The Python/C API
%75 3.10.0a0

Guido van Rossum
and the Python development team

+ A 05, 2020

Python Software Foundation
Email: docs@python.org






Contents

1 Wk 3
L1 AREARIE © . 3

L2 AETSCHE e 3

13 BRI .« o e e 4

L4 X%, BRABIHTE . . . o 6
LA BIUFTEL .« . 6

R 9

I T = 9

1.6 HRAPYthOn . . . . . e 11

L7 UHATEE . . e e 12

2 R RS kR 0 13
3 The Very High Level Layer 15
4 BN 21
5 SeiRabE 23
5.1 Printingand clearing . . . . . . . . L. e e e e e e e 24

52 HHH BB . e 24

5.3 ISSUINZ WAIMINGS .« « 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 e e e 26

5.4  Querying the error indicator . . . . . . . . . L. e e e e e e e e e e 27

5.5 SignalHandling . . . . . . . . . L e e e e e 29

5.6 Exception Classes . . . . . . . . . ... e e 29

5.7 Exception Objects . . . . . . . . . e e e 30

5.8 Unicode Exception Objects . . . . . . . . . v i v v it e e e e e e e e e e e 30

59 BBIFFEH] . . 32
500 BRUESEHS . o 32
501 FRUEEEEZEGN . o 34

6 T.H 35
6.1 FERBILHTRT . o o o e 35
6.2  RBINEE . . . e 38

6.3  HRREER] . . e 39

6.4 AR L e 40

6.5 Bt marshal BEESZH: . . o e 43

6.6 IEAIREIASEINE . e 44




6.6.1  RITSEL . . o 44

6.6.2  BIERASE: . . 50
6.7  FREREEAEIEAL L 51
6.8 It 53
6.9 GRRLZSEMFS STERFINRE . . . 53
6.9.1 Codec XK APL . . . . . . . 54
6.9.2 T Unicode A5 BRI FIIEMZE APL . . . 54
g% )2 57
T4 R . 57
T2 WERUTISL . e e 61
721 wpcall ML . . L 61
7.2.2  The Vectorcall Protocol . . . . . . . . . . . e e e e 61
723 Object Calling API . . . . . . .t 63
7.2.4  Call Support APT . . . . . . . e 65
T3 BEFWML . o 66
T4 PN . o e 68
7.5 BREFEMY . .o e 70
7.6 IEACHFEIL . 71
T GERTIL . 71
TA1 ERIRGER . 72
7.7.2  Bufferrequesttypes . . . . . . . oo e e e e e e e e e e e e 74
773 B ... e 76
774 GERIRAHEEEED . . . 77
JER NP 79
8.1 FEAKIG . 79
8.1 Type X . o o o 79
8.1.2  None X . . . o 82
8.2  BUELNIZL . . 83
821  EEBAINIG . . 83
822  FHIRMTEE o o 86
823  TFEBUNZ . . 86
824  HEUTE . . 87
83  JEHUNTER . . 88
83.1 TR . 88
832  FHTERANIGL . . . e 90
8.3.3  Unicode Objectsand Codecs . . . . . . . . . .. ... i 91
83.4  JLAHNTZ . . . 110
8.3.5 Struct Sequence Objects . . . . . . . . .. e e e 111
83.6  FUFRTE .« . 112
8.4  ZREENIG . 113
8.4.1  FHINTE . 113
842  AEATTE . 116
8.5  HRBUMGE . . 117
8.5.1  BREUTE . . 117
8.5.2  SIFIEENIZ .o 118
8.5.3  VERTZ . o 119
8.5.4  Cell M4 . o 119
8.5.5  ARHINTZ . . . 120
8.6  HANTZ . . . e 120
8.6.1  HERTE . 120
8.6.2  BIHLIG . .. 121
8.6.3  IEMBUNTE . . 127




8.6.4
8.6.5
8.6.6
8.6.7
8.6.8
8.6.9
8.6.10
8.6.11
8.6.12
8.6.13
8.6.14

R e
YIRS e
EIIpsis MF42 . . o o o
MemoryView ST . . . . . . e
BHOIHRTE
Capsule XT . . o o e e
AR AT e
PRI
BRSO RERIG e
DateTime J . . . . o o
Decimal capsule API . . . . . . . . e

9 Initialization, Finalization, and Threads

TE Python BT ZHT « o v o e o e e e
EIHECEAER . .
Initializing and finalizing the interpreter . . . . . . . . . . .. ... e
Process-wide parameters . . . . . . . . .o L e e e e e e e e e e e e e e e
Thread State and the Global Interpreter Lock . . . . . . . .. ... ... ... ... ... .

9.1
9.2
9.3
9.4
9.5

9.6

9.7
9.8
9.9
9.10

9.5.1
9.5.2
9.53
9.54
9.5.5

Releasing the GIL from extensioncode . . . . . . . . . .. .. .. o e
JE Python BZERIZREE . . . . o e
Cautions about fork() . . . . . . . . . e
B APL L
Low-level AP . . . . . . . . e

Sub-interpreter SUPPOTL . . . v v v v v o e 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

BESVRIASRAL

SSEH .
HTRIERES . o o e

[ TE 7 -
Thread Local Storage Support . . . . . . . . . .. L e

9.10.1
9.10.2

Thread Specific Storage (TSS) APT . . . . . . . . .. . .
Thread Local Storage (TLS) APT . . . . . . . . . .

10 Python #)kifbilic
PyWideStringllist . . . . . . . . oL e

11

10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9

11.1
11.2
11.3
11.4
11.5
11.6
11.7

PyStatus

PyPreConfig . . . . . . . . e e e e e e e e
Preinitialization with PyPreConfig . . . . . . . . . . .. . . L
PyConfig . . . . . . . e e
Initialization with PyConfig . . . . . . . . . . . . . o
Isolated Configuration . . . . . . . . . . . L e e e
Python Configuration . . . . . . . . . . . o o e e e e e e e e e e e e e
e
10.10 Py_RunMain() . . . . . . . . o e e e e e e e e e e e e
10.11 Py_GetArgcArgv() . . . . o o o i e e e e e e e e e e e e
10.12 Multi-Phase Initialization Private Provisional APT . . . . . . . ... ... ... ... ... ... ...

