minimum Python”:

Builtin types;

Builtin exceptions;

Builtin and frozen modules;

— The sys module is only partially initialized (ex: sys.path doesn’t exist yet).

* ”"Main” initialization phase, Python is fully initialized:

Install and configure importlib;

Apply the Path Configuration;

Install signal handlers;

Finish sys module initialization (ex: create sys.stdout and sys.path);

Enable optional features like faulthandler and tracemalloc;

Import the site module;
- 5.

Private provisional API:
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e PyConfig._init_main:ifsetto0, Py_TnitializeFromConfig () stops atthe “Core” initializa-
tion phase.

e PyConfig._isolated_interpreter: if non-zero, disallow threads, subprocesses and fork.

PyStatus _Py_InitializeMain (void)
Move to the "Main” initialization phase, finish the Python initialization.

No module is imported during the "Core” phase and the import1ib module is not configured: the Path Configu-
ration is only applied during the "Main” phase. It may allow to customize Python in Python to override or tune the
Path Configuration, maybe install a custom sys .meta_path importer or an import hook, etc.

It may become possible to calculatin the Path Configuration in Python, after the Core phase and before the Main
phase, which is one of the PEP 432 motivation.

The ”Core” phase is not properly defined: what should be and what should not be available at this phase is not specified
yet. The API is marked as private and provisional: the API can be modified or even be removed anytime until a proper
public API is designed.

Example running Python code between "Core” and "Main” initialization phases:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&confiqg);

PyConfig_Clear (&configqg);
if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "

"file=sys.stderr)");
if (res < 0) {
exit (1) ;
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

10.12. Multi-Phase Initialization Private Provisional API 169



https://www.python.org/dev/peps/pep-0432

The Python/C API, % 3.9.1

170 Chapter 10. Python #)i&{tE=E



cHAPTER 11

11.1 #hid

1& Python /1, NTEEFEM K B]— U5 Frf Python S AIEIR S B FL A HE (heap) . X/NALE HERYAE
T RS Python M 5% 32 %% (Python memory manager) {#iE. Python PNTEATHLERA A ] 1 ZH 4 e b 2
AN SAERAEE IR A, b=, L B E AT .

AR, — AR 24 BT 5 BT R E M AT RS T, ST HE o R 23 A b
FA7 53 Python HIZEHOCHE. 7650 NAFAMALARHOSER |, JLAXE S8 1 RS R o st , FEAR
e AR 4 T O SR 0 O A B W . DL, RO SAE N AT B X R ) T . e
AU, RO R o 7 R AL S 2 BB . DAL, Python OSBRSS — B T 4}
RUAA G SRS, (R & A R e T Az T«

Python i 774 I th ARG R ANAT , T PO BB IAL, BI85 S5 A0 i i e PN AL B0
GREE, BT P EE R Python XFGUNIHA AR v DX 14 3k 23 18] 23 B2 i Python PP PRLAR% 7R
LA 51 i) Python/C APT eR BUEAT I -

J T B NAERER BRI G W AZ AR ) C RS Y BR BICR KT Python X 42 HEAT A, ix st
PRELfIFE: malloc (), calloc(), realloc () fil free (). IXFFFE C HiEsAl Python INTEASHLER
ERE, BIEMEGR, XM T eSS T ARG, IERNRRE L. B2, AL
S C A Tic g R Bk i) H A A AR A, R BT R -

PyObject *res;
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TEHCLENEULT , Python NAFAEBR AR W] RE M A SO A 1 M i 48, AsraR i, A7 Hs i sl LA 15y
PR, TR, S RG] T PR C M TCAR . 8 VO Geih KAL) AT 58 45 Python
NS HA

S U
A5 AF B PYTHONMALLOC W] 4% FH SR Hic # Python 8 ] A8 INAF 43 EiL 2

457 7 PYTHONMALLOCSTATS ] A HI SKAEAE UK A A 5 FAIHN 1) pymalloc % 5 KIS AT Bl pymalloc 7
Ao HBEE.

11.2 RIgAEED

PANBRESE S T ARG lilds . X ERBUR AL LN, NFRERA & B idFs 2240,

default raw memory allocator i FlIX25pR%L: malloc (). calloc (). realloc () fil free(); HHEZRF
TP malloc (1) (8% calloc (1, 1))

3.4 B gE.

void* PyMem_RawMalloc (size_t n)

SMHC n AT R N R ECR N AR voidx RS, ARER AR E] NULL,

TR T T AR (] — A MAFAY IE NULD 455, SRR T PyMem_RawMalloc (1) —#f, {HR
WA 2 DMEAT T X sa AL -

void* PyMem_RawCalloc (size_t nelem, size_t elsize)
SYBE nelem DI0%, FATCEIIKING elsize 747, FRFIFR A ECH NAFERT void> RKABFRE, W
WK R [B] NULL. AR B0 ia ik 2 .

TR REIR o] — R Al NULL $56E, stRIA T PyMem_RawCalloc (1, 1) —#
3.5 B fE.

void* PyMem_RawRealloc (void *p, size_t n)

B p A5 TH NAFBINRFEE n 735 DURTIHINAFBR N R i/ IMECRTE , R AR FFAAE

WA p 2 NULL , WAY T PyMem_RawMalloc (n) 5 {15 n 2T 0, WNAFHI NS,
HR 29 RE, 1R IHE NULL 541 .

MdE p & NULL , BB M2 2 al# HpyMem_RawMalloc () . PyMem_RawRealloc ()
B{PyMem RawCalloc () iR

WK KM, PyMem_RawRealloc () iR[E| NULL , p {/58R2F8 A1 JE i A7 XIS A 2064l -

void PyMem_RawFree (void *p)
B p 18I N AFE IR p W22 2 B Hl PyMem_RawMalloc () . PyMem_RawRealloc ()
B,PyMem_RawCalloc () TR MTREF. BN, BifE PyMem_RawFree (p) Z HIE £ H oWy
BT, REXIT e KA.
2R p 2 NULL, IR At 2 8 E A 2 AT

11.3 JEED

PAF BRI, D7 ANSIC AnifE, JR48E THPRFFIIAYAT N, "HT A Python 7 BLAIREL N AF -
BRINN G5B s il T pymalloc W 5 5B .

B R EO, WA 2 B A S 40 (GIL)

T 3.6 i BAERRIAR 7L i pymalloc i JE R L malloc () .

172 Chapter 11. RHEEIE



The Python/C API, %% 3.9.1
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void PyMem_Del (void *p)
YpyMem_Free () ]

BEAh, FAATAARME T LA 25 M T E R Python WAF A lideds, miA & LIS C APT s%l. H2
R, eI ARELRILE Python A —dEflAeA e, THILAEY FBLH T«

¢ PyMem MALLOC (size)

e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

* PyMem_DEL (ptr)
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1.4 HRIECE

PATeREREE, 78 ANSIC ARifE, FH48E T RZBFIAAT R, 7R T M Python 34 FL ARSI M 77«
RN ZoBe 2% i pymalloc N 55 25

Bl TEREX R BNy, AAURAT 2 5 e 25 4 (GIL)

void* PyObject_Malloc (size_tn)
AL n AR Bl AN FE 1R BL I A void> ZEBIFRER, WA R NR [F] NULL.,

TR AT AR R B — AR 3 NULL 354, BB T PyObject_Malloc (1) —Ff. {HiE
WAFA S DMEAT 5 w1 R Ak -

void* PyObject_Calloc (size_t nelem, size_t elsize)
SYHE nelem DICE, BWNICRIKNA elsize 77, IR MG R FLH AR void> RBUFEr,
LSRR [B] NULL. ARSI b,

TR B AT REIR B — kR AE NULL $5%F, st T PyObject_Calloc (1, 1) —Ff.
3.5 iR EE.

void* PyObject_Realloc (void *p, size_t n)

B p A7 WE NAFBRANFEE n 735 DURTIH AR N R i/ IMECR T, o AR FFANAE

IR *p* 2 “NULL“, NIFH24FJHH PyObject_Malloc (n) ; WHR n ST 0, MPNFHI/ NS
AR, (HANSBOREN, AR [FI9E NULL $54

MedE p & NULL , FNBELNEZ Al HPyobject_Malloc() . PyObject_Realloc ()
B{PyObject_Calloc () AR

WRIER KW, PyObject_Realloc () iR NULL , p {3%K 248 ] e ml WA I A0 A R 1.

void PyObject_Free (void *p)
B p 18 M B N AR 3R, p D22 Z B flPyObject_Malloc() . PyObject_Realloc ()
#pyObject_Calloc() kBl 4a%t. W, BFE PyObject_Free (p) ZHiC &M L
TR, REATHR R

W p J& NULL, IR A A E A 28T .

11.5 BN FESBEC2E

NNA e

& 2R PyMem_RawMallocPyMem_Malloc | PyOb-
ject_Malloc

KA A "pymalloc" malloc pymalloc pymalloc

e "pymalloc_debug"malloc +debug | pymalloc+de- | pymalloc +de-

bug bug

%A pymalloc ) %7 | "malloc" malloc malloc malloc

Ji A

%A pymalloc FJJHiX | "malloc_debug" | malloc +debug | malloc +debug | malloc + debug

i

A -
o SR MIEAr B PYTHONMALLOC FAH.

e malloc: ¥ H CFEER RS /AL, C BKEimalloc (), calloc (), realloc () and free ()
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» pymalloc: pymalloc N 7% e %%

e "+ debug”: FH PyMem SetupDebugHooks () 3R T

11.6 BHEMNESBECES

3.4 B fE.

PyMemAllocatorEx
TR AR BLAS S . BEEATE:

1

aX

void *ctx

ERF SR AR L
X

void* malloc (void *ctx, size_t size)

oy B — AT

elsize)

void* calloc(void *ctx, size_t nelem, size_t

IrBRE— IR O By N AEER

void* realloc(void *ctx, wvoid *ptr,
new_size)

size_t

r Bl AT R BRI

void free(void *ctx, void *ptr)

R AT

£ 3.5 fR B 2: The PyMemAllocator structure was renamed to PyMemAllocatorEx and a new

calloc field was added.

PyMemAllocatorDomain
FAR S BEa A A28 2 . A
PYMEM_DOMAIN_RAW
PRAL
* PyMem RawMalloc ()
* PyMem RawRealloc ()
* PyMem RawCalloc ()
* PyMem RawFree ()

PYMEM_DOMAIN_MEM
PRAL
* PyMem Malloc(),
* PyMem Realloc()
* PyMem_Calloc ()
* PyMem Free()
PYMEM_DOMAIN_OBJ
PREL
e PyObject_Malloc ()
* PyObject_Realloc ()
* PyObject_Calloc()

e PyObject_Free ()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

ARIBURS AE 1 A7 B 2 LA o

11.6. BEXAHFSE RS
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void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BEE TS E I NAFH LA -
MR EBFATHE, HR e gs R Bl — ANl 9E NULL $8 4t

XFPYMEM DOMATN RAW I, Z3Fles bW e AR 24 YO BCaSiR R, ANE 45 i %
4 o

WA LA A2 T ORI Z W iids ) . ARl PyMem_SetupDebugHooks () PR
AEHT 7 e e b R 2 I 1

void PyMem_SetupDebugHooks (void)

BCE AN Python A7) B bR P AR BRI 441

By BCRY NAFE R E7 0xCD (CLEANBYTE ) HFE, BE Ay 0xDD ( DEADBYTE ) JHFT. W
FEHup 2 115245 40 (FORBIDDENBYTE : 277 OxED ).

BT A -
o Kt APT Ryt Sz, Bltn: X PyMem Malloc () ARG IXIHH PyOobject_Free() o
o R G KRB ACERINE A (G X T i) .
o BMZrp XL LN EEHEA (i) .

o K 2498 i PYMEM_DOMAIN_OBJ (Ull: PyObject_Malloc ()) MPYMEM_DOMATIN_MEM ({I:
PyMem_Malloc ()) 5 FLas R A GIL AR ET .

TEHEE, I tracemalloc FRHOE I A AFHB A ECAHI (I E . HA 24 tracemalloc
IEAE B S Python WFA AL, I HNAFHRBHBERS, A& B EH,

3R Python EXERARE N IMIFERY, X4y T Zinstalled by default . 54T H PYTHONMALLOC A
PAHIRAE AT 4131 Python b 228618044 7~

TE 3.6 JRHE M 33X A bR RO AE 38 T AR AR S 4 15 19 Python,  7E W &5 I, R E) + PRAE (i
i tracemalloc & [u] ] Y 77 B4l 20 B i 0 B PR B F IUFE G & 24 PYMEM _DOMATN_OBJ
M PYMEM _DOMAIN_MEM 3 REC R B, 2R REeR B S0 A -

JE 3.8 MU M F47 A%z 0xCB (CLEANBYTE), 0xDB (DEADBYTE) fil 0xFB (FORBIDDENBYTE) B
¥ 0xCD . 0xDD F1 0xFD X LA# ] 5 Windows CRT i malloc () fl free () FAFEMME.

11.7 pymalloc 3o 2§

Python A N B A% A BRI/ S UNTEEET 512 F37) 4kl pymalloc 4y Fids . &8 B g KD
A 256 KiB [ FR A "arenas” (Y INFABLT . X RT S12 FATHY AL, BRI PyMem _RawMalloc ()
M PyMem RawRealloc () .

pymalloc J&PYMEM _DOMAIN_MEM (ff] 4:  PyMem Malloc()) APYMEM _DOMAIN_OBJ (il Un:
PyObject_Malloc ()) I ZKIASEZE .

arena ) liC Al F DA %K

e Windows [ VirtualAlloc () #l VirtualFree () ,

* mmap () Fl munmap () , GERAH,
o BN, malloc () l free() .
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11.7.1 BE X pymalloc Arena 4B 2§

3.4 FIEE.
PyObjectArenaAllocator

JAt R —~ arena S BCAS I HI IR . IXANEEIRAE = AP B

=] aXx

void *ctx YERSE NS B
X

void* alloc(void *ctx, size_t size) AyEE—H size T PXIE,

void free(void *ctx, size_t size, void RER— B Xk

*ptr)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

FRHL arena 7L #R

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
% B arena ) fii s

11.8 tracemalloc C API

3.7 B fE.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

1£ tracemalloc fE P IR EE— AT A BCH NS
BRI 0, HASEHR ] -1 ok B AR AR BRE B . WI2RZEEH T tracemalloc 3R 1] -2,
RN R B, W A PR S

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

1E tracemalloc BIHHHUHRER— N BCH NS . Q1R AESRBR R WA PA T A AT 454
AR tracemalloc g AR F LR ] -2, FIUER[E 0.

11.9 R4l

PATR IR H L NI R G, 2 B PAGE VO G X2 ad il 55— e AR M Python e rp 7L fiy:

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

5 P T ) SRS 28 o R 4 A 7] AR

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

Q3
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(£ L£50)

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

TEEEAEA BRI BI, Gop KBSl 8 T RIS s BOR B . FL b, W TN RENN
PP AR R A APL I, DAGE AR &5 A ) 20 TE g 14 AR Dol A5 ek AT AR P 2 4 25 I AL
B, H— AR fatal RN EIRE T IFFEA FIHE LBV AN R 2 Bods -

char *bufl = PyMem_New (char, BUFSIZ);

char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem_Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —— should be PyMem_Free() */
free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal —-- should be PyMem_Del () */

BT B AEAL IR H Python i) J5 4 N A7 B (1) iR E 2 Ab, Python H X G 2 il ik PyObject New (),
PyObject_NewVar () flPyObject_Del () 4B MRS -

X BERFEAT KANTLE C 7 S BUR X R AR T — = P JHi .
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121 fEHPHEMR

PyObject* _PyObject_New (PyTypeObject *type)
Return value: New reference.

PyVarObject* _PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.

PyObject* PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. i /3 LIS op WIUGALERIZEBUAT] . IR MBI AR (LS AR R o
TR type FRUTXASXI R S SIRIABLIAG I , IR 2IEA R R A I BESIRAG I R R b XA
R HARTFBA LY.

PyVarObject* PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. 'R REM PyObject_Init () —F, FH HRIGEALAS &K /INRIRT SR
R EE

TYPE* PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. ffi ] C 254255 TYPE F1 Python 2RI 4 type 43 i —~ #7119 Python X}
%o ARTEZ Python X 43k hiE LI FBOASBHIIRA: SRM5I TR A —. AR BE R/
type XM tp_basicsize FEHRME o

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. i JT] C MR 4544255 TYPE F1 Python [ ZREINT A type 23 Be—4~ 8119
Python Xf 4. Python Xf 5k U A & L) FBOR SR IR L. W BCHY NAF 2SRl T | TYPE
LERNN type MR tp_itemsize TFEARMEN size FEAYE . O T SEAUTCAIX FHREBTEAY 1
WPeE B ORISR RS o R B B AL i A B R 3 A7 23 BC v Rl A2 N A7 43 B 1Y
UB, X T WA BCIIRCE .

void PyObject_Del (void *op)
Rt Pyobject_New () 8{(# PyObject _NewVar () PHCNFFRIXTR . Xl H XA type 7
BOE X tp_dealloc ABReREORIAM - P8 IEXABEEAJG op X5 iy 7 BOAR AN o] AR 517
MR LR N AF 25 [H] E R R — AN 2401 Python X4 .
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PyObject _Py_NoneStruct
4 None —H£RY Python XF R . XX GALA VA Py_None 5], XA BUSHR XA XR 1
a5t

S
PyModule_Create () /3B NAFAGI @Y B,

12.2 Common Object Structures

There are a large number of structures which are used in the definition of object types for Python. This section
describes these structures and how they are used.

12.2.1 Base object types and macros

All Python objects ultimately share a small number of fields at the beginning of the object’s representation in memory.
These are represented by the PyOb ject and PyVarObject types, which are defined, in turn, by the expansions
of some macros also used, whether directly or indirectly, in the definition of all other Python objects.

PyObject
All object types are extensions of this type. This is a type which contains the information Python needs to treat
a pointer to an object as an object. In a normal “release” build, it contains only the object’s reference count and
a pointer to the corresponding type object. Nothing is actually declared to be a PyOb ject, but every pointer
to a Python object can be cast to a PyOb ject *. Access to the members must be done by using the macros
Py_REFCNT and Py_ TYPE.

PyVarObject
This is an extension of PyOb ject that adds the ob_s1ize field. This is only used for objects that have some
notion of length. This type does not often appear in the Python/C API. Access to the members must be done
by using the macros Py_ REFCNT, Py_TYPE,and Py_STIZE.

PyObject_HEAD
This is a macro used when declaring new types which represent objects without a varying length. The PyOb-
ject_HEAD macro expands to:

PyObject ob_base;

See documentation of PyOb ject above.

PyObject_VAR_HEAD
This is a macro used when declaring new types which represent objects with a length that varies from instance
to instance. The PyObject_VAR_HEAD macro expands to:

PyVarObject ob_base;

See documentation of PyVarOb ject above.

Py_TYPE (0)
This macro is used to access the ob_t ype member of a Python object. It expands to:

(((PyObject*) (o)) -—>ob_type)

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
Return non-zero if the object o type is type. Return zero otherwise. Equivalent to: Py_TYPE (0) == type.
3.9 Hi e

void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
Set the object o type to type.

3.9 B RE.
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Py_REFCNT (0)
This macro is used to access the ob_refcnt member of a Python object. It expands to:

(((PyObject*) (0))->ob_refcnt)

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
Set the object o reference counter to refcnt.

3.9 B fE.

Py_SIZE (0)
This macro is used to access the ob__size member of a Python object. It expands to:

(((PyVarObject™) (o)) -—>ob_size)

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
Set the object o size to size.

3.9 B fE.

PyObject_HEAD_INIT (type)
This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:

_PyObject_EXTRA_INIT
1/ typel

PyVarObject_HEAD_INIT (type, size)
This is a macro which expands to initialization values for a new Py VarOb ject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

12.2.2 Implementing functions and methods

PyCFunction
Type of the functions used to implement most Python callables in C. Functions of this type take two
PyObject * parameters and return one such value. If the return value is NULL, an exception shall have
been set. If not NULL, the return value is interpreted as the return value of the function as exposed in Python.
The function must return a new reference.

The function signature is:

PyObject *PyCFunction (PyObject *self,
PyObject *args);

PyCFunctionWithKeywords
Type of the functions used to implement Python callables in C with signature METH_VARARGS |
METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

_PyCFunctionFast
Type of the functions used to implement Python callables in C with signature METH_FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);
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_PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames) ;

PyCMethod
Type of the functions used to implement Python callables in C with signature METH_METHOD |
METH_FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

3.9 B fE.

PyMethodDef
Structure used to describe a method of an extension type. This structure has four fields:

2] C A B

ml_name const char * name of the method

ml_meth PyCFunction | pointer to the C implementation

ml_flags | int flag bits indicating how the call should be constructed
ml_doc const char * | points to the contents of the docstring

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject *.
If the function is not of the PyCFunct ion, the compiler will require a cast in the method table. Even though
PyCFunct ion defines the first parameter as PyOb ject *, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

There are these calling conventions:

METH_VARARGS
This is the typical calling convention, where the methods have the type PyCFunct i on. The function expects
two PyObject * values. The first one is the self object for methods; for module functions, it is the module
object. The second parameter (often called args) is a tuple object representing all arguments. This parameter
is typically processed using PyArg_ParseTuple () or PyArg _UnpackTuple ().

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using
PyArg ParseTupleAndKeywords ().

METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type
_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject *
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

This is not part of the limited API.
3.7 Hi e

METH_FASTCALL | METH_KEYWORDS
Extension of METH _FASTCALIL supporting also keyword arguments, with methods of type
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_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the
vectorcall protocol: there is an additional fourth PyOb ject * parameter which is a tuple representing the
names of the keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no
keywords. The values of the keyword arguments are stored in the args array, after the positional arguments.

This is not part of the limited API.
3.7 BRI HE.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that
contains the method in question. The defining class might be a superclass of Py_TYPE (self).

The method needs to be of type PyCMethod, the same as for METH_FASTCALL | METH_KEYWORDS
with defining_class argument added after self.

3.9 FRTgE.

METH_NOARGS
Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg ParseTuple () with a "O" argument. They have the type PyCFunct ion, with the self pa-
rameter, and a PyOb ject * parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is
used to create class methods, similar to what is created when using the classmethod () built-in function.

METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to
create static methods, similar to what is created when using the stat icmethod () built-in function.

One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip
repeated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains
slot, for example, would generate a wrapped method named __contains__ () and preclude the loading of
a corresponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in
place of the wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are
optimized more than wrapper object calls.