AR AL

ik

JEIANFEEE LD .« o e e
IEERETT © o
KBTS o o o o e e e e e
N A I 2 L -7
8 =R A I 2
pymalloc Z3 Bl s . . o e e e e e




12

13

11.7.1  HEX pymalloc Arena 73 HLES - - - o o o 0 o e e
11.8 tracemalloc CAPI . . . . . . . . .
L9 TRBI
RIS
12,1 ZEREPAMTERTE © o e
122 Common Object Structures . . . . . . . . . . . ottt i e e e e e e e e
12.2.1 Base object types and MaCTOS . . . . .+« v v v v b e e e e e e e e e e e e e e e
12.2.2 Implementing functions and methods . . . . . . . . . . ... ... oL,
12.2.3  Accessing attributes of extension types . . . . . . ... ... e e e
123 Type X o o e
1231 RIEESE . .
12.3.2 PyTypeObject Definition . . . . . . . . . . ... e
12.3.3 PyObject SIots . . . . . . o o o e e e e e e e e e e
12.3.4 PyVarObject SIots . . . . . . . o o e e e e
12.3.5 PyTypeObject SIOts . . . . . o v v i e e e e e e e e e e e e e e e e e
12.3.6  Heap TYPES . . o o v v o e e e e e e e e e e e e e e e e e e e e e e e e e
12.4 Number Object StrUCtUIeS . . . . . . . .« o i vttt e ettt e e e e e e e
12.5 Mapping Object Structures . . . . . . . . . v v v i it e e e e e e e e e e e e e e e e
12.6 Sequence Object StrUCTUIES . . . . . . . . ot i vt e e e e e e e e e e
12.7 Buffer Object Structures . . . . . . . o v v i o e e e e e e e e e e e e e e e e e e
12.8 Async Object Structures . . . . . . . v i v e e e e e e e e e e e e e e e e e
12.9 Slot Type typedefs . . . . . . . 0 e e e e e e
1210 Bl o
1201 R B S EEFR AR I . . o o e
APT 1 ABI g A 501
ENTEROHIES
SCPBE]
B.1  Python SCRYTIRRE . . . . o o e
D LRI Rl E
C.l O REIERIIT ©
C2  FHEGAFHA T Python BUSERAISAE - . o o
C.2.1 T PYTHON 3.10.0a0 ) PSF 4RI . o o o o o e e e e s
C.2.2  JF PYTHON 2.0 i) BEOPEN.COM ¥FRI M . . . o o o o o e e
C23 T PYTHON 1.6.1 i) CNRI R PML « o o o o o e e e e e e
C24 JfFPYTHONO09.0 £ 128 CWILFRIPMYL . . . o . o o .
C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.0a0 DOCUMENTA-
TION . . e
C3  BCRIOFRFATE SIS . . .o
C3.1 Mersenne TWIStEr . . . . . . . . . . . o it e e e e
C32  EET e
C33 FEEEFIRE . . o e
C3.4 Cookie BFHE . . . . . e
C35 PUTIBEE - o
C.3.6 UUencode 5 UUdecode PFREL . . -« « v v v v v o e e e e e e s s s s
C3.7 XMLmEFESFEIET . . . o o e
C3.8 test_epoll . . . . . .. e e
C.3.9  Selectkqueue . . . . . . . . e e e e e e e e
C3.10 SipHash24 . . . . . . . e e
C3.11 strtod il dtoa . . . . . . . . .
C3.12 OpenSSL . . . . e




D AL
=5l

C3.13
C3.14
C3.15
C3.16
C3.17
C3.18

BXPAL o v o e e e e e e e e e e e e e e e e e e e e e e e e e e e e 260
b . . o e 261
ZID e e 261
cfuhash . . . . . . e 262
libmpdec . . . . . . e 262
W3C CHNMRRELE . . 263

265

267




Vi



The Python/C API, %% 3.10.0a0

AT IR T A B S TR Python MRRESHIA LB FEF Y C Al C++ FE/F ST Y APL. [] i}
A PAZ: 7 extending-index , A T g H I —BUEN, (HEATEANEIE APT K%L

Contents 1



The Python/C API, %% 3.10.0a0

2 Contents



CHAPTER 1

Python [ i e 11 (APL) fiif5 C Al C++ F2fy R AT ATEZ A2 L F 151 Python f# s . % APLTE C++
HEFERT AL, RN TR LA, B HRFHAR Python/C APL. i ] Python/C APL A7 PN EEARHY PR o 58—~
HURN THEE IS &7 Rk BN B Python MEREARDIAEN C L. X n] B fiei W BT 37 5
55 " ANPRER JERF Python MRS CHBER HI Y15 XA 9 38 5 AR AE— 1B ) Y embedding Python..

GG RIS AR R UL ) T HYE, ATl Sl BB IR G. E TR A — A
JEE AR R B AT A T i A Python A R EA 2, {Hitk A Python [ FE A 44 5
PRI R T B -

VFZ APT BUEAR IR A B & Python sX PR NARREAEIE . BN, KR A Python [ 1Y HIFE 7
WHRERALEE YR, A 2R S BRI H i A Python 2 B e B S TRV X &2 5

1.1 K4k

WARARAR B4 5 ] 45 T CPython ) C UMY, 1R BAUEHRTE PEP 7 HE U H5 2 W AR, XL 45T
W3 ) AT AT R By 254 11 Python A4S . FEAM 5 4R H C ISR =07 I AN, al DU AR X LU AT, Rl
VRUESEAE H 5 1) Python TTRkIX LU .

1.2 8&XH

{1 J1} Python/C API Fr e SR A PReR . IR E SCRT TN AT TR B & B R AU 2 v -

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

X EWEM S AT ARk S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERATH).
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1Ef#: T Python W] B L —LUREYESELE R G830 AR e K SRR TIAL BR AR E 5L, DAL A S AR T A e
2T, AR 54 RS Python . h,

It is recommended to always define PY_SSIZE_T_CLEAN before including Python.h. See i& &) i85 & T & 415
for a description of this macro.

Python.h 5 SCARYAHB M P m] WA AR (b B & bRk SCURBInE LFRAT) #RAT AT Py 50 _Py. DA _Py
TR A AR Python SCBLN ARG HIFY , AR TRA S E M o S5 24 PRI PR B R

{Efit: 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 &5 Python —E2 4% . FF Unix I, B/ TPATHSR: prefix/include/pythonversion/
Ml exec_prefix/include/pythonversion/, H H prefix Ml exec_prefix J& Hi [f] Python
configure I ARG AWXT N TE S FE X, T version Wk '$d.%$d' % sys.version_info[:2]. fE
Windows |, K324 T prefix/include, HW prefix @R RFIRERN LR H .

BRLE SISO, R E S (AR ERECEIRE F g it S R A . 1 R/ ACH S
RIEFERIGHA #include <pythonX.Y/Python.h>; XIHEHZ-FEHmIFAH, HHN prefix [
BIRIL R EAE R H exec_prefix TREEF-GHI 3.

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

1.3 FHME

Python 3SR E SCT — 28 IR . VR RIESEITEA IR A f )y & i (B APy _RETURN_NONE) .

AR Ay A 00 SO L. X LB R AN R — S A 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 BRI HE.

Py_ABS (x)

AR ] x L .
3.3 B fE.

Py MIN (x, y)
R x Fy MR IMAE .

4 Chapter 1. #}i
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3.3 Bl e

Py_MAX (x,y)
R x Fy 4R .
3.3 FrhR e

Py_STRINGIFY (x)
= A5l C 45 . Bl Py_STRINGIFY (123) j&[H] "123",

3.4 i CNRE.

Py_MEMBER_SIZE (fype, member)
R EIE5HE (type) member R/, PAFATRIR .
3.6 FriIRE.

Py CHARMASK (c¢)

SHLINH [-128, 127] 55 [0, 255] FEFE N I P AT B AE R . X ANENE ¢ sl e unsigned char
R,

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) ;

1E 3.8 Ji B k: 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.
N

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

static PyMethodDef deque_methods[] = {
VY2
{"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.
NE

1.3. FHNE 5
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static PyMethodDef pysglite_row_methods[] = {
{"keys", (PyCFunction)pysqglite_row_keys, METH_NOARGS,
PyDoc_STR("Returns the keys of the row.")},
{NULL, NULL}
bi

1.4 5. RIS ATHE

Most Python/C API functions have one or more arguments as well as a return value of type PyObject*. 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 Py TypeOb ject objects.

B Python %f% (L% Python B%f) #8G —1 type F1—A> reference count, Xt 12800 & B4
X (BN, SRk e XEEG AL, A types TR ) o XTSRRI AN EAL, #H —A%
KGR G REE BT %A Fln, 24 (HAY) a rfgngxtgid Python 51|} PyList_Check (a) HH.

1.4.1 SIRHH

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.

6 Chapter 1. #i&
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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.

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;

3);

t, 0, PyLong_FromLong(1lL));

t, 1, PyLong_FromLong(2L));

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

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem

(
(
(
PyTuple_SetItem(

Here, PyLong_FromLong () returns a new reference which is immediately stolen by Py Tuple_Set Item (). 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, *list;

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

It is much more common to use PyOb ject_SetItem () and friends with items whose references you are only borrow-
ing, 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:

14. &, %EBF03| Bt 7
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int
set_all (PyObject *target, PyObject *item)
{

Py_ssize_t i, n;

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

for (i = 0; 1 < n; 1i++) {
PyObject *index = PylLong_FromSsize_t (i);
if (!index)

return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
}
Py_DECREF (index) ;
}

return 0O;

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 PyOb ject_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) doesn 't enter into it/ Thus, if you extract
an item from a list using PyList_GetItem (), you don’t own the reference --- but if you obtain the same item from
the same list using PySequence_Get Item () (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 *list)

{
Py_ssize_t i, n;
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, 1); /* 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;
3

return total;

8 Chapter 1. #}i
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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 */

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 = PylLong_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 %%

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 S A 5 ZALPIURE & T3 ZAL PRI D0 RALBER S & A sl By R, SR e R
MR, MR, ERIMITRA TGRS, AR LR E AT s 45 P Rl Rl A [ 991 -

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 en-
counters 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 application).
A thread can be in one of two states: an exception has occurred, or not. The function PyErr_Occurred () canbe 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.

1.5. B& 9
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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 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 nor 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;
}
const_one = PyLong_FromLong (1L);
if (const_one == NULL)
goto error;

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

(Rt
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(£ 50

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 */

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 function is 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 () doesnotsetthe ”scriptargumentlist” (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)
afterthe callto Py Tnitialize ().

On most systems (in particular, on Unix and Windows, although the details are slightly different), Py _Initialize ()
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 interpreter 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 are in /
usr/local/lib/pythonX. Y. (In fact, 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

1.6. #& A\ Python 11
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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 _TsInitialized () 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 it HE

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.

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. Itis
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 T RTTRARA S BRI A, B0 AT DA T B Me A
o BAMS ARSI B G 03 BL s -
o AN ALRF NI E AT A F1 A i o o
* Downcasts from wide types to narrow types are checked for loss of information.
s FEZWEPIRMB FHAEGSLIHF . Jioh, REXNRFE test_c_api ) ks
S ASBHSE R R A S I B RE LR
o fEHE A TCRAARI G BE RS, DA RAIR AR 105 1 T
o ISR ER ERANES M) S A A 2 R ML AT o
» Extra checks are added to the memory arena implementation.
o ISR A S 2 AR

X HUAT RERCA R B BB M 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.