12.2.3 Accessing attributes of extension types

PyMemberDef
Structure which describes an attribute of a type which corresponds to a C struct member. Its fields are:

2} C BX

name const char * | name of the member

type int the type of the member in the C struct

offset | Py_ssize_t the offset in bytes that the member is located on the type’s object struct
flags int flag bits indicating if the field should be read-only or writable

doc const char * | points to the contents of the docstring
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type can be one of many T_ macros corresponding to various C types. When the member is accessed in
Python, it will be converted to the equivalent Python type.

Macro name C #imal
T_SHORT short

T_INT int

T_LONG el
T_FLOAT float
T_DOUBLE double

T _STRING const char *
T_OBJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR char

T BYTE char
T_UBYTE unsigned char
T_UINT P s o
T_USHORT unsigned short
T_ULONG TfF T KA
T_BOOL char
T_LONGLONG long long
T_ULONGLONG | Ji£§%5 long long
T_PYSSIZET Py_ssize_t

T_OBJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and
T_OBJECT_EX raises an AttributeError. TQ/K)UK:T_OBJECT_EX(W&?T_OBJECTlmcmme
T_OBJECT_EX handles use of the de1 statement on that attribute more correctly than T_OBJECT.

flags can be 0 for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX mem-
bers can be deleted. (They are set to NULL).

Heap allocated types (created using PyType FromSpec () or similar), PyMemberDef may
contain definitions for the special members __dictoffset_ , _ weaklistoffset__ and
_ vectorcalloffset_ , corresponding to tp_ dictoffset, tp _weaklistoffset and
tp_vectorcall_offset in type objects. These must be defined with T_PYSSIZET and READONLY,
for example:

static PyMemberDef spam_type_members[] = {
{"__dictoffset__ ", T_PYSSIZET, offsetof (Spam_object,
{NULL} /* Sentinel */

dict), READONLY},

bi

PyGetSetDef

Structure to define property-like access for a type. See also description of the Py TypeObject.tp_getset
slot.

1 ¢ 3:1] BXY

name const char * | attribute name

get getter C Function to get the attribute

set setter optional C function to set or delete the attribute, if omitted the attribute is readonly
doc const char * | optional docstring

clo- void * optional function pointer, providing additional data for getter and setter

sure

The get function takes one PyObject * parameter (the instance) and a function pointer (the associated
closure):

184
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typedef PyObject * (*getter) (PyObject *, woid *);

It should return a new reference on success or NULL with a set exception on failure.

set functions take two PyOb ject * parameters (the instance and the value to be set) and a function pointer
(the associated closure):

typedef int (*setter) (PyObject *, PyObject *, wvoid *);

In case the attribute should be deleted the second parameter is NULL. Should return O on success or —1 with
a set exception on failure.

12.3 Type &

Perhaps one of the most important structures of the Python object system is the structure that defines a new type:
the Py TypeOb ject structure. Type objects can be handled using any of the PyObject_* () or PyType_* ()
functions, but do not offer much that’s interesting to most Python applications. These objects are fundamental to how
objects behave, so they are very important to the interpreter itself and to any extension module that implements new

types.

Type objects are fairly large compared to most of the standard types. The reason for the size is that each type object
stores a large number of values, mostly C function pointers, each of which implements a small part of the type’s
functionality. The fields of the type object are examined in detail in this section. The fields will be described in the
order in which they occur in the structure.

In addition to the following quick reference, the 4] 5~ section provides at-a-glance insight into the meaning and use

of PyTypeObject.

12.3.1 BRiESE

"tp 8"

PyTypeObiject &' Type Y ViRl 5
B
QT DI
<R> tp_name const char * __name__ X X
tp_basicsize Py_ssize_t X X X
tp_itemsize Py_ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py_ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __getattr__ €
(tp_setattr) setattrfunc __setattr__, _ delattr__ G
tp_as_async PyAsyncMethods * sub-slots %
tp_repr reprfunc __repr__ X X X
tp_as_number PyNumberMethods * sub-slots %
tp_as_sequence PySequenceMethods * sub-slots %
tp_as_mapping PyMappingMethods * sub-slots %
tp_hash hashfunc __hash__ X G
tp_call ternaryfunc _call X X
tp_str reprfunc s X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __setattr__, __ delattr__ X X G
tp_as_buffer PyBufferProcs * %
tp_flags T KA XX [?
TR E:
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R1-Ztn
PyTypeObject #&' Type R B =
:u,sz

QT DI
tp_doc const char * X X
tp_traverse traverseproc X (€
tp_clear inquiry X G
tp_richcompare richcmpfunc It ,_le , _eq ,_ne_,| X G

,__ge__

tp_weaklistoffset Py_ssize_t X ?
tp_iter getiterfunc X
tp_iternext iternextfunc X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * __base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc X
tp_descr_set descrsetfunc ,__delete___ X
tp_dictoffset Py_ssize_t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc . X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases__ ~
<tp_mro> PyObject * ~
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] s il
tp_finalize destructor X
tp_vectorcall vectorcallfunc

' A slot name in parentheses indicates it is (effectively) deprecated. Names in angle brackets should be treated as read-only. Names in square
brackets are for internal use only. "<R>” (as a prefix) means the field is required (must be non-NULL).

25

”0”: set on PyBaseObject_Type

”T”: seton PyType_Type

”D”: default (if slot is set to NULL)

X - PyType_Ready sets this wvalue if it is NULL

~ — PyType_Ready always sets this wvalue

(it should be NULL)

? — PyType_Ready may set this value depending on other slots

Also see the inheritance column ("I").

”I”: inheritance

ke

o\

DR

- it's complicated;

Note that some slots are effectively inherited through the normal attribute lookup chain.

see the slot's description

- type slot is inherited via *PyType_Ready* if defined with a *NULL* value
— the slots of the sub-struct are inherited individually

— inherited, but only in combination with other slots; see the slot's description
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sub-slots
i Type HH®AE
am_awailt unaryfunc __await__
am_aiter unaryfunc __ aiter__
am_anext unaryfunc __anext__
nb_add binaryfunc _add__ _ radd__
nb_inplace_add binaryfunc __jadd__
nb_subtract binaryfunc _sub___ rsub__
nb_inplace_subtract binaryfunc __sub__
nb_multiply binaryfunc _mul__ _ rmul__
nb_inplace_multiply binaryfunc _mul__
nb_remainder binaryfunc _mod__ _ rmod__
nb_inplace_remainder binaryfunc __mod__
nb_divmod binaryfunc __divmod__
__rdivmod__
nb_power ternaryfunc __pow__ __rpow__
nb_inplace_power ternaryfunc __pow__
nb_negative unaryfunc __neg_
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_lshift binaryfunc __Ishift__ _ rlshift__
nb_inplace_1lshift binaryfunc _ Ishift__
nb_rshift binaryfunc __rshift__
_rrshift__
nb_inplace_rshift binaryfunc __rshift__
nb_and binaryfunc _and__ __rand__
nb_inplace_and binaryfunc _and__
nb_xor binaryfunc __XOr__ _ rXxor__
nb_inplace_xor binaryfunc __XOor__
nb_or binaryfunc _or__ _ ror__
nb_inplace_or binaryfunc __or__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor_divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc _ floordiv__
nb_true_divide binaryfunc _ truediv__
nb_inplace_true_divide binaryfunc _ truediv__
nb_index unaryfunc __index__
nb_matrix_multiply binaryfunc __matmul__
__rmatmul__
nb_inplace_matrix_multiply binaryfunc __matmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,
__delitem___
sq_length lenfunc __len__
sq_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul
T4
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R2-ZIW

] Type YR A
sg_item ssizeargfunc __getitem__
sq_ass_item ssizeobjargproc __ setitem__
_delitem___
sq_contains objobjproc __contains__
sq_inplace_concat binaryfunc _ dadd__
sq_inplace_repeat ssizeargfunc __imul__
bf_getbuffer getbufferproc()
bf_releasebuffer releasebufferproc()
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slot typedefs
typedef SH%R EEES]
allocfunc PyObject *
PyTypeObject *
Py_ssize_t
destructor void * void
freefunc void * void
traverseproc A
void *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc A
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc A
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc Al
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
descrsetfunc B
PyObject *
Dz + 3k
L_Y\./AJJ CcTT
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richcmpfunc

PyObiect *



The Python/C API, %% 3.9.1

2 [iSlot Type typedefs HATHZ HEANE .-

12.3.2 PyTypeObject Definition

The structure definition for Py TypeObject can be found in Tnclude/object . h. For convenience of refer-
ence, this repeats the definition found there:

typedef struct _typeobject {

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */

29
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struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;

} PyTypeObiject;

12.3.3 PyObiject Slots

The type object structure extends the PyVarOb ject structure. The ob_size field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that Py Type_ Type (the metatype) initializes
tp_itemsize, which means that its instances (i.e. type objects) must have the ob_size field.

PyObject* PyObject . _ob_next

PyObject* PyObject . _ob_prev
These fields are only present when the macro Py_TRACE_REFS is defined. Their initialization to NULL
is taken care of by the PyObject_HEAD_INIT macro. For statically allocated objects, these fields always
remain NULL. For dynamically allocated objects, these two fields are used to link the object into a doubly-linked
list of all live objects on the heap. This could be used for various debugging purposes; currently the only use is
to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF' S
is set.

Inheritance:
These fields are not inherited by subtypes.

Py_ssize_t PyObject.ob_refcnt
This is the type object’s reference count, initialized to 1 by the PyObject_HEAD_INIT macro. Note that
for statically allocated type objects, the type’s instances (objects whose ob_t ype points back to the type) do
not count as references. But for dynamically allocated type objects, the instances do count as references.

Inheritance:
This field is not inherited by subtypes.

PyTypeObject* PyObject .ob_type
This is the type’s type, in other words its metatype. It is initialized by the argument to the
PyObject_HEAD_INIT macro, and its value should normally be §PyType_Type. However, for dynam-
ically loadable extension modules that must be usable on Windows (at least), the compiler complains that this
is not a valid initializer. Therefore, the convention is to pass NULL to the PyObject_HEAD_INIT macro
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and to initialize this field explicitly at the start of the module’s initialization function, before doing anything
else. This is typically done like this:

Foo_Type.ob_type = &PyType_Type;

This should be done before any instances of the type are created. PyType_Ready () checks if ob_type
is NULL, and if so, initializes it to the ob_t ype field of the base class. Py Type_ Ready () will not change
this field if it is non-zero.

Inheritance:

This field is inherited by subtypes.

12.3.4 PyVarObject Slots

Py_ssize_t PyVarObject .ob_size

For statically allocated type objects, this should be initialized to zero. For dynamically allocated type objects,
this field has a special internal meaning.

Inheritance:

This field is not inherited by subtypes.

12.3.5 PyTypeObject Slots

Each slot has a section describing inheritance. If PyType_ Ready () may set a value when the field is set to
NULL then there will also be a “Default” section. (Note that many fields set on PyBaseObject_Type and
PyType_ Type effectively act as defaults.)

const char* PyTypeObject .tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module
globals, the string should be the full module name, followed by a dot, followed by the type name; for built-in
types, it should be just the type name. If the module is a submodule of a package, the full package name is
part of the full module name. For example, a type named T defined in module M in subpackage Q in package
P should have the tp_name initializer "P.Q .M. T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly
stored in the type dict as the value for key ' __module__'.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot
is made accessible as the __module___ attribute, and everything after the last dot is made accessible as the
___name___ attribute.

If no dot is present, the entire tp_name field is made accessible as the __name___ attribute, and the
__module___ attribute is undefined (unless explicitly set in the dictionary, as explained above). This means
your type will be impossible to pickle. Additionally, it will not be listed in module documentations created
with pydoc.

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially
tp_itemsize).

Inheritance:

This field is not inherited by subtypes.

Py_ssize_t PyTypeObject.tp_basicsize
Py_ssize_t PyTypeObject.tp_itemsize

These fields allow calculating the size in bytes of instances of the type.

There are two kinds of types: types with fixed-length instances have a zero tp_itemsi ze field, types with
variable-length instances have a non-zero tp_itemsize field. For a type with fixed-length instances, all
instances have the same size, given in tp_basicsize.
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For a type with variable-length instances, the instances must have an ob_s1ize field, and the instance size
is tp_basicsize plus N times tp_itemsize, where N is the "length” of the object. The value of
N is typically stored in the instance’s ob_s1ize field. There are exceptions: for example, ints use a negative
ob_size toindicate a negative number, and Nis abs (ob_size) there. Also, the presence of anob_size
field in the instance layout doesn’t mean that the instance structure is variable-length (for example, the structure
for the list type has fixed-length instances, yet those instances have a meaningful ob_s1i ze field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an ini-
tializer for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance
layout. The basic size does not include the GC header size.

A note about alignment: if the variable items require a particular alignment, this should be taken care of by the
value of tp_hbasicsize. Example: suppose a type implements an array of double. tp_itemsize
is sizeof (double). It is the programmer’s responsibility that tp basicsize is a multiple of
sizeof (double) (assuming this is the alignment requirement for double).

For any type with variable-length instances, this field must not be NULL.
Inheritance:

These fields are inherited separately by subtypes. If the base type has a non-zero tp_itemsize, it is gen-
erally not safe to set tp_itemsize to a different non-zero value in a subtype (though this depends on the
implementation of the base type).

destructor PyTypeObject . tp_dealloc
A pointer to the instance destructor function. This function must be defined unless the type guarantees that
its instances will never be deallocated (as is the case for the singletons None and E11ipsis). The function
signature is:

void tp_dealloc (PyObject *self);

The destructor function is called by the Py DECREF () and Py_XDECREF () macros when the new ref-
erence count is zero. At this point, the instance is still in existence, but there are no references to it. The
destructor function should free all references which the instance owns, free all memory buffers owned by the
instance (using the freeing function corresponding to the allocation function used to allocate the buffer), and
call the type’s t p_ f ree function. If the type is not subtypable (doesn’t have the Py TPFLAGS_BASETYPE
flag bit set), it is permissible to call the object deallocator directly instead of via t p_ free. The object deal-
locator should be the one used to allocate the instance; this is normally PyObject_Del () if the instance
was allocated using PyObject_New () or PyObject_VarNew (), or PyObject_GC_Del () if the
instance was allocated using PyObject_GC_New () or PyObject_GC_NewVar ().

Finally, if the type is heap allocated (Py_ TPFLAGS_HEAPTYPE), the deallocator should decrement the ref-
erence count for its type object after calling the type deallocator. In order to avoid dangling pointers, the
recommended way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free(self);
Py_DECREF (tp) ;

Inheritance:
This field is inherited by subtypes.

Py_ssize_t PyTypeObject.tp_vectorcall_offset
An optional offset to a per-instance function that implements calling the object using the vectorcall protocol, a
more efficient alternative of the simpler tp_call.

This field is only used if the flag Py TPFLAGS HAVE_VECTORCALL is set. If so, this must be a positive
integer containing the offset in the instance of a vectorcall func pointer.
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The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py _TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets Py_ TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure its
behaviour is consistent with the vectorcallfunc function. This can be done by setting #p_call to
PyVectorcall_Call().

#ge e It is not recommended for heap types to implement the vectorcall protocol. When a user sets

__call__ inPython code, only fp_call is updated, likely making it inconsistent with the vectorcall func-
tion.

{1:fi#: The semantics of the tp_vectorcall_offset slot are provisional and expected to be finalized
in Python 3.9. If you use vectorcall, plan for updating your code for Python 3.9.

TE 3.8 i HE R Before version 3.8, this slot was named tp_print. In Python 2.x, it was used for printing
to a file. In Python 3.0 to 3.7, it was unused.

Inheritance:

This field is always inherited. However, the Py_ TPFLAGS _HAVE_VECTORCALLflagis not always inherited.
If it’s not, then the subclass won’t use vectorcall, except when PyVectorcall_Call () isexplicitly called.
This is in particular the case for eap types (including subclasses defined in Python).

getattrfunc PyTypeObject . tp_getattr
An optional pointer to the get-attribute-string function.

This field is deprecated. When it is defined, it should point to a function that acts the same as the
tp_getattro function, but taking a C string instead of a Python string object to give the attribute name.

Inheritance:
Group: tp_getattr, tp_getattro

This field is inherited by subtypes together with t p_getattro: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

setattrfunc PyTypeObject .tp_setattr
An optional pointer to the function for setting and deleting attributes.

This field is deprecated. When it is defined, it should point to a function that acts the same as the
tp_setattro function, but taking a C string instead of a Python string object to give the attribute name.

Inheritance:
Group: tp_setattr, tp_setattro

This field is inherited by subtypes together with t p_setattro: a subtype inherits both tp_setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.

PyAsyncMethods* PyTypeObject .tp_as_async
Pointer to an additional structure that contains fields relevant only to objects which implement awaitable and
asynchronous iterator protocols at the C-level. See Async Object Structures for details.

3.5 #rii ) fE: Formerly known as tp_compare and tp_reserved.
Inheritance:
The tp_as_async field is not inherited, but the contained fields are inherited individually.

reprfunc PyTypeObject .tp_repr
An optional pointer to a function that implements the built-in function repr ().

The signature is the same as for PyObject_Repr ():
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PyObject *tp_repr (PyObject *self);

The function must return a string or a Unicode object. Ideally, this function should return a string that, when
passed to eval (), given a suitable environment, returns an object with the same value. If this is not feasible,
it should return a string starting with ' <' and ending with ' >"' from which both the type and the value of the
object can be deduced.

Inheritance:
This field is inherited by subtypes.
Default:

When this field is not set, a string of the form <%s object at $%$p> isreturned, where $s is replaced by
the type name, and %$p by the object’s memory address.

PyNumberMethods* PyTypeObject .tp_as_number
Pointer to an additional structure that contains fields relevant only to objects which implement the number
protocol. These fields are documented in Number Object Structures.

Inheritance:
The tp_as_number field is not inherited, but the contained fields are inherited individually.

PySequenceMethods* PyTypeObject .tp_as_sequence
Pointer to an additional structure that contains fields relevant only to objects which implement the sequence
protocol. These fields are documented in Sequence Object Structures.

Inheritance:
The tp_as_sequence field is not inherited, but the contained fields are inherited individually.

PyMappingMethods* PyTypeObject . tp_as_mapping
Pointer to an additional structure that contains fields relevant only to objects which implement the mapping
protocol. These fields are documented in Mapping Object Structures.

Inheritance:
The tp_as_mapping field is not inherited, but the contained fields are inherited individually.

hashfunc PyTypeObject .tp_hash
An optional pointer to a function that implements the built-in function hash ().

The signature is the same as for PyObject_Hash ():

Py_hash_t tp_hash (PyObject *);

The value -1 should not be returned as a normal return value; when an error occurs during the computation
of the hash value, the function should set an exception and return —1.

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyObject_HashNot Implemented ().

This field can be set explicitly to PyObject_HashNotImplemented () to block inheritance of the hash
method from a parent type. This is interpreted as the equivalent of __hash__ = None at the Python
level, causing isinstance (o, collections.Hashable) to correctly return False. Note that the
converse is also true - setting __hash__ = None on a class at the Python level will result in the tp_hash
slot being set to PyOb ject_HashNot Implemented ().

Inheritance:
Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with tp_richcompare: a subtype inherits both of
tp_richcompareand tp_hash, whenthe subtype’s tp_richcompareand tp_hash are both NULL.
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ternaryfunc PyTypeObject .tp_call
An optional pointer to a function that implements calling the object. This should be NULL if the object is not
callable. The signature is the same as for PyObject_Call ():

PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs);

Inheritance:
This field is inherited by subtypes.

reprfunc PyTypeObject .tp_str
An optional pointer to a function that implements the built-in operation st r () . (Note that st r is a type now,
and str () calls the constructor for that type. This constructor calls PyObject_Str () to do the actual
work, and PyObject_Str () will call this handler.)

The signature is the same as for PyObject_Str ():

PyObject *tp_str (PyObject *self);

The function must return a string or a Unicode object. It should be a "friendly” string representation of the
object, as this is the representation that will be used, among other things, by the print () function.

Inheritance:

This field is inherited by subtypes.

Default:

When this field is not set, PyObject_Repr () is called to return a string representation.

getattrofunc PyTypeObject . tp_getattro
An optional pointer to the get-attribute function.

The signature is the same as for PyObject_GetAttr ():

PyObject *tp_getattro(PyObject *self, PyObject *attr);

It is usually convenient to set this field to PyOb ject_GenericGetAttr (), which implements the normal
way of looking for object attributes.

Inheritance:
Group: tp_getattr, tp_getattro

This field is inherited by subtypes together with tp_getattr: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

Default:
PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc PyTypeObject .tp_setattro
An optional pointer to the function for setting and deleting attributes.

The signature is the same as for PyObject_SetAttr():

int tp_setattro(PyObject *self, PyObject *attr, PyObject *value);

In addition, setting value to NULL to delete an attribute must be supported. It is usually convenient to set this
field to PyOb ject_GenericSetAttr (), which implements the normal way of setting object attributes.

Inheritance:
Group: tp_setattr, tp_setattro

This field is inherited by subtypes together with tp_setattr: a subtype inherits both tp_setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.

Default:
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PyBaseObject_Type uses PyObject_GenericSetAttr ().

PyBufferProcs* PyTypeObject .tp_as_buffer
Pointer to an additional structure that contains fields relevant only to objects which implement the buffer in-
terface. These fields are documented in Buffer Object Structures.

Inheritance:
The tp_as_buffer field is not inherited, but the contained fields are inherited individually.

unsigned long PyTypeObject .tp_£flags
This field is a bit mask of various flags. Some flags indicate variant semantics for certain situations; oth-
ers are used to indicate that certain fields in the type object (or in the extension structures referenced via
tp_as_number, tp_as_sequence, tp_as_mapping, and tp_as_buffer) that were historically
not always present are valid; if such a flag bit is clear, the type fields it guards must not be accessed and must
be considered to have a zero or NULL value instead.

Inheritance:

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS_ HAVE_ GC flag bit is inherited together with the
tp_traverse and tp_clear fields, i.e. if the Py_TPFLAGS_HAVE_GC flag bit is clear in the subtype
and the tp_traverseand tp_clear fields in the subtype exist and have NULL values.

Default:
PyBaseObject_Type uses Py_ TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

The following bit masks are currently defined; these can be ORed together using the | operator to form the
value of the tp_ flags field. The macro PyType HasFeature () takes a type and a flags value, #p and
f, and checks whether tp->tp_flags & f isnon-zero.

Py_TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). Inthis case, the ob_t ype field of its instances is considered a reference
to the type, and the type object is INCREFed when a new instance is created, and DECREFed when
an instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the
instance’s ob_type gets INCREFed or DECREFed).