ﬁ%%giiém{51§\7 1525 Python /},?ﬁﬁ%'iijﬂ/ﬂ 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,andPy_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_Madin (int argc, wechar_t **argv)
The main program for the standard interpreter. This is made available for programs which embed Python. The
arge 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,
aslong as Py_InspectFlag is not set.

int Py_BytesMain (int argc, char **argvy)
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 0.

15



The Python/C API, %% 3.10.0a0

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.

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 result of PyRun_SimpleFile ().
filename is decoded from the filesystem encoding (sys .getfilesystemencoding ()). If filename is NULL,
this function uses "2?27?" 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,
aslong 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 0 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 returns.

{Ef#:  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_InteractiveOneFlags (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.psl and 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
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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 prompt.
The function is expected to output the string prompt if it’s not NULL, and then read a line of input from the provided
standard input file, returning the resulting string. For example, The readline 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.

T 3.4 iR P 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 file-
name set to NULL and flags set to O.

struct _node *PyParser_SimpleParseStringFlags (const char *swr, int start, int flags)
This is a simplified interface to PyParser SimpleParseStringFlagsFilename () below, leaving file-
name set to NULL.

struct _node *PyParser_SimpleParseStringFlagsFilename (const char *str, const char
*filename, int start, int flags)
Parse Python source code from st using the start token start according to the flags argument. The result 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()).

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.

struct _node *PyParser_SimpleParseFileFlags (FILE *fp, const char *filename, int start, int

fiags)
Similar to PyParser_SimpleParseStringFlagsFilename (),butthe Python source code is read from

fp instead of an in-memory string.

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
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)
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)
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)
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 *locals,
PyCompilerFlags *flags)
This is a simplified interface to PyRun_FileExFlags () below, leaving closeit set to 0.
PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject
*locals, int closeit, PyCompilerFlags * flags)
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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 () re-
turns.

PyObject *Py_CompileString (const char *str, const char *filename, int start)
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, PyCompilerFlags
*flags)

This is a simplified interface to Py_CompileStringExFlags () below, with optimize set to —1.

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags

*flags, int optimize)

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 B fE.

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

3.2 B fE.

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
This is a simplified interface to PyEval_ FEvalCodeEx (), with just the code object, and global and local vari-
ables. 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)
Evaluate a precompiled code object, given a particular environment for its evaluation. 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.

type 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)
Evaluate an execution frame. This is a simplified interface to PyEval_FEvalFrameEx (), for backward com-
patibility.

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
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.

F£ 3.4 R B This function now includes a debug assertion to help ensure that it does not silently discard an
active exception.
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int PyEval_MergeCompilerFlags (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 *flags is NULL, cf_flags is treated as equal to 0, and any modification
dueto from _ future_  import is discarded.

int c£_flags
Compiler flags.

int c£_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.
T 3.8 iR : 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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CHAPTER D

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
0 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 not 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.

{Ef#: 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).
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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 sys . stderr and clear the error indicator. Unless the erroris a SystemExit, in
that case no traceback is printed and the Python process will exit with the error code specified by the SystemExit
instance.

Call this function only when the error indicator is set. Otherwise it will cause a fatal error!

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.

void PyErr_Print ()
Alias for PyErr_PrintEx (1).

void PyErr_WriteUnraisable (PyObject *obyj)
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 impos-
sible for the interpreter to actually raise the exception. It is used, for example, when an exception occurs in an
__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 &=

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_RuntimeError. You need not increment its reference
count. The second argument is an error message; it is decoded from 'ut £-8’.

void PyErr_SetObiject (PyObject *type, PyObject *value)
This function is similar to PyErr_SetString () butlets you specify an arbitrary Python object for the "value”
of the exception.

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
This function sets the error indicator and returns NULL. exception should be a Python exception class. The for-
mat 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)
Same as PyErr_Format (), but taking a va_1ist argument rather than a variable number of arguments.

3.5 BRI HE.

void PyErr_SetNone (PyObject *type)
This is a shorthand for PyErr_SetObject (type, Py_None).
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int PyErr_BadArgument ()
This is a shorthand for PyErr_SetString (PyExc_TypeError, message), where message indicates
that a built-in operation was invoked with an illegal argument. It is mostly for internal use.

PyObject *PyErr_NoMemory ()
This is a shorthand for PyErr_SetNone (PyExc_MemoryError); it returns NULL so an object allocation
function can write return PyErr_NoMemory () ; when it runs out of memory.

PyObject *PyErr_SetFromErrno (PyObject *type)

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 then calls 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 *filenameObject)
Similar to PyErr_SetFromErrno (), with the additional behavior that if filenameObject is not NULL, it is
passed to the constructor of fype 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 *filenameObject,
PyObject *filenameObject2 )
Similar to PyErr_SetFromErrnoWithFilenameObject (), but takes a second filename object, for rais-
ing errors when a function that takes two filenames fails.

3.4 BN RE.

PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Similar to PyErr_SetFromErrnoWithFilenameObject (), but the filename is given as a C string. file-
name is decoded from the filesystem encoding (os . £sdecode ()).

PyObject *PyErr_SetFromWindowsErr (int ierr)
This is a convenience function to raise WindowsError. If called with ierr of 0, the error code returned by a call
toGetLastError () isused 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] F 4 Windows .,

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Similar to PyErr_ SetFromWindowsErr (), with an additional parameter specifying the exception type to be
raised.

u] H 4 Windows .,

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
SimilartoPyErr_SetFromWindowsErrWithFilenameObject (), butthe filename is given as a C string.
filename is decoded from the filesystem encoding (os . £sdecode ()).

u] F 4 Windows .,

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

*filename)
Similar to PyErr_SetFromWindowsErrWithFilenameObject (), with an additional parameter speci-

fying the exception type to be raised.
u] M Windows .,
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PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, Py-
Object  *filename,  PyObject

*filename2)
Similar to PyErr_SetExcFromWindowsErrWithFilenameObject (), but accepts a second filename
object.
u] 4 Windows.,
3.4 B RE.
PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char
*filename)

Similar to PyErr_SetFromWindowsErrWithFilename (), with an additional parameter specifying the
exception type to be raised.