Inheritance:
77?
Py_TPFLAGS_BASETYPE

This bit is set when the type can be used as the base type of another type. If this bit is clear, the type
cannot be subtyped (similar to a “final” class in Java).

Inheritance:
277

Py_TPFLAGS_READY
This bit is set when the type object has been fully initialized by Py Type_Ready ().
Inheritance:
77?
Py_TPFLAGS_READYING
This bit is set while Py Type_Ready () is in the process of initializing the type object.

Inheritance:

m
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Py_TPFLAGS_HAVE_GC

This bit is set when the object supports garbage collection. If this bit is set, instances must be created using
PyObject_GC_New () and destroyed using PyOb ject_GC_Del (). More information in section
{2t % A F 345373538 =)k, This bit also implies that the GC-related fields tp_t raverse and
tp_clear are present in the type object.

Inheritance:
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_ GC flag bit is inherited together with the tp_traverse and tp_clear
fields, i.e. if the Py TPFLAGS_HAVE_ GC flag bit is clear in the subtype and the tp_traverse and
tp_clear fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT

This is a bitmask of all the bits that pertain to the existence of certain fields in the
type object and its extension structures. Currently, it includes the following bits:
Py_TPFLAGS_HAVE_STACKLESS_EXTENSION, Py_TPFLAGS_HAVE_VERSION_TAG.

Inheritance:

m

Py_TPFLAGS_METHOD_DESCRIPTOR

This bit indicates that objects behave like unbound methods.
If this flag is set for t ype (meth), then:

e meth.__get__ (obj, cls) (*args, **kwds) (with obj not None) must be equivalent
tometh (obj, *args, **kwds).

e meth.__get__ (None, cls) (*args, **kwds) must be equivalent to meth (*args,
**kwds).

This flag enables an optimization for typical method calls like ob7j.meth () : it avoids creating a tem-
porary “bound method” object for obj .meth.

3.8 Bl e
Inheritance:

This flag is never inherited by heap types. For extension types, it is inherited whenever tp_descr_get
is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS
Py_TPFLAGS_TYPE_SUBCLASS

These flags are used by functions such as PyLong Check () to quickly determine if a type
is a subclass of a built-in type; such specific checks are faster than a generic check, like
PyObject_IsInstance (). Custom types that inherit from built-ins should have their tp_flags
set appropriately, or the code that interacts with such types will behave differently depending on what
kind of check is used.

Py_TPFLAGS_HAVE_FINALIZE

This bit is set when the tp_finalize slotis present in the type structure.

3.4 B RE.
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3.8 5 EL #5145 This flag isn’t necessary anymore, as the interpreter assumes the tp_finalize slot
is always present in the type structure.

Py_TPFLAGS_HAVE_VECTORCALL
This bit is set when the class implements the vectorcall protocol. See tp_vectorcall_offset for
details.

Inheritance:

This bit is inherited for static subtypes if tp_call is also inherited. Heap types do not inherit
Py_TPFLAGS_HAVE_VECTORCALL

3.9 BRI e

const char* PyTypeObject .tp_doc
An optional pointer to a NUL-terminated C string giving the docstring for this type object. This is exposed as
the _ doc___ attribute on the type and instances of the type.

Inheritance:
This field is not inherited by subtypes.

traverseproc PyTypeObject .tp_traverse
An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_traverse (PyObject *self, visitproc visit, wvoid *arg);

More information about Python’s garbage collection scheme can be found in section 1% % % & & & #1431
¥ IR e L.

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_t raverse function simply calls Py VISIT () on each of the instance’s members that
are Python objects that the instance owns. For example, this is function local_traverse () from the
_thread extension module:

static int
local_traverse (localobject *self, visitproc visit, woid *arg)
{

Py_VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return 0;

Note that Py VISIT () is called only on those members that can participate in reference cycles. Although
there is also a self->key member, it can only be NULL or a Python string and therefore cannot be part of
a reference cycle.

On the other hand, even if you know a member can never be part of a cycle, as a debugging aid you may want
to visit it anyway just so the gc module’s get _referents () function will include it.

#% fo: When implementing tp_traverse, only the members that the instance owns (by having
strong references to them) must be visited. For instance, if an object supports weak references via the
tp_weak1ist slot, the pointer supporting the linked list (what p_weaklist points to) must not be visited
as the instance does not directly own the weak references to itself (the weakreference list is there to support
the weak reference machinery, but the instance has no strong reference to the elements inside it, as they
are allowed to be removed even if the instance is still alive).

Note that Py VISIT () requires the visit and arg parametersto Local_traverse () tohave these specific
names; don’t name them just anything.
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Heap-allocated types (Py_TPFLAGS_HEAPTYPE, such as those created with PyType FromSpec ()
and similar APIs) hold a reference to their type. Their traversal function must therefore either visit
Py_TYPE (self), or delegate this responsibility by calling t p_t raverse of another heap-allocated type
(such as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

TE 3.9 Jit B L Heap-allocated types are expected to visit Py_TYPE (self) in tp_traverse. In earlier
versions of Python, due to bug 40217, doing this may lead to crashes in subclasses.

Inheritance:
Group: Py_ TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py_ TPFLAGS_HAVE_GC flag bit: the
flagbit, tp_traverse,and tp_clear areall inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear

An optional pointer to a clear function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_clear (PyObject *);

The tp_clear member function is used to break reference cycles in cyclic garbage detected by the garbage
collector. Taken together, all tp_ clear functions in the system must combine to break all reference cycles.
This is subtle, and if in any doubt supply a t p_ clear function. For example, the tuple type does not imple-
ment a tp_ clear function, because it’s possible to prove that no reference cycle can be composed entirely
of tuples. Therefore the t p_clear functions of other types must be sufficient to break any cycle containing
a tuple. This isn’t immediately obvious, and there’s rarely a good reason to avoid implementing tp_clear.

Implementations of tp_clear should drop the instance’s references to those of its members that may be
Python objects, and set its pointers to those members to NULL, as in the following example:

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR (self->args);
Py_CLEAR (self->kw);
Py_CLEAR (self->dict);
return O;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the con-
tained object must not be decremented until after the pointer to the contained object is set to NULL. This is
because decrementing the reference count may cause the contained object to become trash, triggering a chain
of reclamation activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks,
associated with the contained object). If it’s possible for such code to reference self again, it’s important that
the pointer to the contained object be NULL at that time, so that self knows the contained object can no longer
be used. The Py_ CLEAR () macro performs the operations in a safe order.

Because the goal of tp_clear functions is to break reference cycles, it’s not necessary to clear contained
objects like Python strings or Python integers, which can’t participate in reference cycles. On the other hand, it
may be convenient to clear all contained Python objects, and write the type’s t p_dea 1 1oc function to invoke
tp_clear.

More information about Python’s garbage collection scheme can be found in section 1 % % 2 % #1531
35 IR EDIL.

Inheritance:
Group: Py TPFLAGS_HAVE_ GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_t raverse and the Py_TPFLAGS_HAVE_GC flag bit:
the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the
subtype.
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richcmpfunc PyTypeObject . tp_richcompare
An optional pointer to the rich comparison function, whose signature is:

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

The first parameter is guaranteed to be an instance of the type that is defined by Py TypeObject.

The function should return the result of the comparison (usually Py_True or Py_False). If the comparison
is undefined, it must return Py_ Not Implemented, if another error occurred it must return NULL and set
an exception condition.

The following constants are defined to be used as the third argument for tp_richcompare and for
PyObject_RichCompare ():

BH | XER
Py_LT | <
Py_LE | <=
Py _EQ | ==
Py _NE | !=
Py_GT | >
Py_GE | >=

FE PN RN T it dn S 35 W LR R 4K
Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
Return Py_True or Py_False from the function, depending on the result of a comparison. VAL_A

and VAL_B must be orderable by C comparison operators (for example, they may be C ints or floats).
The third argument specifies the requested operation, as for PyObject_RichCompare ().

The return value’s reference count is properly incremented.
On error, sets an exception and returns NULL from the function.
3.7 B RE.

Inheritance:

Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with tp_hash: a subtype inherits tp_richcompare and
tp_hash when the subtype’s tp_richcompare and tp_hash are both NULL.

Default:

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. How-
ever, if only tp_hash is defined, not even the inherited function is used and instances of the type will not be
able to participate in any comparisons.

Py_ssize_t PyTypeObject.tp_weaklistoffset
If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used
by PyObject_ClearWeakRefs () and the PyWeakref_* () functions. The instance structure needs
to include a field of type PyObject * which is initialized to NULL.

Do not confuse this field with t p_ weak 1 i st; that is the list head for weak references to the type object itself.
Inheritance:

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype uses a different weak reference list head than the base type. Since the list head is always found
via tp_weaklistoffset, this should not be a problem.

When a type defined by a class statement has no __slots__ declaration, and none of its base types are
weakly referenceable, the type is made weakly referenceable by adding a weak reference list head slot to the
instance layout and setting the tp_weaklistoffset of that slot’s offset.
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When a type’s __slots__ declaration contains a slot named __weakref__, that slot becomes the weak
reference list head for instances of the type, and the slot’s offset is stored in the type’s tp_weaklistoffset.

When a type’s __slots__ declaration does not contain a slot named __weakref
tp_weaklistoffset from its base type.

, the type inherits its

getiterfunc PyTypeObject .tp_iter

An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

This function has the same signature as PyOb ject_GetIter ():

PyObject *tp_iter (PyObject *self);

Inheritance:

This field is inherited by subtypes.

iternextfunc PyTypeObject . tp_iternext

An optional pointer to a function that returns the next item in an iterator. The signature is:

PyObject *tp_iternext (PyObject *self);

When the iterator is exhausted, it must return NULL; a StopIteration exception may or may not be set.
When another error occurs, it must return NULL too. Its presence signals that the instances of this type are
iterators.

Iterator types should also define the tp_ it er function, and that function should return the iterator instance
itself (not a new iterator instance).

This function has the same signature as Py Iter Next ().
Inheritance:

This field is inherited by subtypes.

struct PyMethodDef* PyTypeObject . tp_methods

An optional pointer to a static NULL-terminated array of PyMethodDef structures, declaring regular meth-
ods of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a
method descriptor.

Inheritance:

This field is not inherited by subtypes (methods are inherited through a different mechanism).

struct PyMemberDef* PyTypeObject . tp_members

An optional pointer to a static NULL-terminated array of PyMemberDef structures, declaring regular data
members (fields or slots) of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a
member descriptor.

Inheritance:

This field is not inherited by subtypes (members are inherited through a different mechanism).

struct PyGetSetDef* PyTypeObject .tp_getset

An optional pointer to a static NULL-terminated array of PyGet SetDef structures, declaring computed
attributes of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a getset
descriptor.

Inheritance:

This field is not inherited by subtypes (computed attributes are inherited through a different mechanism).
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PyTypeObject* PyTypeObject .tp_base
An optional pointer to a base type from which type properties are inherited. At this level, only single inheritance
is supported; multiple inheritance require dynamically creating a type object by calling the metatype.

{#f#: Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to be “address
constants”. Function designators like Py Type GenericNew (), with implicit conversion to a pointer, are
valid C99 address constants.

However, the unary ’&’ operator applied to a non-static variable like PyBaseObject_Type () is not re-
quired to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers
are strictly standard conforming in this particular behavior.

Consequently, tp_base should be set in the extension module’s init function.

Inheritance:
This field is not inherited by subtypes (obviously).
Default:

This field defaults to &PyBaseObject_Type (which to Python programmers is known as the type
object).

PyObject* PyTypeObject .tp_dict
The type’s dictionary is stored here by Py Type_ Ready ().

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations
(like __add__()).

Inheritance:

This field is not inherited by subtypes (though the attributes defined in here are inherited through a different
mechanism).

Default:

If this field is NULL, Py Type_Ready () will assign a new dictionary to it.

M Ttis not safe to use PyDict_SetItem () on or otherwise modify t p_dict with the dictionary
C-APL

descrgetfunc PyTypeObject .tp_descr_get
An optional pointer to a descriptor get” function.

The function signature is:

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

Inheritance:
This field is inherited by subtypes.

descrsetfunc PyTypeObject . tp_descr_set
An optional pointer to a function for setting and deleting a descriptor’s value.

The function signature is:

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

The value argument is set to NULL to delete the value.

Inheritance:
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This field is inherited by subtypes.

Py_ssize_t PyTypeObject.tp_dictoffset

If the instances of this type have a dictionary containing instance variables, this field is non-zero and
contains the offset in the instances of the type of the instance variable dictionary; this offset is used by
PyObject_GenericGetAttr ().

Do not confuse this field with tp_di ct; that is the dictionary for attributes of the type object itself.

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If
the value is less than zero, it specifies the offset from the end of the instance structure. A negative offset is
more expensive to use, and should only be used when the instance structure contains a variable-length part.
This is used for example to add an instance variable dictionary to subtypes of str or tuple. Note that the
tp_basicsize field should account for the dictionary added to the end in that case, even though the dictio-
nary is not included in the basic object layout. On a system with a pointer size of 4 bytes, tp_dictoffset
should be set to —4 to indicate that the dictionary is at the very end of the structure.

The real dictionary offset in an instance can be computed from a negative tp_dictoffset as follows:

dictoffset = tp_basicsize + abs(ob_size)*tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

where tp_basicsize, tp_itemsize and tp_dictoffset are taken from the type object, and
ob_size is taken from the instance. The absolute value is taken because ints use the sign of ob_size
to store the sign of the number. (There’s never a need to do this calculation yourself; it is done for you by
_PyObject_GetDictPtr().)

Inheritance:

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is
always found via tp_ dictoffset, this should not be a problem.

When a type defined by a class statement has no ___slots___ declaration, and none of its base types has an
instance variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set
to that slot’s offset.

When a type defined by a class statement has a __slots__ declaration, the type inherits its
tp_dictoffset from its base type.

(Adding a slot named __dict__ tothe __slots___ declaration does not have the expected effect, it just
causes confusion. Maybe this should be added as a feature just like __weakref__ though.)

Default:

This slot has no default. For static types, if the field is NULL then no __dict___ gets created for instances.

initproc PyTypeObject .tp_init

An optional pointer to an instance initialization function.

This function corresponds to the __init__ () method of classes. Like __init__ (), it is possible to
create an instance without calling __init__ (), and it is possible to reinitialize an instance by calling its
__init__ () method again.

The function signature is:

int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of the callto __init__ ().

The tp_init function, if not NULL, is called when an instance is created normally by calling its type, after
the type’s tp_new function has returned an instance of the type. If the £ p_new function returns an instance
of some other type that is not a subtype of the original type, no tp_init function is called; if tp_new
returns an instance of a subtype of the original type, the subtype’s tp_init is called.
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Returns 0 on success, —1 and sets an exception on error.
Inheritance:

This field is inherited by subtypes.

Default:

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc
An optional pointer to an instance allocation function.

The function signature is:

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

Inheritance:
This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement).
Default:

For dynamic subtypes, this field is always set to PyType_GenericAlloc (), to force a standard heap
allocation strategy.

For static subtypes, PyBaseObject_Typeuses PyType_GenericAlloc (). Thatisthe recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new
An optional pointer to an instance creation function.

The function signature is:

PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

The subtype argument is the type of the object being created; the args and kwds arguments represent positional
and keyword arguments of the call to the type. Note that subtype doesn’t have to equal the type whose tp_new
function is called; it may be a subtype of that type (but not an unrelated type).

The tp_new function should call subtype->tp_alloc (subtype, nitems) to allocate space for
the object, and then do only as much further initialization as is absolutely necessary. Initialization that can
safely be ignored or repeated should be placed in the tp_init handler. A good rule of thumb is that for
immutable types, all initialization should take place in tp_new, while for mutable types, most initialization
should be deferred to tp_init.

Inheritance:

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

Default:

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called
to create new instances; presumably there is some other way to create instances, like a factory function.

Jreefunc PyTypeObject .tp_free
An optional pointer to an instance deallocation function. Its signature is:

void tp_free(void *self);

An initializer that is compatible with this signature is PyObject_Free ().

Inheritance:

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement)
Default:

12.3. Type & 205



The Python/C API, %% 3.9.1

In dynamic subtypes, this field is set to a deallocator suitable to match Py Type_ GenericAlloc () and the
value of the Py TPFLAGS_HAVE_ GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del.

inquiry PyTypeObject .tp_is_gc
An optional pointer to a function called by the garbage collector.

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient
to look at the object’s type’s t p_flags field, and check the Py TPFLAGS HAVE_GC flag bit. But some
types have a mixture of statically and dynamically allocated instances, and the statically allocated instances are
not collectible. Such types should define this function; it should return 1 for a collectible instance, and O for a
non-collectible instance. The signature is:

int tp_is_gc(PyObject *self);

(The only example of this are types themselves. The metatype, Py Type_Type, defines this function to
distinguish between statically and dynamically allocated types.)

Inheritance:

This field is inherited by subtypes.

Default:

This slot has no default. If this field is NULL, Py TPFLAGS_HAVE_GC is used as the functional equivalent.

PyObject* PyTypeObject . tp_bases
Tuple of base types.

This is set for types created by a class statement. It should be NULL for statically defined types.
Inheritance:
This field is not inherited.

PyObject* PyTypeObject .tp_mro
Tuple containing the expanded set of base types, starting with the type itself and ending with object, in
Method Resolution Order.

Inheritance:
This field is not inherited; it is calculated fresh by Py Type_Ready ().

PyObject* PyTypeObject .tp_cache
Unused. Internal use only.

Inheritance:
This field is not inherited.

PyObject* PyTypeObject .tp_subclasses
List of weak references to subclasses. Internal use only.

Inheritance:
This field is not inherited.

PyObject* PyTypeObject .tp_weaklist
Weak reference list head, for weak references to this type object. Not inherited. Internal use only.

Inheritance:
This field is not inherited.

destructor PyTypeObiject .tp_del
This field is deprecated. Use tp_finalize instead.

unsigned int PyTypeObject .tp_version_tag
Used to index into the method cache. Internal use only.
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Inheritance:

This field is not inherited.

destructor PyTypeObject .tp_finalize

An optional pointer to an instance finalization function. Its signature is:

void tp_finalize (PyObject *self);

If tp_finalizeis set, the interpreter calls it once when finalizing an instance. It is called either from the
garbage collector (if the instance is part of an isolated reference cycle) or just before the object is deallocated.
Either way, it is guaranteed to be called before attempting to break reference cycles, ensuring that it finds the
object in a sane state.

tp_finalize should not mutate the current exception status; therefore, a recommended way to write a

non-trivial finalizer is:

static void
local_finalize (PyObject *self)
{

/* Save the current exception, if any. */

VA4

/* Restore the saved exception. */

PyObject *error_type, *error_value, *error_traceback;

PyErr_Fetch (&error_type, &error_value, &error_traceback);

PyErr_Restore(error_type, error_value, error_traceback);

For this field to be taken into account (even through inheritance), you must also set the

Py _TPFLAGS_HAVE_ FINALIZE ﬂags bit.
Inheritance:

This field is inherited by subtypes.

3.4 B RE.

S

”Safe object finalization” (PEP 442)

vectorcallfunc PyTypeObject .tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for
type.__call__. If tp_vectorcall is NULL, the default call implementation using __new___ and

__init__ isused.
Inheritance:
This field is never inherited.

3.9 HR I HE: (the field exists since 3.8 but it’s only used since 3.9)

Also, note that, in a garbage collected Python, tp_dealloc may be called from any Python thread, not just the
thread which created the object (if the object becomes part of a refcount cycle, that cycle might be collected by a
garbage collection on any thread). This is not a problem for Python API calls, since the thread on which tp_dealloc
is called will own the Global Interpreter Lock (GIL). However, if the object being destroyed in turn destroys objects
from some other C or C++ library, care should be taken to ensure that destroying those objects on the thread which

called tp_dealloc will not violate any assumptions of the library.
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12.3.6 Heap Types
Traditionally, types defined in C code are static, that is, a static Py TypeOb ject structure is defined directly in code
and initialized using Py Type_Ready ().
This results in types that are limited relative to types defined in Python:
« Static types are limited to one base, i.e. they cannot use multiple inheritance.

* Static type objects (but not necessarily their instances) are immutable. It is not possible to add or modify the
type object’s attributes from Python.

« Static type objects are shared across sub-interpreters, so they should not include any subinterpreter-specific
state.

Also, since Py TypeOb ject is not part of the stable ABI, any extension modules using static types must be compiled
for a specific Python minor version.

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes
created by Python’s class statement.

This is done by filling a Py Type_ Spec structure and calling Py Type_FromSpecWithBases ().

12.4 Number Object Structures

PyNumberMethods
This structure holds pointers to the functions which an object uses to implement the number protocol. Each
function is used by the function of similar name documented in the 4 5 ¥+ section.

Here is the structure definition:

typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc nb_inplace_add;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_1lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;
binaryfunc nb_inplace_or;
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(£ L£50)

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;
binaryfunc nb_matrix_multiply;

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

{i:f#: Binary and ternary functions must check the type of all their operands, and implement the necessary
conversions (at least one of the operands is an instance of the defined type). If the operation is not defined
for the given operands, binary and ternary functions must return Py_Not Implemented, if another error
occurred they must return NULL and set an exception.