1] H 4 Windows.,

PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
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 .

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 exceptionis a SyntaxError.

3.4 B fE.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
Like PyErr_SyntaxLocationObject (), but filenameis a byte string decoded from the filesystem encoding
(0os.fsdecode ()).

3.2 B fE.

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 indicates
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 Issuing warnings

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 0 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
PyErr_WarnEx (), 2 is the function above that, and so forth.
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Warning categories must be subclasses of PyExc_Warning; PyExc_Warning is a subclass of
PyExc_Exception;the default warning category is PyExc_Runt imeWarning. The standard Python warn-
ing categories are available as global variables whose names are enumerated at 7 /f 22 58 531,

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, Py-
Object *path)
Much like PyErr_Set ImportError () but this function allows for specifying a subclass of ImportError
to raise.

3.6 B

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

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 . fsdecode ()).

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 mes-
sage. 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 BRI HE.

5.4 Querying the error indicator

PyObject *PyErr_Occurred ()
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.

{Ef#: 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
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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.

{if#:  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 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 PyErr_Fetch () below can be “unnormalized”, meaning
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 normalization is implemented
to improve performance.

{#f#: This function does nor 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.

{Efit:  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
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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 Hge.

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 SIGINT 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 nexttime PyErr_CheckSignals () is called, the Python
signal handler for SIGINT 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 equivalent to 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.

T 3.5 iR L On Windows, the function now also supports socket handles.

5.6 Exception Classes

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
This utility function creates and returns a new exception class. The name argument 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 Except ion (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.
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PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyOb-
Ject *dict)
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 fE.

5.7 Exception Objects

PyObject *PyException_GetTraceback (PyObject *ex)
Return the traceback associated with the exception as a new reference, as accessible 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 th. Use Py_None to clear it.

PyObject *PyException_GetContext (PyObject *ex)
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 ctx. 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 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.

__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)
Create a UnicodeDecodeError object with the attributes encoding, object, length, start, end and reason. en-

coding 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)
Create a UnicodeEncodeError object with the attributes encoding, object, length, start, end and reason. en-

coding and reason are UTF-8 encoded strings.

33 REE B 3.11

Py_UNICODE is deprecated since Python 3.3. Please migrate to PyObject_CallFunction (PyExc_UnicodeEncodeErr«
"sOnns", ...).
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PyObject *PyUnicodeTranslateError_Create (const Py UNICODE *object, Py_ssize_t length,

Py_ssize_t start, Py_ssize_t end, const char *reason)
Create a UnicodeTranslateError object with the attributes object, length, start, end and reason. reason is a

UTF-8 encoded string.
33 G E MR 3.11

Py_UNICODE is deprecated since Python 3.3. Please migrate to PyObject_CallFunction (PyExc_UnicodeTranslatel
"Onns", ...).
PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
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 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)
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.
PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
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.
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5.9 T

These two functions provide a way to perform safe recursive calls at the C level, both in the core and in extension mod-
ules. 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 PyOS_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 R s ¥4 This function is now also available in the limited API.

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

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

Properly implementing tp_ repr for container types requires special recursion handling. In addition to protecting 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 tp_ repr implementation to detect cycles.

If the object has already been processed, the function returns a positive integer. In that case the tp_ repr imple-

mentation should return a string object indicating a cycle. As examples, dict objects return { ...} and 1ist
objects return [...].

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

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

void Py_ReprLeave (PyObject *object)
Endsa Py _ReprEnter (). Must be called once for each invocation of Py ReprEnter () that returns zero.

510 IrERE

All standard Python exceptions are available as global variables whose names are PyExc_ followed by the Python ex-
ception name. These have the type PyObject*; they are all class objects. For completeness, here are all the variables:

C AR Python #Z#R TR
PyExc_BaseException BaseException (1
PyExc_Exception Exception (1
PyExc_ArithmeticError ArithmeticError (1)
PyExc_AssertionError AssertionError

TTU4kEE
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R1-ZEW

C &R Python #Z#R EZ L]
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 @))
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedError NotImplementedError
PyExc_OSError OSError (1)
PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError 2)
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclIteration 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
PyExc_UnicodeDecodeError UnicodeDecodeError
PyExc_UnicodeEncodeError UnicodeEncodeError
PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateError UnicodeTranslateError
PyExc_ValueError ValueError
PyExc_ZeroDivisionError ZeroDivisionError
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3.3 WO I 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, and
PyExc_TimeoutError /U1~ PEP 3151.

PyExc_PermissionError,

3.5 FRIEE: PyExc_StopAsyncIteration fll PyExc_RecursionError

3.6 FRIEE: PyExc_ModuleNotFoundError

XL SR VER4 PyExc_OSError:

C &R TR
PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError 3)

1E 3.3 LT G 0SS B 0 20 LB S A
W
(1) B RIABRER R,

(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 PyEx c__followed by the Python
exception name. These have the type PyObject*; they are all class objects. For completeness, here are all the variables:

PyExc_ProcessLookupError

C &R Python Z#R E s
PyExc_Warning Warning (1)
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 FhRIBE: PyExc_ResourceWarning
R
(1) X2 HA bR R 2
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ARFE PRI T S S ] T RAR S, wdRAT ) C AU SETHES -Gl B AR, 7E C P A Python A58, DA
L @R R B S HOT AR C (B4 7 Python HH (B AF4E

6.1 RIERFHER

PyObject *Py0S_FSPath (PyObject *path)
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__ () is returned as long
asitisa str or bytes object. Otherwise TypeError is raised and NULL is returned.