W f#: The nb_reserved field should always be NULL. It was previously called nb_1ong, and was re-
named in Python 3.0.1.

binaryfunc PyNumberMethods .nb_add

binaryfunc PyNumberMethods .nb_subtract
binaryfunc PyNumberMethods .nb_multiply
binaryfunc PyNumberMethods .nb_remainder
binaryfunc PyNumberMethods . nb_divmod
ternaryfunc PyNumberMethods . nb_power
unaryfunc PyNumberMethods .nb_negative
unaryfunc PyNumberMethods .nb_positive
unaryfunc PyNumberMethods . nb_absolute
inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods .nb_invert
binaryfunc PyNumberMethods .nb_1lshift
binaryfunc PyNumberMethods .nb_rshift
binaryfunc PyNumberMethods .nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods .nb_or

unaryfunc PyNumberMethods .nb_int

void *PyNumberMethods .nb_reserved
unaryfunc PyNumberMethods .nb_float
binaryfunc PyNumberMethods .nb_inplace_add
binaryfunc PyNumberMethods .nb_inplace_subtract
binaryfunc PyNumberMethods .nb_inplace_multiply

binaryfunc PyNumberMethods .nb_inplace_remainder
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ternaryfunc PyNumberMethods .nb_inplace_power
binaryfunc PyNumberMethods .nb_inplace_1lshift
binaryfunc PyNumberMethods .nb_inplace_rshift
binaryfunc PyNumberMethods .nb_inplace_and

binaryfunc PyNumberMethods .nb_inplace_xor

binaryfunc PyNumberMethods .nb_inplace_or

binaryfunc PyNumberMethods .nb_floor_divide
binaryfunc PyNumberMethods .nb_true_divide

binaryfunc PyNumberMethods .nb_inplace_floor_divide
binaryfunc PyNumberMethods .nb_inplace_true_divide
unaryfunc PyNumberMethods .nb_index

binaryfunc PyNumberMethods .nb_matrix_multiply

binaryfunc PyNumberMethods .nb_inplace_matrix_multiply

12.5 Mapping Object Structures

PyMappingMethods
This structure holds pointers to the functions which an object uses to implement the mapping protocol. It has
three members:

lenfunc PyMappingMethods .mp_length
This function is used by PyMapping Size () and PyObject_Size (), and has the same signature. This
slot may be set to NULL if the object has no defined length.

binaryfunc PyMappingMethods .mp_subscript
This function is used by PyObject_GetItem() and PySequence_GetSlice (), and has the same
signature as PyObject_GetItem (). This slot must be filled for the PyMapping Check () function to
return 1, it can be NULL otherwise.

objobjargproc PyMappingMethods .mp_ass_subscript
This function is used by PyObject_SetItem(), PyObject_DelItem(),
PyObject_SetSlice() and PyObject_DelSlice(). It has the same signature as
PyObject_SetItem(), but v can also be set to NULL to delete an item. If this slot is NULL, the
object does not support item assignment and deletion.

12.6 Sequence Object Structures

PySequenceMethods
This structure holds pointers to the functions which an object uses to implement the sequence protocol.

lenfunc PySequenceMethods.sq_length
This function is used by PySequence_Size () and PyObject_Size (), and has the same signature. It
is also used for handling negative indices via the sg_itemand the sqg_ass_ itemslots.

binaryfunc PySequenceMethods.sq_concat
This function is used by PySequence_Concat () and has the same signature. It is also used by the +
operator, after trying the numeric addition via the nb_add slot.

ssizeargfunc PySequenceMethods . sq_repeat
This function is used by PySequence_Repeat () and has the same signature. It is also used by the *
operator, after trying numeric multiplication via the nb_multiply slot.
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ssizeargfunc PySequenceMethods.sq_item
This function is used by PySequence_GetItem() and has the same signature. It is also used by
PyObject_GetItem (), after trying the subscription via the mp_subscript slot. This slot must be
filled for the PySequence_Check () function to return 1, it can be NULL otherwise.

Negative indexes are handled as follows: if the sq_length slotis filled, it is called and the sequence length is
used to compute a positive index which is passed to sgq_item. If sg_length is NULL, the index is passed
as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_DelItem (), after trying the item assignment and deletion via
the mp_ass_subscript slot. This slot may be left to NULL if the object does not support item assignment
and deletion.

objobjproc PySequenceMethods .sq_contains
This function may be used by PySequence_Contains () and has the same signature. This slot may be
left to NULL, in this case PySequence_Contains () simply traverses the sequence until it finds a match.

binaryfunc PySequenceMethods.sq_inplace_concat
This function is used by PySequence_InPlaceConcat () and has the same signature. It
should modify its first operand, and return it. = This slot may be left to NULL, in this case
PySequence_InPlaceConcat () will fall back to PySequence_Concat (). Itis also used by the
augmented assignment +=, after trying numeric in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat
This function is used by PySequence_ InPlaceRepeat () and has the same signature. It
should modify its first operand, and return it. = This slot may be left to NULL, in this case
PySequence_InPlaceRepeat () will fall back to PySequence_Repeat (). Itis also used by the
augmented assignment *=, after trying numeric in-place multiplication via the nb_inplace_multiply
slot.

12.7 Buffer Object Structures

PyBufferProcs
This structure holds pointers to the functions required by the Buffer protocol. The protocol defines how an
exporter object can expose its internal data to consumer objects.

getbufferproc PyBufferProcs .bf_getbuffer
The signature of this function is:

int (PyObject *exporter, Py_buffer *view, int flags);

Handle a request to exporter to fill in view as specified by flags. Except for point (3), an implementation of this
function MUST take these steps:

(1) Check if the request can be met. If not, raise PyExc_BufferError, set view—>0bj to NULL and
return —1.

(2) Fill in the requested fields.
(3) Increment an internal counter for the number of exports.
(4) Set view->o0b7j to exporter and increment view—>obJ.
(5) Return 0.
If exporter is part of a chain or tree of buffer providers, two main schemes can be used:

* Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference
to itself.

e Redirect: The buffer request is redirected to the root object of the tree. Here, view—>ob7j will be a
new reference to the root object.
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The individual fields of view are described in section Buffer structure, the rules how an exporter must react to
specific requests are in section Buffer request types.

All memory pointed to in the Py__buf fer structure belongs to the exporter and must remain valid until there

are no consumers left. format, shape, strides, suboffsets and internal are read-only for the
consumer.

PyBuffer_ FillInfo () provides an easy way of exposing a simple bytes buffer while dealing correctly
with all request types.

PyObject_GetBuffer () is the interface for the consumer that wraps this function.

releasebufferproc PyBuf ferProcs .bf_releasebuffer
The signature of this function is:

void (PyObject *exporter, Py_buffer *view);

Handle a request to release the resources of the buffer. If no resources need to be released,

PyBufferProcs.bf_releasebuffer may be NULL. Otherwise, a standard implementation of this
function will take these optional steps:

(1) Decrement an internal counter for the number of exports.
(2) If the counter is 0, free all memory associated with view.

The exporter MUST use the i nt ernal field to keep track of buffer-specific resources. This field is guaranteed
to remain constant, while a consumer MAY pass a copy of the original buffer as the view argument.

This function MUST NOT decrement view->obj, since that is done automatically in
PyBuffer Release () (this scheme is useful for breaking reference cycles).
PyBuffer_ Release () is the interface for the consumer that wraps this function.

12.8 Async Object Structures

3.5 F e

PyAsyncMethods
This structure holds pointers to the functions required to implement awaitable and asynchronous iterator ob-
jects.

Here is the structure definition:

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await
The signature of this function is:

PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_ Check () mustreturn 1 for it.
This slot may be set to NULL if an object is not an awaitable.

unaryfunc PyAsyncMethods .am_aiter
The signature of this function is:

PyObject *am_aiter (PyObject *self);
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Must return an awaitable object. See __anext__ () for details.
This slot may be set to NULL if an object does not implement asynchronous iteration protocol.

unaryfunc PyAsyncMethods . am_anext
The signature of this function is:

’PyObject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.

12.9 Slot Type typedefs

PyObject * (*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)
The purpose of this function is to separate memory allocation from memory initialization. It should return a
pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized to zeros, but
with ob_refcnt set to 1 and ob_type set to the type argument. If the type’s tp itemsize is non-
zero, the object’s ob_size field should be initialized to nifems and the length of the allocated memory block
shouldbe tp_basicsize + nitems*tp_itemsize,rounded uptoamultiple of sizeof (void*);
otherwise, nitems is not used and the length of the block should be tp_basicsize.

This function should not do any other instance initialization, not even to allocate additional memory; that should
be done by tp_new.

void (*destructor) (PyObject *)

void (*£reefunc) (void *)
See tp_free.

PyObject * (*newfunc) (PyObject *, PyObject *, PyObject *)
See tp_new.

int (*initproc) (PyObject *, PyObject *, PyObject *)
See tp_init.

PyObject * (*reprfunc) (PyObject *)
See tp_repr.

PyObject * (*getattrfunc) (PyObject *self, char *attr)
Return the value of the named attribute for the object.

int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
Set the value of the named attribute for the object. The value argument is set to NULL to delete the attribute.

PyObject * (*getattrofunc) (PyObject *self, PyObject *attr)
Return the value of the named attribute for the object.

See tp_getattro.

int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
Set the value of the named attribute for the object. The value argument is set to NULL to delete the attribute.

See tp_setattro.
PyObject * (*descrget func) (PyObject *, PyObject *, PyObject *)
See tp_descrget.
int (*descrsetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrset.
Py_hash_t (*hashfunc) (PyObject *)
See tp_hash.
PyObject * (*richempfunc) (PyObject *, PyObject *, int)
See tp_richcompare.
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PyObject * (*getiterfunc) (PyObject *)
See tp_iter.

PyObject * (*iternext func) (PyObject *)
See tp_iternext.

Py_ssize_t (*1lenfunc) (PyObject *)

int (*getbufferproc) (PyObject *, Py_buffer *, int)

void (*releasebufferproc) (PyObject *, Py_buffer *)
PyObject * (*unaryfunc) (PyObject *)

PyObject * (*binaryfunc) (PyObject *, PyObject *)

PyObject * (*ternaryfunc) (PyObject *, PyObject *, PyObject *)
PyObject * (*ssizeargfunc) (PyObject *, Py_ssize_t)

int (*ssizeobjargproc) (PyObject *, Py_ssize_t)

int (*objobjproc) (PyObject *, PyObject *)

int (*objobjargproc) (PyObject *, PyObject *, PyObject *)

12.10 $¥

The following are simple examples of Python type definitions. They include common usage you may encounter.
Some demonstrate tricky corner cases. For more examples, practical info, and a tutorial, see defining-new-types and
new-types-topics.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = "My objects",

.tp_new = myob]j_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

You may also find older code (especially in the CPython code base) with a more verbose initializer:

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)

"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */
0, /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */

0, /* tp_vectorcall_offset */
0, /* tp_getattr */

0, /* tp_setattr */

0, /* tp_as_async */
(reprfunc)myobij_repr, /* tp_repr */

0, /* tp_as_number */
0, /* tp_as_sequence */

Q)
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~

/* tp_as_mapping */
/* tp_hash */

/* tp_call */

/* tp_str */

/* tp_getattro */
/* tp_setattro */
/* tp_as_buffer */
, /* tp_flags */

"My objects", /* tp_doc */

/* tp_traverse */
/* tp_clear */

/* tp_richcompare */
/* tp_weaklistoffset */
/* tp_iter */

/* tp_iternext */
/* tp_methods */

/* tp_members */

/* tp_getset */

/* tp_base */

/* tp_dict */

/* tp_descr_get */
/* tp_descr_set */
/* tp_dictoffset */
/* tp_init */

/* tp_alloc */
myobj_new, /* tp_new */

~ 0~

~

O O O O O o o o
~ N SN S~ O~ ~ S~ 0~

~

~

P T

O O O O O OO OO 0O oo oo oo
~

~

bi

A type that supports weakrefs, instance dicts, and hashing:

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = "My objects",

.tp_weaklistoffset = offsetof (MyObject, weakreflist),

.tp_dictoffset = offsetof (MyObject, inst_dict),

.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func):

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

(T oUgkEE)
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static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = "my custom str",
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = NULL,
.tp_repr = (reprfunc)myobj_repr,

bi

The simplest static type (with fixed-length instances):

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",

bi

The simplest static type (with variable-length instances):

typedef struct {
PyObject_VAR_HEAD
const char *datalll];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

1211 EXMREBZFRHEIANIR B

Python B HRE | FH BRI 5 IR S <7008 STy ks, T st g b i et
AN S . A ERRT] I, s AR TR (ISeF e iieh) 131 K, R
T R B i S

wEAE -NESE, KB R Wip_flags FER WU Py TPFLAGS_HAVE_GC I $E it —
Atp_traverse ACFRISEIL . WIRZEB BRI AR, BFELMtp _clear .

Py TPFLAGS_HAVE_GC
BEE T ARG 2B BT G AT A AL SRR o SR (R AL, TR SCHE I SR R AR N 2 et
%

AR IBPIAE 38 R FR AT A A -
1. WiffiflPyObject_GC_New () B{PyObject_GC_NewVar () “NiXBE%F 24l NAE .
2. YA T Ir A TR S AR B | P B S, EUAIHPyObject _GC_Track() .
TYPE* PyObject_GC_New (TYPE, PyTypeObject *type)
FTryobject_New() , @M TE T Py_TPFLAGS HAVE_GC FRZHIZA AR .
TYPE* PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
KT Pyobject_NewVar () , i TIKE T Py_TPFLAGS_HAVE_GC WM IRITE

216 Chapter 12. &t




The Python/C API, %% 3.9.1

TYPE* PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
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void PyObject_GC_Track (PyObject *op)
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int PyObject_IS_GC (PyObject *obj)
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int PyObject_GC_IsTracked (PyObject *op)
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static int
my_traverse (Noddy *self, visitproc visit, woid *arqg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return 0;

}

tp_clear AAMRRFF N inquiry 288, QIARXT AT 2N NULL.

int (*inquiry) (PyObject *self)
EF ARG RIS« AR RORNTR LA, PO A W RE B ARG . &
BEERNAE, XRAEVH R WG AU & A3 CREex 5| R Py _DECREF () J5¥k) . 4
B ARSI B A SAETEIRG AT Py, vk i -
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asynchronous iterator -- 5330S LI T _ aiter () Ml__anext_ () HIEMIXIER. _ anext_
WLAR Bl —A~awaitable 34¢ . async for LAFLR LR __anext__ () FiAFrR I A5
fixts, HFHD| % —1 StopAsyncIteration B . H PEP 492 5] A,

attribute -- JEPE HKE]— W RAVE, LA RS2kl KA FoRG . B, aR— R o
HA @M a, BT A o.a REIHE.

awaitable -- A 25 R0 R GETE await FRPHEHXTER . WA coroutine B2 HA __await__ ()
IR . S0, PEP 492,

BDFL “&5{-ZZM#E" W45, HI Guido van Rossum, Python A1) .

binary file -- —3FHISCIE file object REMG RS F 7 Kb o R SCHR B R A BRI (Teb,
"wb' or "rb+") FTHE M. sys.stdin.buffer, sys.stdout.buffer DA io.BytesIO
M gzip.GzipFile HYSEHI.,
TS Wiext file T REEMSIES st MR SRS,

bytes-like object -- ‘P ViR R L Hp2E o v I HAES ) C-contiguous A4, X AFEHTA bytes.
bytearray fll array.array X%, PARFZEHE nemoryview X[ 4. FARNRAELF
PERIEAREAE PR XA E R RS . PRAF A B SO ARGl S B e R iR S
LA TR BT AR ) R . XX R AE SR PR MBS . W ARG
SBIFAU4E bytearray A} bytearray i memoryview, HAWHEAEZR i HIEHR AT A
AIARRT G R RRTE)s XS A6 736 bytes PAN bytes X4 ¥ memoryview,

bytecode -- ‘= {ifity Python JFAUIS 29 4mit 470, R CPython fifkiss /R Python 271 RS .
FATIA S GATAE - pyc S, XFESS IR PAT R SCFIE BE R (] DAGR 25K 5RS 28 4 13
HEARY) o XA FRNE S B TR R AT S A T WL AS i virtual machine 2. 1o RN [H
Python AL LA FIEA—El A, HA—EREFEAI Python iliA 345 .
FATRGFE A HFE 0] DAFE dis B SO A R

callback -- [ —ERSEWEAL AU DATE AR R 0 5N Z0 9508 F 1) 1B RE R 4

dass -- & FRAIE P OGS BN . 25 S RS AR A SE B A T ERAE I i o

class variable -- Y8 & 7R rE WA &, I HAUBRAEZRZ S BB e (MR @ AE S SL B R & el

9
9

SR E. WPRFEIERE

9
!
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coercion -- JFISRIEEHE 60 S AR R 2R B S B RAE T, —FhR AU SE 0 R U 40k o —Fh 2R
B, BN, int (3.15) @XFIETF SR REAEL 3, BAE 3+4.5 1, SRR IR—3 (—4>
J2 int, —A>g float) , PHEWAEARAH R B GEAHM, A IAF5 % TypeError. WEREA
%%%Tﬁﬂ%ﬂ, TP BRI W AR S B — M A R 2R AL, BN S Y float (3) +4.5 1
AN 3+4.5,

complex number -- 525 XL RGP R, Hd g BUEEEER R A SRR A R AL
EECEERCANL (-1 FPPIR) MSEREE, EEAERARE N 1, TR EN 5. Python P&
TXER SR, R TREZEC TG BEEE— 3 B2, Fl 3+15. WARFEZ math Bk
DI GE%F B EZ BOR AR, M cmath, EAEIM & — R R BRI EAE . SRR 1%
HbsE, ZMEATHE IR S T

context manager -- |- FICHPIEY TE with i) P, EdE X __enter_ () fl _exit__ () F¥&
K= HIAFARSHIN G . S0, PEP 343,

context variable -- |- F 305 —FRIEH B LR SCAT ARA AFRIPER B . XRUTFAELR R
PR PATERE T AR A ANFEP AR A, W ETFCEERY, — M Tdfdngis
HZA TR, BT  RE ARSI KRS AR TiEE:. 20 contextvars.

contiguous -- ¥E8; — NEp IR R C #4218 Forran % 5t SW0A R HELEN . F4EZ /2 C Al Fortran
LN . FE—4EB T, Frf 2 B U AE AR TP I AE S HESY SRS LR s =5 0T
TEZ 4k C-IESEA Y, 244 AR HES I B — AR5 V5 A 4% B i fe i . {H2 7E Fortran
LR NE ARG etk

coroutine -- Pt T BIRERYE— BB . IR AT AER — Rt ATFAE S — GBI AT pA
TEVFZ AR EREA L BIAKSE . EATAEE asyne def AR, 2L PEP 492,

coroutine function -- PPpFRERREL 1R [B]—coroutine ST HIREL. IMERERTET asyne def {BA]2RE X,
HA] el await. async for fl async with K@, XE4ERH PEP 492 5] A K.

CPython Python #ifiE = HHITESZI, #F python.org b % 7. "CPython” —ii] [ T b B4 I S B 5
S PLAG14n Jython B IronPython AH X jjl .

decorator -- 2E4MH%Y IR [ R — N EREUI R AL, EEMH ewrapper EVATE AR TREUS e . 20
#RE ILA F4JFE classmethod () fll staticmethod ().

AR U —FEIRNE, DA AR SR S Ese %

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

@staticmethod
def f(...):

FUFEBLE WA T, R IFHGER . A7 XGRS T T 5L S S 000
.

descriptor -- ik 3y (FTEXT __get_ (),__set_ () B __delete_ () FERNL. B—1HKE
PRSI, EMEIRE E T S R A R il . EEIE T, B a.b SRR, BE
SMER— AN BT SHE a 2RI AR FRN b XS, (BUR b 22— R, WS TE XY
HTRR R T . BRI A o8 O &2 B IR 2 YR FRAR Python i 5658, [RUORIX B4 2 SRR A BL AT
GIERE. . @M. . ESEASOT IS | &S

B XA L T ERE 25 E, 15257 descriptors BY ffiiA #5708 H 57

dictionary -- ‘y 8t — N SEPELAL, HAP T B BEA ST B A Y A . BT DLRATATHA __hash__ () A0l
__eq__ () HYERXTSR. 7E Perl 155 H#1H hash.

dictionary comprehension -- “y2lLifi: 35X Ab A>T RGBT A B0 43 JT R I R B 45 R L —
MEESY, results = {n: n ** 2 for n in range (10) } HHH—1HEn F{E n **
2 BRSSP FL . Z: I, comprehensions
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dictionary view -- ‘FHLHLE M dict.keys (), dict.values () fl dict.items () 1R EIRIXTEYEFR A
FHAE . BN TFIZE DN EISHE, XERE L FHRSER, WEESHHN A, 2
R R s L Ao BOE RS 2%, WA 1ist (dictview) . 2/ dict-views.,

docstring -- SR AR (098, BB 2 ISR — D Rb U R A7 B P . EAE RS IAT
I 2m, (HoPRERT R BIF A FIESR . sREEREE) __doc__ @tk . T En TN
B PNAE PR R G SR PR LT (o

duck-typing -- 181289 J5—FPgafE KAS , BIFAMKEERE SR SR B0k e K2R/ A I\ D, m
T EEFA SR (CRERGN T, WEREGN T, IRaEERENT.”) BT
SRR O AR E 2R, B R RS AT A R 2 SRR T R G M. Y12 AR g0 (il )
type () B isinstance () ¥ill. ((HEEH NSRRI 0] DUEE A 46 508 % fERAb S, ) SR
Hl hasattr () KSZEAFP %ift.

EAFP KGR ICRIFRTER D) TESCHES . X Fh Python # F AU 2 B RS 2 M5 E T 75 1 Bt sl S A7
T, e E A RIS . DXFR S P KUAS 1 st @ Kz try Al except iB4]. T
AT 2 BT LBYL WA, 35 0T C FiF 2 HAhig & .

expression -- A A A PUK HEFAMERIBE I, Ha)igul, — PN ERBRERTTENFEEE. 4
R BT EEASEREOR LR, EARAH SR ME. S HMES AR, IFE
A G S AR R RR . EA R HER B statement , BN while, WREWEJE TiE4]
[IE|= 525

extension module -- JJEE DA C 5 C++ i S AUFE, f ] Python ) C API K 51E 540 DA AR
AT A2 H

f-string -- f-F4Fp VA £ B0 F BIR I EAT R I EE R e B AR S AR R T
RS, =0 PEP 498,

file object -- SCPEXF S X} AR LT 7] S APT DAMHF T2 HEIXN S (A read () 3 write () iXAE
) o ARIEHATE T XEAFE, SCERTG ] DAL B BLSE G #50F, X HA 2R AU 6, a2 Xt
@iﬂ?‘%é’ai)‘ﬂ"ﬂ (BlanbriEs A/t . WA IX . BT, SE%%). SUENSRMpRRh
;ECXT}— E‘ ‘/‘Iﬁo
SEPR AU Z R BRSO RS TR A = ) S, G =t SO AR R . AR E
SOAE o B, B SO SR HITE 5 U2 open () BRER

file-like object -- SLPEIRRXR file object [F)IF] LiF],

finder -- Ry —Fh 22l AR T AL loader IXTS

M Python 3.3 2 fFAE PP ALAY A R 8% T3k 12 & 4% il A sys.meta_path fififfl, PAKpath eniry
finders Bl & sys .path_hooks ffiff].

LT 5 0 PEP 302, PEP 420 1 PEP 451,

floor division -- [ FICIEBRIL [N 8 A BB BB BA BRI . ) N HCRBRARIZFAT2 // o B
an, k1L /7 A WTHESERE 2, TS 2@ S A EIERRTAR ] 2. 75 o HER (-11)
// 4 2R -3 FIRkGE -2.75 @ TR ARGBIEER . L PEP 238 .

function -- FREL T DAV I35 3R ]SS AMEL — 25 4] o i8] DA AL ABASE 2> 240 HFAE R BUA I T
i . 59 Wparameter, method 1 function 277,

function annotation -- FEchr: B EX B EE 280K [l {E i annotation .
PREFRYE I T £ 2042 7« FInpA T B Z A int SEOFHIER A4 int {H:

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

BRI E B I AR L function —77
5% variable annotation 1 PEP 484 %} W I GEHEIA .
__future__ —Fp i, FIRART DR R B S M AR AN AR B S R

WL FA __future  BEIBIFRFHARASERAE, VAT CAZR BRI UOIMAGE 5 LA S AT i
ILVSENN
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>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- L3[Rl FEHOR TR AT A A5 RIS #E . Python &340 5 | AR —A R ke
WANFTREAEER | B PR ER 3 RS R A TR I g o WTRAET T oo Aok fs il 3% [ i 8%
generator -- ZERREY R[] Ngenerator iterator AL, BB RARARGEE R, AHESHET HAHE yield
FERAPAE = E — R VAL for-TEFRAE H B2l next () BRELZE—IRHL.
W R TE A AR, EAEREEE S T T RE 248 AR B E R E . WERFEF LSS L, iF
it FH AR ARE G
generator iterator -- 2l K ESERES generator BB A EIINT A .
BAS yield SIGHFEHSFAEIE, CELHIA BRI TRS (BFE R B AR ry 1547]) . M4i% £
A 2SR BT, B NETFA B RS AT (X5 R IR T e 3 8 eR 4 22 5RO ) -
generator expression -- /B RIE R IR B —MERINFRIEX . EHEREMBGE IR EHHH E X
T— AR W for £A], PAS—DWHEN 1 F4). PURE RIS HINEREAE L
—ZRS{H:

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

generic function -- {Z RIpREL N a4 2 8L SR [R) B AR 19 22 41 eR BB 4 BUEY) R B . 6 T P s 2 pla 9 B2
SRR R A RS S
YWiE 2 Wsingle dispatch RiEFESH . functools.singledispatch () #EMigsA K& PEP 443,

generic type -- {Z IR W DAIE S npe; EENAARBGI 1ist. AJHT R EIZT FlizE.
2 PEP 483 ¢ TN, DL typing St A4 SR T I

GIL #: Wglobal interpreter lock

global interpreter lock - 4 RFEAB CPyihon JRFERITR I FIHLE, TR -hE% U2
FEAE YT Python bytccode, SEAUIILT R FATRBIR (45 dice STapyisn) (b4
(OB 1 T CPython SCAL. 45 LR RE BT LRRE 26 2 Bz 7 8, LR M2
e THEZ AL PEER ER AT
ik, HESCARUE PR B EE =y PR BT AR 5 T N AE AT T B AR BUAT 55 0 4 B A R R
GIL. It4h, 7E4UT VO #1ERHb S 2 2Rk GIL.
B (PARSAIR BB e e 2 Bdi ) “ B A" fRRE S IR AT, X 4
TG A A A PR A PR DL IR BE o R IR Fh P BB R R AR B AR R AR, AT
XEPALED

hash-based pyc -- A& TS A1 pye. (AT 66 7 0T RS 2 R AT R4
. 2 pyc-invalidation.

hashable -- WA — X G2 W A (L Q0 A AR R B N B AN O0AS , SiFR -l TToa A (EREHEE
__hash__ () F¥), HATPAREABS LA (ERERA _eq () H¥E). AIWEARXTSY0
WA ARG A E LR S5 R A AR A
AT A AR AT S RS S B B AR A R T PR A X S 5 A A E N e (L
KA Python Fity R A B R AR AN TRAH (NSIRRTI) AR R
AR (IUTEAA froenset) (AT TTIIE RSN IR R A AT 17 X956
M RBRINR T . BAITERERR—EANHE (BRIERSHCWER), BT AERNE K25
TEMH id ().

IDLE Python f IDE. “SSIF 4% 5% S FR5E" MISE5CHS. 12 Python bRl ST BUFHFH SR 0B 7
R 2.
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immutable -- AR[AE B FEERIR G . AR RO . FARHFDCH . XFERIXTRARERIAL -
R ALITAFAH — DA FRE, WL BTHT X 5. BN TR 2w B A E R 7 B H AR,
BUANAE A~ i i

import path -- S A HZAME (B 2458 ) AMNPNE, SPRIMIpath based finder i A $,
SAHW. TESAR, WAESFEEEKRE sys.path, HXFREARBELATHEREH EHEH
__path__ J@.

importing -- F A 4—MEH ) Python AU AE 73— MEEH ) Python AUAS T 6 A 72 .
importer -- A} AR MBRIEIR G WX RIEET finder g T loader

interactive -- 28 . Python 747 — B AMRREAR , RIR AT ATEARREAR S /75 e i AT Rk, S Rp
PATHERHLGIR . AFAWSEMIEE) python fiyd (R ATEARIY TS HLIT IR B v e A0
ISR EAT) o RN OB AR B SR DR G B IR X Ay SN AR (A help () ).

interpreted -- fiFFE%! Python — @ MRREALET, SZMMARHIFALET, BRI DO d 1577
TS G i B AP AE T 2 A7 TSR] o 3K R WR A YR S ] DA L B A7 i A 4 2 s B 2 T A T SRz
Fro FPREIE T R B A AE S AR IT AR R Y, HR AR PR iEf e EE. &

Dinteractive.,

interpreter shutdown -- fRFEZT CPH PRI, Python MR &e-RE A —MEFIRIZTT B BOT 2 2R
BUTTH E M BEGTIR, B AR P NS 45 . EIR S BRI A DI 35 . XSl
S ATH AR B 5 | I P A AT o T8 R PP Be AT AR T RE B 2 A A5, RO TR
B BHRCATA R (F RGBT AR s LS5 ) -

FEREAS 5 2R P R A __main_ AEBREETIETT I AR B 58 kAT -

iterable -- nEAUR R AEAS 1B —IR M H AL A TR G2 . WTIAAR R B BT A8 B A e 102628 (Bilan 1ist,
str fil tuple) DAL EEARFHZRAIBIAN dict, ST & PAKE X T __iter_ () H¥EoEsesl
T2 X __getitem () IARIER HE LRMR.

AR T for JEFRLA K2 AT E—DFIIRMTT (2ip O L map () ..)o H{—AH]
BRGNS EALLNERE iter O B, BRREZMGAIENAL . X AEE T E
EAR AR A ARG, REEAF R iter () 80 3 CAHEARXTS
for iR MR A S AL BRAR LA, BIEE— NG H R iy 44 248 5 DORTETR S R R AF ik g . 2

Diterator sequence [)j\ &genemmro

iterator -- R3S FRF R —IEREIRRAATS . ERRAERIIN _next_ () FE (BFHAELN
HEMRE next () ) RREARERH A 2484 5 T 5] & StopIteration J# . FiX
BB R P BIETE AR, SERMH _ next_ () H¥EHRSAHIKE| X StopIteration
S BEREMAEA __iter_ () FEHRBRENZERZINS A S, HILEAR L E B2 E
RXFG, g T HAL B S 3E R 6. — A E BN & 2 R EE 5 IR AL
TS . a5 (B0 1ist) FEMRERRMHEAZ A iter () REECETE for MEERH (& IR
SRR AR IE AR . ANARAE R O AR 1 2% A I 2 1R R AE 2 Fi kAt A e gl A R (]
—EREN S, ARG S DR
25 B EF typeiter.

key function -- B pR%L R B FREE PR R 2L, = REWS IR o] T HE R s HEN OB i v R R &, i,
locale.strxfrm() A T4 — P ke e KIHE R 202 i HE R &
Python W5 122 T. HEB o4 FH B sk Bk ¥ Hl e R HEM 84 4 50, P46 min (), max (),

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

AN NMEERECE Z R . BN, str.lower () HYETTAHVEZBS KNG HEF ISR S, 75
Ab, SERAB T E T lambda FAAEAIE, il lambda r: (r[0], r[2]). i H operator
PR AL T =AM R A& #8 © attrgetter (). itemgetter () Mlmethodcaller (). HEE
AT HE 7 PASRERB AN A5 8 o 50 7 9

keyword argument -- G355 2 Wargument,

lambda >t flexpression ¥ U4 NIRRT, FRX AR IS POR(E. 4 lambda pEUIN FITA

N lambda [parameters]: expression
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LBYL “JefrF JGBEER” Wi s . XA RS 0 S KRS S AESEA TR 1) B0 4% 2 i e s A i 4 4 8
PEXAE 5 EAFP J7 UG SO EE , R R R AT 1 £ 154
TEZ AR, LBYL XS FE “&F/” M BRI A ZMmS . flan, AR
if key in mapping: return mappinglkey] W REH TIE/EBAEZ )G HAMLFEM mapping
RS IR T key T A o X TR SE AL NS EAFP J7 ORI

list -- §1# Python & (1) —Ffsequence. HIRAAHNFR, (HHEEMITHME S P m s %,
MFF TR RIS I EE R O(1).

list comprehension -- FUFHE S AT 1 6 B A7 S840 TE 2 4 B G T B R
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] KK —
A~ 0 3 255 i NI S HEf R EON B AR E (0x.) 9813, Ho 16 A2 ATRRy, AISRAE g I
range (256) WA TCRA AL,

loader -- JIEZT 7153 MBS L. BELHE L4 K load_module () WYy ¥E. MR EH H —
A finder 128, IS PEP 302, XfT-abstract base class W] Z:Jl, importlib.abc.Loader,

magic method -- FEAR J51: special method f)AEIE =R XA .

mapping -- Wt —Fp SRR R A R OIF SE B T Mapping 3 MutableMapping 52 528 1 ir i E
FERERNS., RN RH T4% dict, collections.defaultdict, collections.
OrderedDict PAM collections.Counter,

meta path finder -- JCRRIERIRES sys.meta_path B R BT IR 8] W finder. TG AR 3 28 Spath entry
finders FFAE KIPAHH A .

5% importlib.abc.MetaPathFinder T fRICIRR Hoas T sSC B ik .

metaclass -- LR —F T AIERRIAE., FE LWERYL . RPMAMELRTN R, JoRATHRZ Bk =4
SHOFRIER NS . IER SN H AT R IS S ER AR BRIASE L. Python 4R3I 2 AATE T
A PABE B8 Lot KRR I FKIEARTREXA TR, HYFE LI, JeZErT e atam m i
RO % . ENCEMTICRBEHDI HE ., gt et mET g, SCsasl, Lk
HAbF2AE55 .
B2 112 I metaclasses.

method -« Jjik 16N HEE IDEAL, WRAER VIO AT, i 2RIt 4
VERHEE —A~argument GRH 440 self). &I function Flinested scope.

method resolution order -- Ji I fFHTIIF 7 VAT I 5 i 70 A 4 i 57 N 48 2R AL 28 B FH Y S8 5 T
WA F Python 2.3 J7 i iy 1 fEH 2.3 i Python f#EHT#R T FHAH & AR -

module - BStk {1 % /2 Python FURH)—FRALSURLT. 4 BH AT AL A0 G4 %5161, 6425 Python
X5 . BERATE i importing $RAFHENEF] Python H
55 Wpackage.

module spec -- BEYRUAE — a4 2], Hop a5 T I AR B A A X A B J& importlib.
machinery.ModuleSpec HJSEH.

MRO Z: iLmethod resolution order ,
mutable -- W[ AR AT ATEI 1d () PREFIEDE OO0 N S HIBUE . 7316 S Wimmutable .

named tuple -- B4 e8] ARif “HAool” ol fI LMo 5 oo, HHHEAH Rl RG]0k sl 4
PRIBHER T B AR S B m] eI A AR

AENERMETAAICH, 04 time. localtime () Mlos.stat () KEREI{E. H—B1T %

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
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HLEAZTCALR N EER (Bl B sl 1) o sk, RS JTdlR il MR E UM tuple 4k
RIS PR Bi O 2Ok ATE . XS AT T95, s [ T) K% collections.
namedtuple () Q. JF—MIrsGL LU IN— T TS SN B AL ST T EsN ik

namespace -- iy 443 ] 44 25 AR BRI P . i S A R £ RAMNER, 832 PmE
A (FEEZ ). s 25 A B 1k a4 0P 98 K SCRpSEqb . 4N, R builtins.open
5 os.open () Wil B R 2SR XA o 144 2 () o B A A S S BB pR A5O3 Bl
PR AT E A T e PE . B3, random.seed () B{ itertools.islice () XFEYEIH T X
R B random 5 itertools FEHL BISZIIRY .

namespace package -- iy 472 W4 PEP 420 fr5| A0 —M X VE M A A Hpackage, fin44 25 [0 A 0]
PAEA SR IR, HAiA T X Sregular package RIF), FREANTEA __init__.py X
B[ % Wmodule,

nested scope -- iR BRI 7E— A SGERING ARG T, Blan, 75 —RECZ g LIF R PA
51 RIE AR & ET IR EVEAIERIA B X5 A SOn RS TR RihAs s s 5882 IR T i
WIZEREL. RO, &RAERFESNERT 2R %50, @i nonlocal KEF] TG
NINZE .

new-style class -- Fi X X} T H @& 8 T A BX LRI W IHFRIE . 765551 Python hit 4%
v, BB AR (1 A Python 3 (4 38 RIGHr Ik, Bl __slots__. #iAFF. FRAEJE M.
__getattribute_ (). EKHEMBSHESE,

object -- X AT HAIRGS (JEMESE) PALTE AT (5¥E) W%dE. object H2 LA new-style class
H e 2 HL 24

package -- {4, —Fh ] & AR B E I AL 5 P ) Python module, MWFEAR Lk, W2 HA __path__
JE ) Python A5,

%2 W regular package Flnamespace package.

parameter -- JE5 funciion (S7¥%) & PSR, BHEE KA DA Z I —Aargument (BEHR:
LIS, 2A40%E). AIMES:

* positional-or-keyword: B BT, 8 — 0 DAER AL F 20 A2 AT DA 5 42 A4
BARSES . EREARES KR, BIANHR foo Al bar:

’def func (foo, bar=None): ... ‘

* positional-only: {URAIE, $8E— A REBEL M EEANSE RAEES Ll T e m e
XS INRFPENZIFEE—A / FFREL, BT posonlyl Hl posonly2:

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

o keyword-only: {{FRXHET, F8&— N HEGHEM XL ANSE. (R AT LSl TE
PRECE LB SN F R & AT AN B S AL AN AN EES 2 i1 * RE X,
B0 R E ) kw_onlyl £ kw_only2:

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

* var-positional: WIAZRE, € AT AR — MEREE R AL E SHA B TS (e A
BZEEZMMESHZ)GE). BMESWEETEES AR = KE L, IR HEE args:

’def func (*args, **kwargs): ... ‘

* var-keyword: WAZ KGR, H55E A DMRIUE R R TS (MIIEHAES S 20 K
RYSHLIG). ZFESEEAEILSAREINS ~* RE 3, BIA LR kwargs.

JEZ Al PARIIN 35 5 AT MG RE SR, tha] DA R el e SR e BRI E -

5% Wargument RiEFEELH . S ESHX P HE ILE S, inspect .Parameter 2%, function
45D\ % PEP 362,

path entry - BAE A 11 import path WRI—ANERMAL L, Stipath based finder IR B P AR
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path entry finder -- ¥4 A A ES AT — 7] 8 I X % ] sys.path_hooks (Bipath entry hook) & [f]
[ finder , RIS RETE L path entry g iFREHL o

5% importlib.abc.PathEntryFinder DA T #BKIEA BRI LIS T

path entry hook -- BFEA LVEy¥ —Fhal 8 05, FER038 AT & 4R e path entry TR LA 1K DL T BE
%[l sys.path_hook ¥R [E]—"path entry finder.

path based finder -- J£ TP FRMIAE IR ES BRAM—Fp Uik 12 &3R5, AIHE—Nimport path AT FATS

path-like object - JEIRRRX R NFE DU REHENN R KEEXNFZT IR — RN EERER str
BH bytes XA, B[ PAR— TP T os.PathLike MPINAIR . — 1 H+F os.PathLike
PR R AT E S os . fspath () RGN str B3 bytes RAEW LM RGEFE; os.
fsdecode () fll os.fsencode () AIHE 5 RIMLRIRAT str B bytes HRBPLIL . XI5 2
i PEP 519 2| A1,

PEP “Python iR U" MHEHHE . —> PEP L@ (it S0, JHKia Python #LIXFRAEMER, 2l
TR~ Python {3tk M Hlk BE Bk BAEE . PEP 1 2448 BORS i 0 F52 A KRS A1 T4 BURF 1 A S FR
ip

PEP [ 4 /5 4 S BT RR e @i WA OGP S [0 A8 B 13 DA S A A Z3T AL Python (138 T He 3
95 ORI AL . PEP MMEE A TTATAEAL DX NS 30 , FF R IRl B AR A SR
%10 PEP 1.

portion -- 5y 4 BNy 44 23 AL BAAS H SR SCHH R A (BT REAFICT —A> zip SCUE) , Bk X
i, PEP 420,

positional argument -- i & %5 S Wargument.

provisional API -- #5¢ APT ¥ 5¢ APL 2 $545A R HERRTE AR UE P 1Y 1) )5 2 1 PRALE 2 AN I ) SR 2 1
IR Dl E AP ERUCE, HREHMAMC S &, il BB DT B 1 & A A0 B
TN HEAT R G (LR ZEED ) . WAEBOF A X BEREIET - AUE AP N
N RIS FEH ) ™ B BL A P G B 0 BRI AT BB 2o ik AL
B2 X APTSRUL, 15 AR BB il “ SRR 587 —— A A I
R R AT R SE SR B —Fh ] S5 A T R T R
AL B AR SR VAR HE PERF SN BT B, N 2= TR0 MR KR MBSO BRI T . TR L PEP
411,

provisional package -- 8¢ {U, Z: Il provisional API,

Python 3000 Python 3.x A RMMERR (X4 FHERAS 3 1 KA IEEE T R 2B 1) o A
HBAEE N “Py3k”,

Pythonic 35— Lol — B AURD S 25208 T Python 1555 S JH 00 KU FIBES: 1 AS 2 ) i 5
AR AR SE BT . BN, Python [y I A2 B £or TEAIFER A Py — A m] & AU SR
WA TCR . W2 HAE F B XRS5, IR 2428 Python ) AAT I & e 1 — N7t
K

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

TR ¥ B 15735 5 Pythonic (77 4 /& X FEY:

for piece in food:
print (piece)

qualified name -- FUE AR —A-PAUS S0 FRZFR, Tm MBEH )4 R E k8 2t v g A2
BRI YA “BRART, MOEE XL PEP 3155, XFi i EHRI R B2, FREZFRSX 54—
2

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

(P oUgkzh)
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pass

>>> C._ _qgualname_

L} C L}

>>> C.D.__qgqualname___

'Cc.D'

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

R TG AR, R IR S AR AR R AR DS A B B A AR, e S A
ACHL, U email .mime. text:

>>> import email.mime.text
>>> email.mime.text._ name_
'email .mime.text'

reference count -- 5[50 X EFE XS 0951 AR . 24— NZ 05 % 2B, Bra B 9 TR
BORERC. 51 IO Python A5 Sk Uil & @ AW LAY, H'E & CPython SEL— D X4EICE . sys
HE LT —A> getrefcount () BREL, R 51TV F B R [MIRFE XTS5 | AL

regular package -- W Ml L5 M package, BIINALEA—4 __init__.py SUFRTHR.
%2 W namespace package.

_slots__ —FEFEIRNFRRY A, il ad FUSE A W] SR LS X SR F RS BRSO MR AT A R ARX A
BIGARGAT, (HRHEN AR, SRl R DRCE DL R R, BUAIRAE 77 1o I AR
e, HEHH PR EKE LS.

sequence -- J5l] —Ffiizerable, T SZFFEAT _ getitem () FRERJ AR ARG | R A TR
Pil), HE X T —NREFIKIER __len_ () k. WEMFHIRAA 1ist, str. tuple
flbytes, ERER dict ¥ HF __getitem_ () Fl_len_ (), HEHINNE T MRS
5, F e AR AL ) immutable BT AEFEEL

collections.abc.Sequence IR ELEN T —NTEEEWED, BIfE __getitem__ ()
_len_ () ZANXEINT count (), index (), __contains__ () fl __reversed_ (). LI
W R AR DARE I register () SRR

set comprehension -- A4 X Ab B —ASALEAR XIS A e B A U BRI IR I 45 AR G — Bk
EY¥E, results = {c for ¢ in 'abracadabra' if ¢ not in 'abc'} BN FEFEE
& {'r', 'd'}. & comprehensions,

single dispatch -- Y5}k —Fhgeneric function 73JRIL, HELHEET BASHIZERIREREN -

slice -- Y) )i 5 HAL S T REE sequence [—HR NS . YR 2 Fiatrick @@, & 11+
BRI AE B4 nEiT, il variable_name[1:3:5], H¥EE (Fhn) FRicfENFRHEH
slice X%,

special method -- 8k Ji7k —Fh i1 Python FR=CiE H 1 /73, SR XSRS ZE B B A T4 o A 491 A AH I 45
Lo X HER AR JRECAAUT R4 . Rk ) SCRY 2 0L specialnames

statement -- i&4) EAERTFE (— MU “H7) WAL RN . — BRI DA —expression By AT
B FILEN, FHI if. while 5f for,

text encoding -- SCAZRY TR Unicode P45 ER 4 k45 B ) w245

text file -- SCAR LA —FhERAE LS str MR W file object. 8 H— > LA SO SE i@ 15 18] — AT ) 2717
BRI B s Ak Brext encoding, SUARSCAFR B FALFE PASCAR R ("o 8 'w') FTHF SO,
sys.stdin, sys.stdout PAf io.StringIO HJSEH.

il BFbinary file TRBEGIE 7 %34 & H3CHX 4.

triple-quoted string - =315 FHh BRAM S AMELNGS () HEHIG () TR, EIE
b F 5 A T — 5 | AR AR R A A 2R, (R AT . R RRE AR ER P
B GE SUE [ SRINE 5, I ELAT DA 71T JC i T FEBEAE , 740 SO R R AT
.
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type -- 3% AP > Python X R & FAT AR X SAEA R, BHMAXTRPZEAL, ]
PAVIRIER __class__ J@lk, izELU”type (ob3) KK,

type alias -- JORUHH, —ASFAW[E SR, B ZURHEIRAURIE A5 E PR RAT
RAUNZ VR R i 2 3w o il

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

AT DA A R AT s

Color = tuple[int, int, int]

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

Z W, typing Fl PEP 484 HA A %f I eI 4R o
type hint -- RMIPE5R annotation A5t RN, BREITE S S0R METE & R R 283,

RABRJE T AT, Python AZORFEMHE, (HHATNEESIA AT TR, 7RIk IDE s
Hfrh 4 5 EHA

SRR KRR R RPN T AT typing.get_type_hints () K5, [HEHA
B PA.