3.6 B

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
12727210

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.

e 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 BRI HE.

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.
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e 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.

M. 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 avail-
able 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 h; 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_L.egacyWindowsFSEncodingFlag is zero;
e UTF-8 if the Python UTF-8 mode is enabled;

ASCIT if the LC_CTYPE localeis "C",nl_langinfo (CODESET) returns the ASCII encoding (or an
alias), and mbstowcs () and wcstombs () functions uses the ISO-8859-1 encoding.

e the current locale encoding.
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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

Return NULL on decoding error or memory allocation error. If size is not NULL, *sizeissetto (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.

Z W

The PyUnicode_DecodeFSDefaultAndSize () and PyUnicode_DecodeLocaleAndSize ()
functions.

3.5 B InE.

JE 3.7 R 5 ¥R The function now uses the UTF-8 encoding in the UTF-8 mode.

¥E 38 M OFE M The function now uses 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 characters
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;

* ASCITI if the LC_CTYPE localeis "C",nl_langinfo (CODESET) returns the ASCIT encoding (or an
alias), and mbstowcs () and wcstombs () functions uses the TSO-8859-1 encoding.

* 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_pos is set to (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

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

T 3.7 WU PR The function now uses the UTF-8 encoding in the UTF-8 mode.

* 38 | W The function now uses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlag is zero;
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6.2 RGiThAE

These are utility functions that make functionality from the sy s 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 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.

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 sto sys .warnoptions. This function must be called prior to Py_Initialize () inorder 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 alist 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 B

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

3.2 B fE.

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_Tnitialize ().

3.2 B fE.
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PyObject *PySys_GetXOptions ()
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.

sys.audit () performs the same function from Python code.
3.8 B fE.

1 3.8.2 ilRE L 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 hook 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 F55T 29545 N BT R T8 FBRET BB I AR iz A TR, A8 61N Y B 248 1] Python
RIS
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.

5l &— HiTE}; sys.addaudithook, % AMHSEL.
3.8 Bl TIgE.

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_L.IMITED_AP I macro is defined.

F£ 3.9 MCE P Log the function name automatically.
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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 JiR FE ¥R : 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.

6.4 SR

PyObject *PyImport_ImportModule (const char *name)

This is a simplified interface to Py Import_ImportModuleEx () below, leaving the globals and locals argu-
ments 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.

ZEREUR R R AR T

PyObject *PyImport_ImportModuleNoBlock (const char *name)
ZERE R Py Import_ImportModule () H— A5 314 o

7£ 3.3 ilREE L 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, PyObject
* fromlist)
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 Tmport_TImportModule ().

PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject
*locals, PyObject * fromlist, int level)
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 e

PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals, Py-
Object * fromlist, int level)
Similar to Py Import_ImportModuleLevelObject (), butthe name is a UTF-8 encoded string instead of
a Unicode object.
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TE 3.3 fH 2 Negative values for level are no longer accepted.

PyObject *PyImport_Import (PyObject *name)
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.

AR B X AR A

PyObject *PyImport_ReloadModule (PyObject *m)
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_AddModuleObiject (PyObject *name)
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, and if not, create a new one and insert it in the
modules dictionary. Return NULL with an exception set on failure.

{#fi#: 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 BRI HE.

PyObject *PyImport_AddModule (const char *name)
Similar to Py Import_AddModuleObject (), but the name is a UTF-8 encoded string instead of a Unicode
object.

PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)
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 module. 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 sy s . modules is dangerous, 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 __l1oader__ (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,
will also be set.

cached_

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.

See also Py Import_ExecCodeModuleEx () and PyImport_ExecCodeModuleWithPathnames ().

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Like PyImport_ExecCodeModule (),butthe __file_ attribute of the module object is set to pathname
if it is non-NULL.

é%ﬂPyImporthxecCodeModuleWi thPathnames (),

PyObject *PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, Py-
Object *cpathname)
Like PyImport_ExecCodeModuleEx (), but the __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.
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3.3 BRI HE.

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

char *pathname, const char *cpathname)
Like PyImport_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 fiREEEL: 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.

e 3.3 BCE S RIGIRHR I -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 B fE.

PyObject *PyImport_GetModuleDict ()
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 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 BRI HE.

PyObject *PyImport_GetImporter (PyObject *path)
Return a finder object for a sys.path/pkg.__path__ item path, possibly 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 resultin sys.path_importer_cache. Return a new reference
to the finder object.

int PyImport_ImportFrozenModuleObject (PyObject *name)
Load a frozen module named name. Return 1 for success, 0 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
PyImport_ImportModule (). (Note the misnomer --- this function would reload the module if it was al-
ready imported.)

3.3 FrhR e
TE 3.4 fiRHE L 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 instead
of a Unicode object.

struct _frozen
This is the structure type definition for frozen module descriptors, as generated by the £reeze utility (see Tools/
freeze/ in the Python source distribution). Its definition, found in Include/import.h, is:
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struct _frozen {
const char *name;
const unsigned char *code;
int size;

bi

const struct _frozen *PyImport_FrozenModules
AR BRI IR L TR 1] struct _frozen ${#4H, DA NULL 803 0/ REEHERIC. H—MNAGHHGETA,
BB R EER . B0 A ADAORIE BEE S Q- R AR

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 Tnitialize ().

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 encoded string. Programs
which embed Python may use an array of these structures in conjunction with Py Import_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 #iE marshal IR{EXZ ¥

XEGIRE FLF C AIBALEE S marshal BUBET AR Bt s e 21 fxt 5o oA 22 ek 0n] IR RF 4 5
ANEFFPBIRE S, 55— L s O] A SO Bt . 1 T4 marshal B ) SCPF w20 A 0 il A
19F.