ZIL typing fll PEP 484, H At LI RERYLEAR 4 o

universal newllnes - JEIH% A7 — RSO K, AR ?%%‘Klﬂ%ﬂjﬂ TEER bR Unix 1917
LERYE . Windows FJZ5E '\r\n"' DA IHR Macintosh [ 24 5E . Z: I PEP 278 #1 PEP
3116 # bytes .splitlines () THEEZ HEBLA.

variable annotation -- 2 71 i Xj‘ﬂlr R E M annotation.,
TEARE AR RSB PERT, A PTBEHEh R

class C:

field: 'annotation'
A AR E g AR R AR s BIAnPA AR R AU EZ int JERR(A:
count: int = 0

AR AR TEYE LN R RE I annassign —Y
S % function annotation, PEP 484 Fil PEP 526, H.rp3f I FeA A4 R

virtual environment -- JEHIIAEE —FR FHHME PR B 0021 TR R, fi4 Python | PRI IR A 40 %
T+ Python 43 K WA 2 T8 Al — R 58 iz 7THyHAth Python I AR FIIFT A .

HZIL venv,

virtual machine -- JEHIHL — & 5E 4l A B2 LATTHEAL. Python [ ML AT AT 5 g 2R 4 BT A i
W) bytecode.

Zen of Python - Python 2§ 51, Python ity G725, A7 My TR 5 (S MG . A7 HUL K
WA TS AR AT A import this”,
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i AA

KSR A reStructured Text JF3CRY, f Sphinx  (—A4~% 12 Python SUR{S ISR NAS) B

ASCRIFIE BT T REER T A5t 4@ th G B 58 i, ORI Python AR By—#f, WERAARS S5k, 15
1% reporting-bugs TAFANT S5 . FATBE G R ) SR !

AR s -
* Fred L. Drake, Jr., @i 7 H T 54 Python SCRYH) T HAE, PAKIRS THE% 21030k
o Docutils #f0) W H, AT reStructuredText LA F1 Docutils Z0/4-E 44
e Fredrik Lundh, Sphinx M ftli[#¥] Alternative Python Reference T H H13%45 TR £ {F-mhAH .

B.1 Python IC#TRiikE

H 24 Python i#i75, Python #3HEEE il Python SCRYA SR A, i Python J5 fUT %A ff) Misc/ACKS X
B T A TR

AT Python 4L X Y5 ARITIHK, Python 44 1 AN H €5 B ST - I AA1T !
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appeENDIX C

7 S F0iFATE

C.1 ZHHFrIm s

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

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

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

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

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

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

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

Python A SCRS ) I V7 AT 3BT PSF 4 T #7350

M Python 3.8.6 7y, SURHHFAYZRBI . A5 SAIHARACAS R 2 PSF ¥ AT PSR 4 2k BSD 76T 1)
XUEE 0T

H2e 0 S 7E Python FRAR @ BT AR VAT . XEEVFal S MV Z TR —FF . A Kk
VAT R SEBE 51 48 S RO Fe Ak PR ey 35 TG 5o 33t

C.2.1 FiF PYTHON 3.9.1 iy PSF #FE[{HiY

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

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

3.9.1 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 3.9.1 alone or in any derivative

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

copyright, i.e., "Copyright © 2001-2020 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.9.1 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 3.9.1 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
3.9.1.

4. PSF is making Python 3.9.1 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.9.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.1
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.1, OR ANY.
—~DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. 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 3.9.1, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FHF PYTHON 2.0 gy BEOPEN.COM o] {ipiX
BEOPEN PYTHON FFJi4 A M3 &5 1 i)

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

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

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

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

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

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

(R
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granted on that web page.

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

C.2.3 FF PYTHON 1.6.1 g5 CNRI ¥#F o] tipil

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

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

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

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

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

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

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

(N oiaRs:)
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sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 FF PYTHON 0.9.0 E 1.2 5 CWI ¥ a]Hpix

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 3.9.1 DOCU-
MENTATION

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

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

C.3 #Ur R Ha0 3T aIE SIS

A58 Python Z A7 SR I 50 =7 FPFRVF TIOR8, %0 B AN se B BRI R 19
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C.3.1 Mersenne Twister

_random B ET hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html "~ 2 /)

. AT REMA AR e B (750):

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)

C3.2 EfEx

socket B (fi ] getaddrinfo () fl getnameinfo () PREL, XL AL ¥E WIDE I H
/Iwww.wide.ad.jp/) R EESE SC R,

(http:

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

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

modification, are permitted provided that the following conditions

are met:

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

2. Redistributions in binary form must reproduce the above copyright

(FgkzE)
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notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.
3. Neither the name of the project nor the names of its contributors

may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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.33 RLEEFIRS

asynchat fll asyncore fHE & A R EH:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 Cookie &1

http.cookies FizRal4 DA H:

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

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

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

C.3.5 HiTERR

trace BHALE 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.

C.3.6 UUencode 5 UUdecode F#k

uu AL DA R

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.

(CFgkzs)
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LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML & i 2=EAH

xmlrpc.client fEHEE DA FHEH:

The XML-RPC client interface is

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

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

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

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

C.3.8 test_epoll

test_epoll MR F AT AEI:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BERIKT kqueue [ AL AR FHEIH:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

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

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

C.3.10 SipHash24

Python/pyhash.c {47 Marek Majkowski’ %] Dan Bernstein [} SipHash24 2 ¥ERISEH . EREPAT
—=
FEH:

<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

Q)
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all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #1 dtoa

Python/dtoa.c XML T CIEF MY dtoa Fil strtod pREL, HIT-KF C 1B F WP BRI FAF R 1 TG
iy David M. Gay 19 [q) 4% SCEFIRAETNSE, %0424 5 m] M http://www.netlib.org/fp/ F#%. 2009 4F 3 H 16 H
For 2R 3 1 J 1 SO B AR BSOBCRIA W] e B

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

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

* % o

* % o

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

* % o

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

C.3.12 OpenSSL

WARBAERG WA, W hashlib, posix, ssl, crypt Bl ] OpenSSL ke mibEfg. Bboh, EHT
Python [1Y) Windows Fl Mac OS X 424 #%2 )7 1] AE {U3% OpenSSL FER#5 D1, B AYE AL A i T OpenSSL
AER S 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.

*

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

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-corelopenssl.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. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

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

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

Original SSLeay License

* % ok X % ok %

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.

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

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

the code are not to be removed.

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

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

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

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

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

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

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

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.]
/
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C.3.13 expat

BRIEBEN ——with-system—expat BB THE, T pyexpat AR M5 expat YR DG

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

BRAEGE ——with-system-1ibffi U THH, I _ctypes ¥ ARt Libffi JAHE DM T

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

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

R ARG EAR B 21ib BAKIFTFE kN TH 8, W 5 2lib SRR DR 2110 3 &:

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

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

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

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

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

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

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

C.3.16 cfuhash

tracemalloc {§i MW Z M S L 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)

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

C.3.17 libmpdec

AR ——with-system—libmpdec Bl E THZEE, &N _decimal FEHERE F A4S libmpdec JE H#2
DUAS R

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

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

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

C.3.18 W3C C14N X EH

test f (lib/test/xmltestdata/c14n-20/) H1f{) C14N2.0 X E 2k P+ W3C B https://www.w3.org/TR/
xml-c14n2-testcases/ , HAR$E BSD ¥ A[IF (=42M) %47:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang), All Rights Reserved.

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

¢ Redistributions of works must retain the original copyright notice, this list of conditions and the
following disclaimer.

* Redistributions in binary form must reproduce the original copyright notice, this list of condi-
tions 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 1S” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTIC-
ULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
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CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EX-
EMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PRO-
CUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABIL-
ITY, 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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CO_FUTURE_DIVISION (C &%), 19
code object, 115
coercion —-- HEH|EA H#, 223
compile

B E &%, 41
complex number

Xt &, 84
complex number —--— £ #i,223
context manager —- T XA &E, 223

context variable —-- FTFXZ#&,223
contiguous, 72

contiguous —-- #%%r,223

copyright (in module sys), 140

coroutine -- P, 223

coroutine function -- W& E %, 223

CPython, 223
create_module (C %), 120

D

decorator -- E/fi# 223
descrget func (C £4), 213
descriptor —-- FhxK#, 223
descrsetfunc (C (%), 213
destructor (C (M), 213

dictionary comprehension —- FHiESRK,

223
dictionary view -- FHALE, 224
divmod
& & %, 64
docstring —— XAFHE, 224
duck-typing —- #-F KA 224

E

EAFP, 224

EOFError (built-in exception), 117
exc_info () (in module sys), 9
exec_module (C &%), 121
exec_prefix, 4

executable (in module sys), 140

exit (), 39

expression -- RHKR, 224
extension module -- ¥ Bk, 224

F
f-string ——- f-F4 8,224
file
T4, 116
file object -- X%, 224
file-like object —-- XHExt%£, 224
finder —— #&#H &, 224
float
B & & %, 65
floating point
Xt %, 84
floor division -- i FEER 3%, 224
Fortran contiguous, 72,223
free (), 171
freefunc (C (), 213
freeze utility,42
frozenset
&, 112
function
T4, 113
function -- ¥, 224
function annotation —-- B AriE, 224

G

garbage collection -- Hrdk [, 225
generator, 225

generator —— 4 &k, 225

generator expression, 225

generator expression —-- 4 i # £ & R,

225

generator iterator —- 4 RE&%RE, 225

generic function -- & A E#, 225
generic type —— RA XA 225
getattrfunc (C £#), 213
getattrofunc (C £#&), 213
getbufferproc (C £8), 214

dictionary getiterfunc (C X&), 213
%, 110 GIL, 225
dictionary -- 4,223 global interpreter lock, 142
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global interpreter lock —-- 42 F @ B #
4, 225

F{

hash
[E1E %%, 57, 195
hash-based pyc —-- ET%%HH pyc, 225
hashable —- W¥ %, 225
hashfunc (C £7%), 213

IDLE, 225

immutable -- AT 7%, 226
import path —-- B AEAZ, 226
importer —-- % A4, 226
importing ——- B A, 226
incr_item(), 10, 11

initproc (C (7)), 213
inquiry (C %(7#), 218
instancemethod

&, 114
[EE & %, 65

integer
X%, 80
interactive
interpreted
interpreter
interpreter

int

-— X H,226

— EBA, 226

lock, 142

shutdown —-- %@%%&%l‘?ﬂﬂ%
iterable —- F#RXZ, 226

iterator —- #H R £, 226

iternextfunc (C £#), 214

K

key function -- % &%, 226
KeyboardInterrupt (built-in exception), 28
keyword argument -- X*#F5H, 226

L

lambda, 226
LBYL, 227
len
[EIE & %, 58, 66,67, 109, 111, 113
lenfunc (C (&), 214
list
T4, 108
list -- %%, 227
list comprehension —- 7%|%k# &R, 227
loader —-— Jun# %, 227
lock, interpreter, 142
long integer
Xt 4, 80

LONG_MAX, 81

M
magic
method, 227
magic method -- EAF ¥, 227

main (), 139, 141
malloc (), 171
mapping

4,110
mapping —— B4, 227
memoryview

T4, 125
meta path finder -- TLERZEHE, 227
metaclass —-- TG, 227
METH_CLASS ([F & % &), 183
METH_COEXIST (F1% % %), 183
METH_FASTCALL (FJE % ), 182
METH_NOARGS ([E]& % %), 183
METH_O (H& % &), 183
METH_STATIC (EJ& &%), 183
METH_VARARGS ([F1% % %), 182
method

magic, 227

special, 230

4,115
method —-- ¥, 227
method resolution order -- % ffﬁ’i 7})1” i

)7, 227

MethodType (in module types), 113, 115
module

search path, 11, 138, 140

&, 117
module —— M, 227
module spec —-- HEHHAE, 227
modules (in module sys), 40, 138
ModuleType (in module types), 117
MRO, 227
mutable —- T 4%, 227

N

named tuple —— B %14, 227
namespace —— w4 % |4, 228
namespace package —— @& XA, 228
nested scope —— #HhEEHH, 228
new-style class -- #a.%, 228
newfunc (C (%), 213
None

Xt %, 80

numeric

£, 80
@)

object

code, 115
object —- Xt%,228
objobjargproc (C £(A), 214
objobiproc (C £A),214
OverflowError (built-in exception), 81, 82

F)

package -— 4,228
package variable
_all_ .40
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parameter —-- H5, 228
PATH, 11
path

module search, 11, 138, 140
path (in module sys), 11, 138, 140

path based finder —— £ T R AW & R &#

229
path entry -- BHEANH,228

path entry finder -—— BN p&E, 229

path entry hook -- BEHENH4#4T,229
path-like object —-- B#ZEX%,229
PEP, 229

platform (in module sys), 140

portion —-- 4,229

positional argument --— fI%& 5%, 229
pow

[FIE & #, 64, 65
prefix, 4
provisional API -- #¥ & API,229
provisional package —- % E M, 229

Py_ABS (C %), 4

Py_AddPendingCall (C &%), 150
Py_AddPendingCall (), 150
Py_AtExit (C &%), 39
Py_BEGIN_ALLOW_THREADS,142
Py_BEGIN_ALLOW_THREADS (C frZ), 145
Py_BLOCK_THREADS (C f), 145
Py_buffer (C %), 69

Py_buffer

Py_buffer

Py_buffer.
Py_buffer.
Py_buffer.
Py_buffer.
Py_buffer.
Py_buffer.
Py_buffer.
Py_buffer.

.buf (C & ), 69
Py_buffer.
.internal (C i 1), 71

format (C p. i), 70

itemsize (C A 1), 70
len (C m %), 70

ndim (C & i), 70

obj (C AR ), 70
readonly (C & i), 70
shape (C m&. i), 70
strides (C m 1), 70
suboffsets (C . ), 70

Py_Buildvalue (C &%), 49
Py_BytesMain (C FH %), 15
Py_BytesWarningFlag (C L %), 136
Py_CHARMASK (C %), 5

Py_CLEAR (C ##%), 21
Py_CompileString (C FH#k), 18
Py_CompileString(), 19
Py_CompileStringExFlags (C &#), 18
Py_CompileStringFlags (C &%), 18

Py_END_ALLOW_THREADS, 142
Py_END_ALLOW_THREADS (C %), 145
Py_EndInterpreter (C &#), 149
Py_EnterRecursiveCall (C k), 31
Py_eval_input (C T &), 19

Py_Exit (C &4%), 39

Py_ Ex1tStatusExceptlon (C 30, 157
Py_False (C %), 83

Py_FatalError (C &#), 39
Py_FatalError (), 141
Py_FdIsInteractive (C #4%), 35
Py_file_input (C &%), 19
Py_Finalize (C &%), 138
Py_FinalizeEx (C &%), 138
Py_FinalizeEx (), 39, 138, 149
Py_FrozenFlag (C &%), 136
Py_GetArgcArgv (C H4%), 168
Py_GetBuildInfo (C FH#), 141
Py_GetCompiler (C k), 140
Py_GetCopyright (C FH#k), 140
Py_GETENV (C %), 5
Py_GetExecPrefix (C %4%), 139
Py_GetExecPrefix (), 11
Py_GetPath (C JH3k), 140
Py_GetPath (), 11, 139, 140
Py_GetPlatform (C FH#k), 140
Py_GetPrefix (C FH4%), 139
Py_GetPrefix (), 11
Py_GetProgramFullPath (C F#%), 140
Py_GetProgramFullPath (), 11
Py_GetProgramName (C &#%), 139
Py_GetPythonHome (C &%), 141
Py_GetVersion (C &%), 140
Py_HashRandomizationFlag (C & §) 136
Py_IgnoreEnvironmentFlag (C &%), 136
Py_INCREF (C & %%), 21
Py_INCREF (), 06

Py_Initialize (C &%), 138
Py_Initialize (), 11,139,149
Py_InitializeEx (C FH#), 138
Py_InitializeFromConfig (C &%), 164
Py_InspectFlag (C & &), 136
Py_InteractiveFlag (C &%), 137
Py_IS_TYPE (C $4%), 180
Py_IsInitialized (C &%), 138

Py_ IsInitialized() 11
Py_IsolatedFlag (C T #), 137
Py_LeaveRecursiveCall (C H4%), 31

Py_CompileStringObject (C H4%), 18 Py_LegacyWindowsFSEncodingFlag (C & &),

Py_complex (C 9*’:‘7*']) 84

Py_DebugFlag (C £ &), 136
Py_DecodeLocale (C & %k), 36

Py_DECREF (C &%), 21

Py_DECREF (), 6

Py_DEPRECATED (C %), 5

Py_ DonterteBytecodeFlag (C &), 136
Py_Ellipsis (C T &), 125
Py_EncodeLocale (C &%), 37

137
Py_LegacyWindowsStdioFlag (C & &), 137
Py_Main (C &#), 15
Py_MAX (C %), 4
Py_MEMBER_SIZE (C %), 5
Py_MIN (C %), 4
Py_mod_create (C %), 120
Py_mod_exec (C %), 121

Py_NewInterpreter (C F%k), 148

258

#5l



The Python/C API, %% 3.9.1

Py_None (C &%), 8()

Py_NoSiteFlag (C &%), 137

Py_NotImplemented (C & &), 55

Py_ NoUserSLteDlrectory c=z

Py_OptimizeFlag (C &%), 137

Py_PrelInitialize (C &%), 159

Py_PrelnitializeFromArgs (C &%), 159

Py _PrelnitializeFromBytesArgs (C & %),
159

Py_PRINT_RAW, 117

Py_QuietFlag (C &%), 137

Py_REFCNT (C %), 180

Py_ReprEnter (C H%k), 31

Py_ReprLeave (C F#k), 31

Py_RETURN_FALSE (C %), 83

Py_RETURN_NONE (C %), 80

Py_RETURN_NOTIMPLEMENTED (C %), 55

Py_RETURN_RICHCOMPARE (C %), 201

Py_RETURN_TRUE (C %), 83

Py_RunMain (C &%%), 168

Py_SET_REFCNT (C &%), 181

Py_SET_SIZE (C %), 181

Py_SET_TYPE (C & 4%), 180

Py_SetPath (C &#k), 140

Py_SetPath (), 140

Py_SetProgramName (C &%), 139

Py_SetProgramName (), 11, 138140

Py_SetPythonHome (C F4k), 141

Py_SetStandardStreamEncoding (C & %),
139

Py_single_input (C £ #), 19

Py_SIZE (CR), 181

PY_SSIZE_T_MAX, 82

Py_STRINGIFY (C %), 4

Py_TPFLAGS_BASE_EXC_SUBCLASS (& & %),
198

Py_TPFLAGS_BASETYPE (/% %), 197

Py_TPFLAGS_BYTES_SUBCLASS (F1& % ¥), 198

Py_TPFLAGS_DEFAULT (B % % %), 198

Py_TPFLAGS_DICT_SUBCLASS (1% % &), 198

Py_TPFLAGS_HAVE_FINALIZE (H& % %), 198

Py_TPFLAGS_HAVE_GC (F1& % %), 197

Py_TPFLAGS_HAVE_VECTORCALL ([F] & & ),
199

Py_TPFLAGS_HEAPTYPE (E]%& % %), 197

Py_TPFLAGS_LIST_SUBCLASS (F1E % %), 198

Py_TPFLAGS_LONG_SUBCLASS (F1E % %), 198

%), 137

Py_tss_t (C £A), 152
Py_TYPE (C ?‘) 180
Py_UCS1 (C £7), 89
Py_UCS2 (C £7), 89
Py_UCS4 (C %(7), 89
Py_UNBLOCK_THREADS (C %), 145
Py_ UnbufferedStdloFlag (C % &), 137
Py_UNICODE (C (%), 89
Py_UNICODE_IS_HIGH_SURROGATE (C %), 92
Py_UNICODE_IS_LOW_SURROGATE (C %), 92
Py_UNICODE_IS_SURROGATE (C %), 92
Py_UNICODE_ISALNUM (C %%%), 91
Py_UNICODE_ISALPHA (C #4%), 91
Py_UNICODE_ISDECIMAL (C %), 91
Py_UNICODE_ISDIGIT (C %), 91
Py_UNICODE_ISLINEBREAK (C ##%), 91
Py_UNICODE_ISLOWER (C $#4%), 91
Py_UNICODE_ISNUMERIC (C &3%), 91
Py_UNICODE_ISPRINTABLE (C %#%), 91
Py_UNICODE_ISSPACE (C %), 91
Py_UNICODE_ISTITLE (C &%4%), 91
Py_UNICODE_ISUPPER (C FH4%), 91
Py_UNICODE_JOIN_SURROGATES (C %), 92
Py_UNICODE_TODECIMAL (C % %%), 92
Py_UNICODE_TODIGIT (C %), 92
Py_UNICODE_TOLOWER (C #4%), 91
Py_UNICODE_TONUMERIC (C ##%), 92
Py_UNICODE_TOTITLE (C F4%), 92
Py_UNICODE_TOUPPER (C % #%), 92
Py_UNREACHABLE (C %), 4
Py_UNUSED (C %), 5
Py_VaBuildvalue (C &%), 50
PY_VECTORCALL_ARGUMENTS_OFFSET (C %), 59
Py_VerboseFlag (C & &), 137
Py_VISIT (C &%), 217
Py_XDECREF (C & #%), 21
Py_XDECREF (), 11
Py_XINCREF (C &4%), 21
PyAnySet_Check (C FH#k), 112
PyAnySet_CheckExact (C &3), 112
PyArg_Parse (C &%), 48
PyArg_ParseTuple (C FH#), 48
PyArg_ParseTupleAndKeywords (C F##%), 48
PyArg_UnpackTuple (C &%), 48
PyArg_ValidateKeywordArguments (C &%),
48
PyArg_VaParse (C $H4%), 48