BOFEAEAT R I SR e AR BT AT 3k

DU S R R BCEAS SR AS : 58 0 FOM P S AR, 56 1 RAR &7 SO/ marshal 27514k i L 22 [ AL G 7
?f% 55 2 WA ST s B — A% 0. Py_MARSHAL_VERSION $§HH T4 mi SOk (4 mTHUE N
2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
Y—~ long BEEL value VA marshal 485 A file. X¥ R E A value T/ 32 {575 FEiEAHL long ZEHIAY
KEQMAT . version 5B SCIAAE U IRAS o

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
¥—A~ Python X4 value D\ marshal #£5 A file. version ¥58WH SCAAAE 2RI A .

PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)

iR [l — A value [¥) marshal ZaR LA FHAYHR G version $5 SR ARAS o
PATR BR AV SO A7 4 marshal #5XHI{E
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long PyMarshal_ReadLongFromFile (FILE *file)
MATIF T B2 FILE* {00 B i [0l —4~ C long. ] R e #ICH BE BRI 32 FLAME, TCie Al
long ZE7 K B A AT,
KRR, RFRCEIE UK (BEOFError) Rk 1.

int PyMarshal_ReadShortFromFile (FILE *file)
MATFE I T30 FILE* 1% b £k 8] —A~ C short. {5 ] e R £ RE S 16 ALHME, ToIRAHL
short ZEAU[HK B2 R ] .
KAERE DN, RFRCEIE S (BEOFError) Rk -1,

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
MATH T FILE* [R50 B 4 ik [B]— 4> Python Xf 42 .
KAEARE, R EE S R (EOFError, ValueError B TypeError) iR [F] NULL,

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)
MAT JF 0 T e B R FILE* /g %F B 4 W & [l — A4~ Python X K. A [
TPyMarshal ReadObjectFromFile (), M R E0IR & ¥ A PR SCHF B HUE 2 B x4, 7o
VPHCRE SO R B AN A, DA R SIS FE mT DATE A7 Th i R b B A T A i g AR SO
WA A AR E A 2 A SO BRI ART P 28 I Oy vl Y B X
KAARE, CHIREEYSH R (EOFError, ValueError B TypeError) iR [H NULL,

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
MALEHE1) data (1) len A5 BTG i DO I Bt i (81— Python X4
KAEEARE, B EE S R (EOFError, ValueError B TypeError) iR [F] NULL,

6.6 FOMBERTERZ

LR AR AR H O R BN B AR . S22 I DA S S T 2 2% i B SCR Y extending-index /Y

XU PR B A B Bl = 4>, PyArg ParseTuple (), PyArqg ParseTupleAndKeywords (), VA
KpyArg_Parse (), BEATEREE & X AL F 45 B K K o6 FOW 18 09 2 805 50 08 . 3 28 o) B50AR 7 A1
] R A A% AL AR

6.6.1 TS H

— AR TR 0 B X AR T, — MRS IC R A —4> Python X5 EillH 22—
FPEcE AR IR R AR BRITPS . B T ABBIAN, — N ARES 51 RS A Gl 0 75 28 bR R A
IR SR FERC T RIflIA T, WG5S NI FEFGEM G BHES O W X A8 B ICH)
Python X RFKM; Trfi's 1 Wi feidn C ALkt (Ieide) 2.

FHENZEX

T SEHE ALV S IR PRSI N AR E ST ) . ARV B AR [ unicode P4 B 540 XY IR iR
BARAAE

R, YRR E RS AN XK, XAk XA AR [ Python XA BRI Hax A
b R AE S AW R ATE R . RN T REUT T 745 ] . [ TiX 2 es, es#, et and et #.
SRIM, 24— Py_buffer GEMBIRM, HASRZ M XYBUE, B DA EAERE G 6 XA~ 2o X, B
AEPy_BEGIN_ALLOW_THREADS Herft, W DA ] A5 B PR ki R K/ N el 2 Bl B B s SR i XU . R, A
AW PyButffer Release () FEARGE R BRI AL PR (BETE 2 HiALA A IBr 2k )
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BRAEA AV, Zanh XK@ A S PAS L IR

FLAR AT 2 A BEf bytes-like object, FFRCEAIGET AR G P IXEEH o A TE AR AR G pyBut ferprocs.
bf_releasebuffer FEZM N NULL KA, ETBA RN bytearray KFEH A AEXTR .

{Ef#: For all # variants of formats (s#, v#, etc.), the macro PY_SSIZE_T_CLEAN must be defined before including
Python.h. On Python 3.9 and older, the type of the length argument is Py_ssize_t if the PY_SSIZE_T_CLEAN
macro is defined, or int otherwise.

s (str) [const char *] f—> Unicode X QAR Bl MG R FAFER Y C 154T. —MMREHEIR O A ER
FAEER, XD AR L M TR A R . C TR R E 4 IY. Python FAFERAREML &
IRABTERU IS A R H, —4> valueError i) % . Unicode MRYALAIN 'ut£-8" 4
WA C AT WREEHRIN, —4> UnicodeError SHHHI%K.

W XAFRIBAX AN Zbytes-like objects . QAR Z U R BRI RF BN C 455, 2l
ffif] os Tk A PyUnicode FSConverter () {EHN $10F13,

TE 3.5 MCHE R PAFT, 24 Python “FAFER B H] T ik AR null fRA% 5 255]& TypeError .

s* (str or bytes-like object) [Py_buffer] iX ik E#H:52 Unicode X 22 2845 B4 . & i
HRMLR Py buffer SR, X RN C FAFH AT REE S A NUL 575, Unicode %4 it
rut£-8" GfEFALIN C PR

s# (str, read-only bytes-like object) [const char *,Py_ssize_t] 1% s*, [T ENEZ SN E . G50 1
EERAS C A2 g, SH— A48 C FRFRMIRE, B2 EmMRKE. P4 T BE A &k AR null
7. Unicode X RERWGELT "ut £-8" gullik bl C F4FH:

z (str or None) [const char *] 5 s 2&{l, {H Python X} LM Al fEN None, TEXFMFNL T, C o E N
NULL,

z* (str, bytes-like object or None) [Py_buffer] 5 s* J5{t), {H Python X} L] §E°H None, FEXFFMILT,
Py_buffer $5¥H) buf iR E A NULL,

z# (stx, read-only byfes-like object or None) [const char *, Py_ssize_t] 5 s# Z4{l, {H Python %14t r] fig
A None, FERXFMENLT, CH5%EFHE A NULL,

y (read-only bytes-like object) [const char *] JXFRIRFHF— D IFATR AR Z AN — MR M FAF R C 45
Bt BEAHEERZ Unicode X5, P A7 KAMIUAEL S A null ‘7475 QSRS T null 52745, 5] % —
A~ ValueError 2.