Py_TPFLAGS_METHOD_DESCRIPTOR ([FJ& % %), PyArg_VaParseTupleAndKeywords (C & k),
198 48
Py_TPFLAGS_READY ([F1 % % &), 197 PyASCIIObject (C £A), 89
Py_TPFLAGS_READYING ([E% % &), 197 PyAsyncMethods (C £#), 212
Py_TPFLAGS_TUPLE_SUBCLASS (FJE % %), 198 PyAsyncMethods.am_aiter (C s 1), 212
Py_TPFLAGS_TYPE_SUBCLASS (1 E % %), 198 PyAsyncMethods.am_anext (C s ), 213
Py_TPFLAGS_UNICODE_SUBCLASS ( H T &), PyAsyncMethods.am_ await (C & Rt), 212
198 PyBool_Check (C F#%), 83
Py_tracefunc (C £®), 150 PyBool_FromLong (C #%k), 83
Py_True (C £ &), 83 PyBUF_ANY_CONTIGUOUS (C %), 72
Py_tss_NEEDS_INIT (C %), 152 PyBUF_C_CONTIGUOUS (C %), 72
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PyBUF_CONTIG (C %), 73
PyBUF_CONTIG_RO (C %), 73
PyBUF_F_CONTIGUOUS (C &), 72
PyBUF_FORMAT (C %), 71
PyBUF_FULL (C %), 73
PyBUF_FULL_RO (C %), 73
PyBUF_INDIRECT (C %), 72
PyBUF_ND (C %), 72
PyBUF_RECORDS (C %), 73
PyBUF_RECORDS_RO (C %), 73
PyBUF_SIMPLE (C %), 72
PyBUF_STRIDED (C %), 73
PyBUF_STRIDED_RO (C %), 73
PyBUF_STRIDES (C %), 72
PyBUF_WRITABLE (C %), 71
PyBuffer FillContiguousStrides (C &%),
75
PyBuffer_FillInfo (C &%), 75
PyBuffer_ FromContiguous (C &%), 75
PyBuffer_GetPointer (C %), 75
PyBuffer_IsContiguous (C H4%), 74
PyBuffer_ Release (C FH4k), 74
PyBuffer_ SizeFromFormat (C &#), 74
PyBuffer_ToContiguous (C %), 75
PyBufferProcs, 69
PyBufferProcs (C £ &), 211
PyBufferProcs.bf_getbuffer (C A ), 211
PyBufferProcs.bf_releasebuffer (C i i),
212
PyByteArray_AS_STRING (C &%), 88
PyByteArray_AsString (C &%), 88
PyByteArray_Check (C &4%), 88
PyByteArray_CheckExact (C &), 88
PyByteArray_Concat (C &%%), 88
PyByteArray_FromObject (C &%), 88
PyByteArray FromStringAndSize (C & #k),
88
PyByteArray_GET_SIZE (C F %), 88
PyByteArray_Resize (C H#), 88
PyByteArray_Size (C H#), 88
PyByteArray_Type (C & &), 87
PyByteArrayObject (C £ ), 87
PyBytes_AS_STRING (C H#k), 87
PyBytes_AsString (C k), 87
PyBytes_AsStringAndSize (C &%), 87
PyBytes_Check (C &%), 86
PyBytes_CheckExact (C &%), 86
PyBytes_Concat (C &%), 87
PyBytes_ConcatAndDel (C #4%), 87
PyBytes_FromFormat (C #%), 86
PyBytes_FromFormatV (C k), 86
PyBytes_FromObject (C &%), 86
PyBytes_FromString (C #4&), 86
PyBytes_FromStringAndSize (C k), 86
PyBytes_GET_SIZE (C &%), 87
PyBytes_Size (C FH), 86
PyBytes_Type (C £ &), 86
PyBytesObject (C &), 86

PyCallable_Check (C &%), 63
PyCallIter_Check (C FH#k), 123
PyCalllIter_New (C F#g), 123
PyCallIter_Type (C T %), 123
PyCapsule (C £#), 127
PyCapsule_CheckExact (C FH#%), 127
PyCapsule_Destructor (C &), 127
PyCapsule_GetContext (C &), 127
PyCapsule_GetDestructor (C H#), 127
PyCapsule_GetName (C &%), 127
PyCapsule_GetPointer (C FHik), 127
PyCapsule_Import (C %), 127
PyCapsule_IsValid (C &%), 127
PyCapsule_New (C &%), 127
PyCapsule_SetContext (C &%), 128
PyCapsule_SetDestructor (C &#), 128
PyCapsule_SetName (C &), 128
PyCapsule_SetPointer (C k), 128
PyCell_Check (C &%), 115
PyCell_GET (C % %%), 115
PyCell_Get (C H4), 115
PyCell_New (C FH4%), 115
PyCell_SET (C &%%), 115
PyCell_Set (C &%), 115
PyCell_Type (C T &), 115
PyCellObject (C £A), 115
PyCFunction (C (&), 181
PyCFunctionWithKeywords (C %), 181
PyCMethod (C £#), 182
PyCode_Check (C H%k), 116
PyCode_GetNumFree (C %4%), 116
PyCode_New (C F#4%), 116
PyCode_NewEmpty (C &%), 116
PyCode_NewWithPosOnlyArgs (C k), 116
PyCode_Type (C &), 116
PyCodec_BackslashReplaceErrors (C %),
54
PyCodec_Decode (C H4%), 53
PyCodec_Decoder (C &#%), 53
PyCodec_Encode (C ##), 53
PyCodec_Encoder (C &%), 53
PyCodec_IgnoreErrors (C %), 54
PyCodec_IncrementalDecoder (C H4%), 53
PyCodec_IncrementalEncoder (C F4%), 53
PyCodec_KnownEncoding (C &#¢), 53
PyCodec_LookupError (C %4%), 53
PyCodec_NameReplaceErrors (C &#k), 54
PyCodec_Register (C &%), 53
PyCodec_RegisterError (C &), 53
PyCodec_ReplaceErrors (C k), 54
PyCodec_StreamReader (C $%4%), 53
PyCodec_Streamiiriter (C $%4%), 53
PyCodec_StrictErrors (C &%), 54
PyCodec_XMLCharRefReplaceErrors (C &
#0), 54
PyCodeObject (C £#&), 116
PyCompactUnicodeObject (C %), 89
PyCompilerFlags (C £#&), 19
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PyCompilerFlags.cf_feature_version (C
BB, 19
PyCompilerFlags.cf_flags (Cm. i), 19
PyComplex_AsCComplex (C ##), 85
PyComplex_Check (C &4%), 85
PyComplex_CheckExact (C #4%), 85
PyComplex_FromCComplex (C FH#%), 85
PyComplex_FromDoubles (C &#), 85
PyComplex_TImagAsDouble (C &%), 85
PyComplex_RealAsDouble (C &), 85
PyComplex_Type (C &), 85
PyComplexObiject (C £7A), 85
PyConfig (C £#&), 160
PyConfig_Clear (C k), 160
PyConfig_InitIsolatedConfig (C F#k), 160
PyConfig_ InitPythonConfig (C &%), 160
PyConfig_ Read (C &%), 160
PyConfig_SetArgv (C k), 160
PyConfig_SetBytesArgv (C k), 160
PyConfig_SetBytesString (C &), 160
PyConfig_SetString (C &%), 160
PyConfig_SetWideStringList (C &%), 160
PyConfig._use_peg_parser (C &R ), 164
PyConfig.argv (C & 1), 161
PyConfig.base_exec_prefix (Cm. i), 161
PyConfig.base_executable (Ca i), 161
PyConfig.base_prefix (Cm. 1), 161
PyConfig.buffered_stdio (Cm %), 161
PyConfig.bytes_warning (C m i), 161
PyConfig.check_hash_pycs_mode (C & R),
161
PyConfig.configure_c_stdio (C & 1), 161
PyConfig.dev_mode (C . 1), 161
PyConfig.dump_refs (C iR ), 161
PyConfig.exec_prefix (Cm i), 161
PyConfig.executable (C m i), 161
PyConfig.faulthandler (C & i), 161
PyConfig.filesystem_encoding (C m R),
161
PyConfig.filesystem_errors (C & 1), 162
PyConfig.hash_seed (C & R ), 162
PyConfig.home (C & 1), 162
PyConfig.import_time (C m. 1), 162
PyConfig.inspect (C m i), 162
PyConfig.install_signal_handlers (C
®), 162
PyConfig.interactive (C A, i), 162
PyConfig.isolated (C A& 1), 162
PyConfig.legacy_windows_stdio (C r i),
162
PyConfig.malloc_stats (C & i), 162
PyConfig.module_search_paths (C m R),
162
PyConfig.module_search_paths_set (C X
R), 162
PyConfig.optimization_level (C m i), 162
PyConfig.parse_argv (C s i), 162
PyConfig.parser_debug (C & 1), 163

PyConfig.pathconfig_warnings (C m R),
163
PyConfig.platlibdir (C s i), 161
PyConfig.prefix (C s i), 163
PyConfig.program_name (C A& i), 163
PyConfig.pycache_prefix (Cm %), 163
PyConfig.pythonpath_env (C & ), 162
PyConfig.quiet (C . 1), 163
PyConfig.run_command (C & i), 163
PyConfig.run_filename (C & 1), 163
PyConfig.run_module (C . 5it), 163
PyConfig.show_ref_count (C & %), 163
PyConfig.site_import (C A X), 163
PyConfig.skip_source_first_line (C
n), 163
PyConfig.stdio_encoding (C s 1), 163
PyConfig.stdio_errors (C & i), 163
PyConfig.tracemalloc (C s %), 163
PyConfig.use_environment (C & i), 163
PyConfig.use_hash_seed (Cm. i), 162
PyConfig.user_site_directory (C & R),
163
PyConfig.verbose (C s i), 163
PyConfig.warnoptions (C s i), 163
PyConfig.write_bytecode (C & 1), 164
PyConfig.xoptions (C m& 1), 164
PyContext (C %), 129
PyContext_CheckExact (C FH#k), 129
PyContext_Copy (C FH#k), 130
PyContext_CopyCurrent (C F#), 130
PyContext_Enter (C &%), 130
PyContext_Exit (C &%), 130
PyContext_New (C &%), 130
PyContext_Type (C £ %), 129
PyContextToken (C %), 129
PyContextToken_CheckExact (C &%), 129
PyContextToken_Type (C T %), 129
PyContextVar (C (), 129
PyContextVar_CheckExact (C &), 129
PyContextVar_Get (C %), 130
PyContextVar_New (C %#%), 130
PyContextVar_Reset (C &%), 130
PyContextVar_Set (C &%), 130
PyContextVar_Type (C T ¥), 129
PyCoro_CheckExact (C &#), 129
PyCoro_New (C F%%), 129
PyCoro_Type (C £ &), 129
PyCoroObject (C £#), 129
PyDate_Check (C #4%), 130
PyDate_CheckExact (C &), 131
PyDate_FromDate (C &%), 131
PyDate_FromTimestamp (C FH#%), 133
PyDateTime_Check (C % #%), 131
PyDateTime_CheckExact (C &%), 131
PyDateTime_DATE_GET_HOUR (C F&#%), 132
PyDateTime_DATE_GET_MICROSECOND (C &
#), 132
PyDateTime_DATE_GET_MINUTE (C &%), 132
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PyDateTime_DATE_GET_SECOND (C % 4%), 132
PyDateTime_DELTA_GET_DAYS (C &%), 132
PyDateTime_DELTA_GET_MICROSECONDS (C

#0), 132
PyDateTime_DELTA_GET_SECONDS (C & #),
132

PyDateTime_FromDateAndTime (C %), 131
PyDateTime_FromDateAndTimeAndFold (C &
%), 131
PyDateTime_FromTimestamp (C FH4%), 132
PyDateTime_GET_DAY (C &%), 132
PyDateTime_GET_MONTH (C k), 132
PyDateTime_GET_YEAR (C &%), 132
PyDateTime_TIME_GET_HOUR (C & #%), 132
PyDateTime_TIME_GET_MICROSECOND (C &
#0), 132
PyDateTime_TIME_GET_MINUTE (C %4%), 132
PyDateTime_TIME_GET_SECOND (C & 4%), 132
PyDateTime_TimeZone_UTC (C & &), 130
PyDelta_Check (C &%), 131
PyDelta_CheckExact (C %), 131
PyDelta_FromDSU (C &), 131
PyDescr_IsData (C k), 124
PyDescr_NewClassMethod (C &%), 124
PyDescr_NewGetSet (C &), 124
PyDescr_NewMember (C &%), 124
PyDescr_NewMethod (C &%), 124
PyDescr_NewWrapper (C % 4%), 124
PyDict_Check (C &%), 110
PyDict_CheckExact (C &%), 110
PyDict_Clear (C &%), 110
PyDict_Contains (C %), 110
PyDict_Copy (C &), 110
PyDict_DelTltem (C &%), 110
PyDict_DelItemString (C k), 110
PyDict_GetTItem (C &%), 110
PyDict_GetItemString (C &#k), 110
PyDict_GetItemWithError (C &), 110
PyDict_Ttems (C &), 111
PyDict_Keys (C &%), 111
PyDict_Merge (C F%), 111
PyDict_MergeFromSeq2 (C &), 112
PyDict_New (C &%), 110
PyDict_Next (C F#k), 111
PyDict_SetDefault (C H#k), 111
PyDict_SetItem (C &%), 110
PyDict_SetTtemString (C &%), 110
PyDict_Size (C &), 111
PyDict_Type (C £ &), 110
PyDict_Update (C F%k), 112
PyDict_values (C &%), 111
PyDictObject (C £ A), 110
PyDictProxy_New (C &%), 110
PyDoc_STR(C %), 5
PyDoc_STRVAR (C &), 5
PyErr_BadArgument (C &%), 24
PyErr_BadInternalCall (C &%), 26
PyErr_CheckSignals (C &%), 28

PyErr_Clear (C &%), 23
PyErr_Clear(),9,11
PyErr_ExceptionMatches (C &%), 27
PyErr_ExceptionMatches (), 11
PyErr_Fetch (C k), 27
PyErr_Format (C $4%), 24
PyErr_FormatV (C &%), 24
PyErr_GetExcInfo (C FHik), 28
PyErr_GivenExceptionMatches (C &#%), 27
PyErr_NewException (C F%%), 29
PyErr_NewExceptionWithDoc (C &%), 29
PyErr_NoMemory (C FH4%), 24
PyErr_NormalizeException (C %), 28
PyErr_Occurred (C &), 27
PyErr_Occurred(),9
PyErr_Print (C %#), 24
PyErr_PrintEx (C FH4%), 23
PyErr_ResourceWarning (C &%), 27
PyErr_Restore (C %), 27
PyErr_SetExcFromWindowsErr (C &), 25
PyErr_SetExcFromWindowsErrWithFilename
(C &%), 25

PyErr_SetExcFromWindowsErrWithFilenameObject

(C &), 25

PyErr_SetExcFromWindowsErrWithFilenameObjects

(C &%), 25
PyErr_SetExcInfo (C FH), 28
PyErr_SetFromErrno (C F4%), 24
PyErr_SetFromErrnoWithFilename (C % #%),
25
PyErr_SetFromErrnoWithFilenameObject
(C &%), 24
PyErr_SetFromErrnoWithFilenameObjects
(C &%), 25
PyErr_SetFromWindowsErr (C &), 25
PyErr_SetFromWindowsErrWithFilename (C
F40), 25
PyErr_SetImportError (C %), 25
PyErr_SetImportErrorSubclass (C &), 26
PyErr_SetInterrupt (C FHi), 28
PyErr_SetNone (C &4%), 24
PyErr_SetObject (C &%), 24
PyErr_SetString (C &%), 24
PyErr_SetString(),9
PyErr_SyntaxLocation (C &%), 26
PyErr_SyntaxLocationEx (C &%), 26
PyErr_SyntaxLocationObject (C F%%), 25
PyErr_WarnEx (C &%), 26
PyErr_WarnExplicit (C F4%), 26
PyErr_WarnExplicitObiject (C &%), 26
PyErr_WarnFormat (C FH#%), 26
PyErr_WriteUnraisable (C k), 24
PyEval_AcquireLock (C &%), 148
PyEval_AcquireThread (C FH4%), 147
PyEval_AcquireThread(), 144
PyEval_EvalCode (C &%), 18
PyEval_EvalCodeEx (C &%), 18
PyEval_EvalFrame (C F#%), 18

262

#5l



The Python/C API, %% 3.9.1

PyEval_EvalFrameEx (C &%), 18
PyEval_GetBuiltins (C &), 52
PyEval_GetFrame (C &), 52
PyEval_GetFuncDesc (C %%%), 52
PyEval_GetFuncName (C %#%), 52
PyEval_GetGlobals (C &%), 52
PyEval_GetLocals (C FH#k), 52
PyEval_InitThreads (C %), 144
PyEval_InitThreads (), 138
PyEval_MergeCompilerFlags (C &%), 19
PyEval_ReleaseLock (C FH#k), 148
PyEval_ReleaseThread (C H4%), 148
PyEval_ReleaseThread (), 144
PyEval_RestoreThread (C %), 144
PyEval_RestoreThread (), 142, 144
PyEval_SaveThread (C &##%), 144
PyEval_SaveThread (), 142, 144
PyEval_SetProfile (C &), 151
PyEval_SetTrace (C FH#), 151
PyEval_ThreadsInitialized (C &%), 144
PyExc_ArithmeticError, 32
PyExc_AssertionError, 32
PyExc_AttributeError, 32
PyExc_BaseException, 32
PyExc_BlockingIOError, 32
PyExc_BrokenPipeError, 32
PyExc_BufferError, 32
PyExc_BytesWarning, 33
PyExc_ChildProcessError, 32
PyExc_ConnectionAbortedError, 32
PyExc_ConnectionError, 32
PyExc_ConnectionRefusedError, 32
PyExc_ConnectionResetError, 32
PyExc_DeprecationWarning, 33
PyExc_EnvironmentError, 33
PyExc_EOFError, 32
PyExc_Exception, 32
PyExc_FileExistsError, 32
PyExc_FileNotFoundError, 32
PyExc_FloatingPointError, 32
PyExc_FutureWarning, 33
PyExc_GeneratorExit, 32
PyExc_ImportError, 32
PyExc_ImportWarning, 33
PyExc_IndentationError, 32
PyExc_IndexError, 32
PyExc_InterruptedError, 32
PyExc_IOError, 33
PyExc_IsADirectoryError, 32
PyExc_KeyboardInterrupt, 32
PyExc_KeyError, 32
PyExc_LookupError, 32
PyExc_MemoryError, 32
PyExc_ModuleNotFoundError, 32
PyExc_NameError, 32
PyExc_NotADirectoryError, 32
PyExc_NotImplementedError, 32
PyExc_OSError, 32

PyExc_OverflowError, 32
PyExc_PendingDeprecationWarning, 33
PyExc_PermissionError, 32
PyExc_ProcessLookupError, 32
PyExc_RecursionError, 32
PyExc_ReferenceError, 32
PyExc_ResourceWarning, 33
PyExc_RuntimeError, 32
PyExc_RuntimeWarning, 33
PyExc_StopAsyncIteration, 32
PyExc_StopIteration, 32
PyExc_SyntaxError, 32
PyExc_SyntaxWarning, 33
PyExc_SystemError, 32
PyExc_SystemExit, 32
PyExc_TabError, 32
PyExc_TimeoutError, 32
PyExc_TypeError, 32
PyExc_UnboundLocalError, 32
PyExc_UnicodeDecodeError, 32
PyExc_UnicodeEncodeError, 32
PyExc_UnicodeError, 32
PyExc_UnicodeTranslateError, 32
PyExc_UnicodeWarning, 33
PyExc_UserWarning, 33
PyExc_ValueError, 32
PyExc_Warning, 33
PyExc_WindowsError, 33
PyExc_ZeroDivisionError, 32
PyException_GetCause (C k), 29
PyException_GetContext (C &%), 29
PyException_GetTraceback (C FH4%), 29
PyException_SetCause (C #4%), 29
PyException_SetContext (C &%), 29
PyException_SetTraceback (C F#%), 29
PyFile_FromFd (C &%), 116
PyFile_GetLine (C %), 117
PyFile_SetOpenCodeHook (C #4%), 117
PyFile_WriteObject (C &%), 117
PyFile_WriteString (C &%), 117
PyFloat_AS_DOUBLE (C #3%), 84
PyFloat_AsDouble (C F#k), 84
PyFloat_Check (C H#4%), 84
PyFloat_CheckExact (C FH4%), 84
PyFloat_FromDouble (C F#%), 84
PyFloat_FromString (C H#%), 84
PyFloat_GetInfo (C &), 84
PyFloat_GetMax (C #4%), 84
PyFloat_GetMin (C k), 84
PyFloat_Type (C & &), 84
PyFloatObject (C £7#), 84
PyFrame_GetBack (C &%), 52
PyFrame_GetCode (C &), 52
PyFrame_GetLineNumber (C &%), 52
PyFrameObject (C %), 18
PyFrozenSet_Check (C &#), 112
PyFrozenSet_CheckExact (C FH%k), 112
PyFrozenSet_New (C &%), 113
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PyFrozenSet_Type (C £ &), 112
PyFunction_Check (C &), 113
PyFunction_GetAnnotations (C &%), 114
PyFunction_GetClosure (C k), 114
PyFunction_GetCode (C %), 114
PyFunction_GetDefaults (C FH#k), 114
PyFunction_GetGlobals (C &%), 114
PyFunction_GetModule (C &%), 114
PyFunction_New (C %), 113
PyFunction_ NewWithQualName (C F#%), 114
PyFunction_SetAnnotations (C &%), 114
PyFunction_SetClosure (C &), 114
PyFunction_SetDefaults (C ##k), 114
PyFunction_Type (C &%), 113
PyFunctionObject (C &), 113
PyGen_Check (C %), 128
PyGen_CheckExact (C #4%), 128
PyGen_New (C &%), 128
PyGen_NewWithQualName (C F%k), 128
PyGen_Type (C T %), 128
PyGenObject (C £#), 128
PyGetSetDef (C £#), 184
PyGILState_Check (C k), 145
PyGILState_Ensure (C &%), 144
PyGILState_GetThisThreadState (C & £%),
145
PyGILState_Release (C H%%), 145
PyImport_AddModule (C #4%), 41
PyImport_AddModuleObiject (C Hk), 40
PyImport_AppendInittab (C F#g), 42
PyImport_ExecCodeModule (C %), 41
PyImport_ExecCodeModuleEx (C &%), 41
PyImport_ExecCodeModuleObject (C & £),
41
PyImport_ExecCodeModuleWithPathnames
(C &3), 41
PyImport_ExtendInittab (C &), 43
PyImport_FrozenModules (C T &), 42
PyImport_GetImporter (C k), 42
PyImport_GetMagicNumber (C F#k), 41
PyImport_GetMagicTag (C &%), 42
PyImport_GetModule (C &), 42
PyImport_GetModuleDict (C H4%), 42
PyImport_Import (C &), 40
PyImport_ImportFrozenModule (C F#), 42
PyImport_ImportFrozenModuleObject (C &
%), 42
PyImport_ImportModule (C FH4%), 40
PyImport_ImportModuleEx (C &H#), 40
PyImport_ImportModuleLevel (C &4%), 40
PyImport_ImportModuleLevelObject (C &
£%), 40
PyImport_ImportModuleNoBlock (C %), 40
PyImport_ReloadModule (C &%), 40
PyIndex_Check (C F#k), 66
PyInstanceMethod_Check (C &%), 114
PyInstanceMethod_Function (C &%#%), 114

PyInstanceMethod_ GET_FUNCTION (C & %),
114
PyInstanceMethod_New (C &%), 114
PyInstanceMethod_Type (C %), 114
PyInterpreterState (C £ %), 144
PyInterpreterState_Clear (C H4%), 146
PyInterpreterState_Delete (C &%), 146
PyInterpreterState_Get (C &%), 146
PyInterpreterState_GetDict (C &), 147
PyInterpreterState_GetID (C %), 147
PyInterpreterState_Head (C &%), 152
PyInterpreterState_Main (C &%), 152
PyInterpreterState_New (C &), 146
PyInterpreterState_Next (C &%), 152
PyInterpreterState_ThreadHead (C & %),
152
PyIter_Check (C FHk), 68
PyTter_Next (C &%), 68
PyList_Append (C &%), 109
PyList_AsTuple (C &%), 109
PyList_Check (C &%), 108
PyList_CheckExact (C &), 108
PyList_GET_ITEM (C F&#k), 109
PyList_GET_SIZE (C &%), 109
PyList_GetTItem (C &%), 109
PyList_GetItem(),8
PyList_GetSlice (C &%), 109
PyList_Insert (C H4%), 109
PyList_New (C &%), 109
PyList_Reverse (C &), 109
PyList_SET_ITEM (C k), 109
PyList_SetItem (C &%), 109
PyList_SetItem(),7
PyList_SetSlice (C &%), 109
PyList_Size (C &%), 109
PyList_Sort (C &), 109
PyList_Type (C T &), 108
PyListObject (C £), 108
PyLong_AsDouble (C F#), 83
PyLong_AsLong (C #%%), 81
PyLong_AsLongAndOverflow (C & k), 81
PyLong_AsLongLong (C &%), 82
PyLong_AsLongLongAndOverflow (C F4%), 82
PyLong_AsSize_t (C &%), 82
PyLong_AsSsize_t (C &%), 82
PyLong_AsUnsignedLong (C F&%%k), 82
PyLong_AsUnsignedLongLong (C &%), 82
PyLong_AsUnsignedLongLongMask (C & %),
83
PyLong_AsUnsignedLongMask (C ##g), 82
PyLong_AsVoidPtr (C &%), 83
PyLong_Check (C &), 80
PyLong_CheckExact (C & 4k), 80
PyLong_FromDouble (C & #%), 81
PyLong_FromLong (C & 4%), 80
PyLong_FromLongLong (C &%), 81
PyLong_FromSize_t (C &%), 81
PyLong_FromSsize_t (C FH4%), 81
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PyLong_FromString (C &%), 81
PyLong_FromUnicode (C &4%), 81
PyLong_FromUnicodeObject (C H#), 81
PyLong_FromUnsignedLong (C %), 81
PyLong_FromUnsignedLongLong (C ##%), 81
PyLong_FromVoidPtr (C FH4%), 81
PyLong_Type (C & &), 80
PyLongObject (C £#), 80
PyMapping_Check (C &4%), 67
PyMapping_DelItem (C &%), 68
PyMapping_DelItemString (C &%), 68
PyMapping_GetItemString (C &%), 67
PyMapping_HasKey (C &%), 68
PyMapping_HasKeyString (C $4%), 68
PyMapping_TItems (C &%), 68
PyMapping_Keys (C F %), 68
PyMapping_Length (C F4%), 67
PyMapping_SetItemString (C &%), 67
PyMapping_Size (C &%), 67
PyMapping_Values (C ##k), 68
PyMappingMethods (C £#), 210
PyMappingMethods.mp_ass_subscript (C s,
7)), 210
PyMappingMethods.mp_length (C & 1), 210
PyMappingMethods.mp_subscript (C & i),
210
PyMarshal_ReadLastObjectFromFile (C &
£), 43
PyMarshal_ReadLongFromFile (C &%), 43
PyMarshal_ReadObjectFromFile (C &#k), 43
PyMarshal ReadObjectFromString (C #%%),
43
PyMarshal_ReadShortFromFile (C &%), 43
PyMarshal_WriteLongToFile (C &%), 43
PyMarshal_WriteObjectToFile (C &%), 43
PyMarshal_WriteObjectToString (C & %),
43
PyMem_Calloc (C #4%), 173
PyMem_Del (C &%), 173
PYMEM_DOMAIN_MEM (C 7"::), 175
PYMEM_DOMAIN_OBJ (C &), 175
PYMEM_DOMAIN_RAW (C frZ), 175
PyMem_Free (C &%), 173
PyMem_GetAllocator (C FH#k), 175
PyMem_Malloc (C &%), 172
PyMem_New (C F4%), 173
PyMem_RawCalloc (C &%), 172
PyMem_RawFree (C 4%), 172
PyMem_RawMalloc (C &%), 172
PyMem_RawRealloc (C &%), 172
PyMem_Realloc (C ##k), 173
PyMem_Resize (C F#k), 173
PyMem_SetAllocator (C &%), 175
PyMem_SetupDebugHooks (C &#k), 176
PyMemAllocatorDomain (C &), 175
PyMemAllocatorEx (C %), 175
PyMemberDef (C (%), 183
PyMemoryView_Check (C &%), 126

PyMemoryView_FromBuffer (C &%), 125
PyMemoryView_FromMemory (C &#), 125
PyMemoryView_FromObject (C &), 125
PyMemoryView_GET_BASE (C &%), 126
PyMemoryView_GET_BUFFER (C &%), 126
PyMemoryView_GetContiguous (C &4%), 126
PyMethod_Check (C &%), 115
PyMethod_Function (C &%), 115
PyMethod_GET_FUNCTION (C &%), 115
PyMethod_GET_SELF (C &%), 115
PyMethod_New (C % 4%), 115
PyMethod_Self (C &%), 115
PyMethod_Type (C £ %), 115
PyMethodDef (C £#), 182
PyModule_AddFunctions (C &#%), 121
PyModule_AddIntConstant (C &%), 122
PyModule_AddIntMacro (C &), 122
PyModule_AddObject (C &%), 122
PyModule_AddStringConstant (C &), 122
PyModule_AddStringMacro (C &#%), 122
PyModule_AddType (C &%), 122
PyModule_Check (C & 4%), 117
PyModule_CheckExact (C &%), 117
PyModule_Create (C &%), 119
PyModule_Create2 (C &%), 119
PyModule_ExecDef (C FH#k), 121
PyModule_FromDefAndSpec (C &), 121
PyModule_FromDefAndSpec?2 (C H4%), 121
PyModule_GetDef (C k), 118
PyModule_GetDict (C &%), 117
PyModule_GetFilename (C &%), 118
PyModule_GetFilenameObject (C F#k), 118
PyModule_GetName (C % 4%), 118
PyModule_GetNameObject (C FH%k), 118
PyModule_GetState (C &4k), 118
PyModule_New (C &%), 117
PyModule_NewObject (C &%), 117
PyModule_SetDocString (C &%), 121
PyModule_Type (C & &), 117
PyModuleDef (C £ %), 118
PyModuleDef_Init (C &), 120
PyModuleDef_Slot (C £7), 120
PyModuleDef_Slot.slot (C & R), 120
PyModuleDef_Slot.value (C & %), 120
PyModuleDef.m_base (C & i), 118
PyModuleDef.m_clear (C s i), 119
PyModuleDef .m_doc (C i R ), 118
PyModuleDef.m_free (C i ), 119
PyModuleDef.m_methods (C A& i), 119
PyModuleDef.m_name (C & i), 118
PyModuleDef.m_reload (C & i), 119
PyModuleDef.m_size (C A& i), 118
PyModuleDef.m_slots (C A& i), 119
PyModuleDef.m_traverse (Cr. ), 119
PyNumber_Absolute (C F#k), 64
PyNumber_Add (C H#%), 63
PyNumber_And (C k), 64

PyNumber_ AsSsize_t (C &%), 65

gL ]

265



The Python/C API, %% 3.9.1

PyNumber_Check (C %), 63
PyNumber_Divmod (C & 4%), 64
PyNumber_Float (C &%), 65
PyNumber_FloorDivide (C %), 63
PyNumber_TIndex (C &%%), 65
PyNumber_InPlaceAdd (C &%), 64
PyNumber_InPlaceAnd (C &#), 65
PyNumber_InPlaceFloorDivide (C &%), 65
PyNumber_InPlaceLshift (C &%), 65
PyNumber_InPlaceMatrixMultiply (C &%),
64
PyNumber_InPlaceMultiply (C %4%), 64
PyNumber_InPlaceOr (C &%%), 65
PyNumber_InPlacePower (C FH4%k), 65
PyNumber_InPlaceRemainder (C &%), 65
PyNumber_ InPlaceRshift (C FH4k), 65
PyNumber_InPlaceSubtract (C #4%), 64
PyNumber_InPlaceTrueDivide (C FH#k), 65
PyNumber_InPlaceXor (C &%), 65
PyNumber_Invert (C &%), 64
PyNumber_Long (C &%%), 65
PyNumber_Lshift (C &%), 64
PyNumber_ MatrixMultiply (C &3), 63
PyNumber_Multiply (C &#), 63
PyNumber_Negative (C &%), 64
PyNumber_Or (C %%k), 64
PyNumber_Positive (C &%), 64
PyNumber_Power (C &%), 64
PyNumber_Remainder (C %), 64
PyNumber_Rshift (C &%), 64
PyNumber_Subtract (C &%), 63
PyNumber_ToBase (C &%), 65
PyNumber_TrueDivide (C &%), 64
PyNumber_Xor (C &%), 64
PyNumberMethods (C £7), 208
PyNumberMethods.nb_absolute (C s i ), 209

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
), 210
PyNumberMethods
PyNumberMethods
209
PyNumberMethods
210

.nb_add (C & i), 209
.nb_and (C 5 i), 209
.nb_bool (C m, i), 209
.nb_divmod (C & it ), 209
.nb_float (C & i), 209
.nb_floor_divide (C &

.nb_index (C A&, i), 210
.nb_inplace_add (C m& i),

.nb_inplace_and (C & ),

PyNumberMethods.nb_inplace_power (C X
), 209
PyNumberMethods.nb_inplace_remainder
(C B ), 209
PyNumberMethods.nb_inplace_rshift (C &
), 210
PyNumberMethods.nb_inplace_subtract (C
AR ), 209
PyNumberMethods.nb_inplace_true_divide
(C A 3), 210
PyNumberMethods.nb_inplace_xor (C & i),
210
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
A, 210
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
209
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
210
PyNumberMethods .nb_xor (C s i ), 209
PyObject (C £A), 180
PyObject_AsCharBuffer (C H4%), 75
PyObject_ASCII (C FH#k), 57
PyObject_AsFileDescriptor (C %), 116
PyObject_AsReadBuffer (C &%), 75
PyObject_AsWriteBuffer (C FH#), 75
PyObject_Bytes (C H%k), 57
PyObject_Call (C &%), 61
PyObject_CallFunction (C &), 61
PyObject_CallFunctionObjArgs (C k), 62
PyObject_CallMethod (C &%), 62
PyObject_CallMethodNoArgs (C &#%), 62
PyObject_CallMethodObjArgs (C F4%), 62
PyObject_CallMethodOneArqg (C H#%), 62
PyObject_CallNoArgs (C %), 61
PyObject_CallObject (C &%), 61
PyObject_Calloc (C &%), 174
PyObject_CallOneArg (C &%), 61

.nb_int (C A& R), 209
.nb_invert (C & i), 209
.nb_1lshift (C A& i), 209
.nb_matrix_multiply (C

.nb_multiply (C & i), 209
.nb_negative (C & 1), 209
.nb_or (C %), 209
.nb_positive (C & i), 209
.nb_power (C 5 ), 209
.nb_remainder (C & R),

.nb_reserved (C & R ), 209
.nb_rshift (C & i), 209

.nb_subtract (C & R), 209
.nb_true_divide (C m& i),

PyNumberMethods.nb_inplace_floor_divideyObject_CheckBuffer (C &%), 74
(C A1), 210
PyNumberMethods.nb_inplace_lshift (Cr PyObject_Del (C FH4k), 179

i), 210

PyObject_CheckReadBuffer (C FHk), 75

PyObject_DelAttr (C &%), 56

PyNumberMethods.nb_inplace_matrix_multifBiGbject_DelAttrString (C H4%), 56
(C A1), 210

PyNumberMethods.nb_inplace_multiply (C

), 209

PyNumberMethods.nb_inplace_or (C & R),

210

PyObject_DelItem (C k), 58
PyObject_Dir (C F k), 58
PyObject_Free (C H%k), 174
PyObject_GC_Del (C &%), 217
PyObject_GC_IsFinalized (C &%), 217
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PyObject_GC_IsTracked (C &%), 217
PyObject_GC_New (C k), 216
PyObject_GC_NewVar (C &%), 216
PyObject_GC_Resize (C F#%), 216
PyObject_GC_Track (C &), 217
PyObject_GC_UnTrack (C &), 217
PyObject_GenericGetAttr (C &%), 56
PyObject_GenericGetDict (C &), 56
PyObject_GenericSetAttr (C %), 56
PyObject_GenericSetDict (C &%), 56
PyObject_GetArenaAllocator (C &%), 177
PyObject_GetAttr (C FH#%), 55
PyObject_GetAttrString (C &%), 56
PyObject_GetBuffer (C &), 74
PyObject_GetItem (C F3%), 58
PyObject_GetIter (C F#k), 58
PyObject_HasAttr (C FH#%), 55
PyObject_HasAttrString (C &4%), 55
PyObject_Hash (C &#k), 57
PyObject_HashNotImplemented (C k), 57
PyObject_HEAD (C %), 180
PyObject_HEAD_INIT (C %), 181
PyObject_Init (C &k), 179
PyObject_InitVar (C &%), 179
PyObject_IS_GC (C &%), 217
PyObject_IsInstance (C &%%), 57
PyObject_IsSubclass (C &#), 57
PyObject_IsTrue (C FH4%), 58
PyObject_Length (C &%), 58
PyObject_LengthHint (C &%), 58
PyObject_Malloc (C &%), 174
PyObject_New (C F#k), 179
PyObject_NewVar (C & #%), 179
PyObject_Not (C &), 58
PyObject._ob_next (C & 1), 191
PyObject._ob_prev (C & R), 191
PyObject_Print (C &%), 55
PyObject_Realloc (C &%), 174
PyObject_Repr (C H#k), 57
PyObject_RichCompare (C &%), 56
PyObject_RichCompareBool (C k), 56
PyObject_SetArenaAllocator (C &), 177
PyObject_SetAttr (C &), 56
PyObject_SetAttrString (C &%), 56
PyObject_SetItem (C F#k), 58
PyObject_Size (C Hk), 58
PyObject_Str (C &), 57
PyObject_Type (C H4%), 58
PyObject_TypeCheck (C FH#%), 58
PyObject_VAR_HEAD (C %), 180
PyObject_Vectorcall (C &), 62
PyObject_VectorcallDict (C &%), 62
PyObject_VectorcallMethod (C &%), 63
PyObjectArenaAllocator (C £ &), 177
PyObiject.ob_refcnt (C i), 191
PyObject.ob_type (C & i), 191
PyOS_AfterFork (C &4%), 36
PyOS_AfterFork_Child (C &%), 36

PyOS_AfterFork_Parent (C &), 35
PyOS_BeforeFork (C &%), 35
PyOS_CheckStack (C &), 36
PyOS_double_to_string (C FH#), 51
PyOS_FSPath (C H#k), 35
PyOS_getsig (C &%), 36
PyOS_InputHook (C &%), 16
PyOS_ReadlineFunctionPointer (C £ &), 16
PyOS_setsig (C &), 36
PyOS_snprintf (C H4%), 51
PyOS_stricmp (C FHk), 52
PyOS_string_to_double (C &%), 51
PyOS_strnicmp (C &%), 52
PyOS_vsnprintf (C FH#), 51
PyParser_SimpleParseFile (C &%), 17
PyParser_SimpleParseFileFlags (C & #%),
17
PyParser_SimpleParseString (C FHk), 17
PyParser_SimpleParseStringFlags (C &
), 17
PyParser_SimpleParseStringFlagsFilename
(C HE), 17
PyPreConfig (C (%), 158
PyPreConfig_InitIsolatedConfig (C &%),
158
PyPreConfig_InitPythonConfig (C & %),
158
PyPreConfig.allocator (C A& i), 158
PyPreConfig.coerce_c_locale (C i i), 158
PyPreConfig.coerce_c_locale_warn (C A
R), 158
PyPreConfig.configure_locale (C & R),
158
PyPreConfig.dev_mode (C & i), 158
PyPreConfig.isolated (C & i), 158
PyPreConfig.legacy_windows_fs_encoding
(C R R), 159
PyPreConfig.parse_argv (Cr. ), 159
PyPreConfig.use_environment (C s i), 159
PyPreConfig.utf8_mode (C & i), 159
PyProperty_Type (C E &), 124
PyRun_AnyFile (C H4%), 15
PyRun_AnyFileEx (C &%), 15
PyRun_AnyFileExFlags (C &%), 15
PyRun_AnyFileFlags (C &%), 15
PyRun_File (C &%), 17
PyRun_FileEx (C &%), 17
PyRun_FileExFlags (C &%), 18
PyRun_FileFlags (C &%), 17
PyRun_InteractiveLoop (C k), 16
PyRun_InteractiveLoopFlags (C &), 16
PyRun_InteractiveOne (C %), 16
PyRun_InteractiveOneFlags (C &%), 16
PyRun_SimpleFile (C FH4%), 16
PyRun_SimpleFileEx (C H4), 16
PyRun_SimpleFileExFlags (C &4%), 16
PyRun_SimpleString (C #%%), 16
PyRun_SimpleStringFlags (C &%), 16
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PyRun_String (C &%), 17
PyRun_StringFlags (C &%), 17
PySeqIter_Check (C &%), 123
PySeqlter_New (C F#k), 123
PySeqlter_Type (C &%), 123
PySequence_Check (C H4%), 66
PySequence_Concat (C &%), 66
PySequence_Contains (C &%), 66
PySequence_Count (C &%), 66
PySequence_DelItem (C &%), 66
PySequence_DelSlice (C &), 66
PySequence_Fast (C #4%), 67
PySequence_Fast_GET_ITEM (C %), 67
PySequence_Fast_GET_SIZE (C &%), 67
PySequence_Fast_ITEMS (C %), 67
PySequence_GetItem (C &%), 66
PySequence_GetItem(), 8
PySequence_GetSlice (C &%), 66
PySequence_Index (C &%), 67
PySequence_InPlaceConcat (C &), 66
PySequence_InPlaceRepeat (C FH4%), 66
PySequence_ITEM (C FH4%), 67
PySequence_Length (C &%), 66
PySequence_List (C &%), 67
PySequence_Repeat (C &), 66
PySequence_SetItem (C F%), 66
PySequence_SetSlice (C &), 66
PySequence_Size (C &), 66
PySequence_Tuple (C &%), 67
PySequenceMethods (C £#&), 210
PySequenceMethods.sqg_ass_item (C & i),
211
PySequenceMethods.sq _concat (C & i), 210
PySequenceMethods.sq_contains (C & i),
211
PySequenceMethods.
AR, 211
PySequenceMethods.
AR, 211
PySequenceMethods.sq_item (C m& i), 210
PySequenceMethods.sqg_length (C s i), 210
PySequenceMethods.sq_repeat (C s i), 210
PySet_Add (C F k), 113
PySet_Check (C &%), 112
PySet_Clear (C k), 113
PySet_Contains (C &), 113
PySet_Discard (C &), 113
PySet_GET_SIZE (C &%), 113
PySet_New (C &), 112
PySet_Pop (C &%), 113
PySet_Size (C &), 113
PySet_Type (C %), 112
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PYTHONMALLOC, 172, 174, 176
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PyThread_delete_key_value (C &%), 154
PyThread_get_key_value (C &), 153
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PyWeakref_GetObject (C &), 126
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repr
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stdin stdout, 139
search

path, module, 11, 138, 140
sequence

X, 86
sequence —— JF7,230
set

T4, 112
set comprehension —-- #4358, 230
set_all(),8
setattrfunc (C %(#), 213
setattrofunc (C (&), 213
setswitchinterval () (in module sys), 142
SIGINT, 28
signal

Ik, 28
single dispatch —— B4k, 230
SIZE_MAX, 82
slice —- #] K, 230
special

method, 230
special method -- ##HF i, 230
ssizeargfunc (C £&), 214
ssizeobjargproc (C (&), 214
statement -- &4, 230
staticmethod
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stderr (in module sys), 148
stdin

stdout sdterr, 139
stdin (in module sys), 148
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stdout (in module sys), 148
strerror (), 24
string
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sum_list (), 8
sum_sequence (), 9, 10
sys
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230
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type
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type —— %A, 231
type alias —- (A 74, 231
type hint -- AR, 231

U

ULONG_MAX, 82
unaryfunc (C %(®), 214
universal newlines —— i JH#4T, 231

\Y

variable annotation -- T EF#, 231
EE &%
__import
abs, 64
ascii, 57
bytes, 57
classmethod, 183
compile, 41
divmod, 64
float, 65
hash, 57, 195
int, 65
len, 58, 66, 67,109, 111, 113
pow, 64, 65
repr, 57, 194
staticmethod, 183
tuple, 67,110
type, 58
vectorcallfunc (C (&), 59
version (in module sys), 140, 141
virtual environment -- JEHIFIE, 231
virtual machine —- JE#AHL, 231
visitproc (C (7)), 217
xR
bytearray, 87
bytes, 86
Capsule, 127
complex number, 84
dictionary, 110
file, 116
floating point, 84
frozenset, 112
function, 113
instancemethod, 114
integer, 80
list, 108
long integer, 80
mapping, 110
memoryview, 125
method, 115
module, 117
None, 80
numeric, 80
sequence, 86
set, 112
tuple, 106
type, 6,77
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_

W
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__ main__, 11,138,148
_thread, 144
builtins, 11, 138, 148
signal, 28

sys, 11,138, 148
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