TE 3.5 OHE R PAHT, 475 Zoh X Has 2] T i AR null ‘5255 % TypeError .

y* (bytes-like object) [Py_buffer] s* fJ783;, A3 Unicode X%, HIEZeFr2RAAR &, X a2 i3t

y# (read-only bytes-like object) [const char *, Py_ssize_t] s# (A, A3 Unicode X%, HiEZIFHr

S (bytes) [PyBytesObject *] %5k Python %[44 bytes X%, NPT . IR ZXS AR K bytes
WM 5] % TypeError. CASSW AT PyObjecr 2541,

Y (bytearray) [PyByteArrayObject *] Zisk Python X424 bytearray X4, A2l i (B itd, s
TR N bytearray XRMAT| K TypeError. CASEW W, PyObjecr* 2584,

u (str) [const Py_UNICODE *] — Python Unicode X§ 42544k i{H5 [i]— A PAZS 2 119 Unicode “EAFZE 1 X
PIFEr . ARLAIE N—A>Py_UNICODE $g41 72 Sl , 76 T — A48 M & & AFAER Unicode 271 X
FaEE . RSPy _UNTCODE ZRAY [ FAF 9 B e T Gideie 1l (16 (783 32 i), Python 4 e
DAASBEAL F i AR null XRS5 WA, 514 —A> ValueError ¢4,
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TE 3.5 BCHE B PART, 24 Python “F4FHR AR E] T ik ARY null 055545 % TypeError .

Deprecated since version 3.3, will be removed in version 4.0: X 2 [H R £t =Py _UNICODE API; i iF #%
fPyUnicode_AsWideCharString/().

u# (str) [const Py_UNICODE *, Py_ssize_t] u ByZ5:, FEMWA C AR, F— 4845 m—1 Unicode
BARZEAFIX, H_ARENKE. B null AR 5E.

Deprecated since version 3.3, will be removed in version 4.0: X &2 [H R £t =\Py_UNICODE APIL; % iF #%
ZPyUnicode_AsWideCharString/().

Z (str o None) [const Py_UNICODE *] 5 u 2% {2, {H Python Xt % th W[ fi£ & None, 7EiX Fh1F it
FPy_UNICODE #8518 5 NULL,

Deprecated since version 3.3, will be removed in version 4.0: X &2 |H R £t =Py UNICODE API; i iF #%
ZPyUnicode_AsWideCharString/().

Z# (str or None) [const Py_UNICODE *, Py_ssize_t] 5 u# 24{tl, {H Python XJ& "] fEH None, FFiX
FEM R Py_UNICODE #8414 8 A NULL,

Deprecated since version 3.3, will be removed in version 4.0: X &2 |H R £t 2Py UNICODE APIL; i iF #
ZPyUnicode_AsWideCharString/().

U (str) [PyObject *] %5k Python %154 Unicode %15, NEAXBEATALATEEA . QIRZRAT AN Unicode X4
45|k TypeError, CASEW A #EFEH]N PyObjecr*,

w* (W[ 55 bytes-like object) [Py_buffer] X >3 15 3 32 AF ] 52 B AT 525 G A7 D3 IR R BT &
fefbipy_burfer FMIRIE. ot KT REFFAEIRA MY null 5235, 24 Z2of DX 5 i ) 1 3 7 2508
HPyBuffer Release (),

es (str) [const char *encoding, char **buffer] s {7255, ‘BE¥ 4551 Unicode FRHFEAFHEZNIX ., B H
AEFRE A fix NUL “F45 1) 2 g Eici -

A R F BB B MUHER A, I HAH0N const char®, ‘B 51— LA NUL 4530 1745
PRGN LAFR, BE N NULL, XFE/RMH 'utf-8" aidigl. WA Python Joik ik il i 4%
AR AN T K FHE . 5B ASETCN char**; &S| A FGEHERRE BN A S BRI A
T IX o SCAKE LA — S B4 52 1 G A% N T4 s

PyArg_ParseTuple () XMRE—ANEMEK/NKZ X, 545 5 J5 i) RO 75 D BEEX G X Hid &
“buffer 51 XA B BLHINAFZE 0] o PR E A SUEAE R ST PyMem_Free () EREILC L RLHIZ
X,

et (str, bytes or bytearray) [const char *encoding, char **buffer] fl es #H[F, & T A EHIBIE AL
FAHEXR . R, BREEANSEE G EITFITRIEEL,

es# (str) [const char *encoding, char **buffer, Py_ssize_t *buffer_length] s# 725, "B 52 4w A5 1Y) Uni-
code FRAEANTFRFZEMIK . MG es FRBA, EAFEANEIES NUL F5F,

EHREZASE. FBMUHER A, I HAH const char®, BH§[a— Mg X4k, EUHRA
NUL g5 R FEAF R 8l NULL, FEJ5— MG R tutf-8" 4afdagX. QiR agmhdas X4 Fr o ut
Python H 55| & 5. 55— ASHNN char**; & i8] 35 EHELS B A S8R N2
HIZRR X o SCAKEPASE — SR8 2 W i i X TS . 58 =SS B T8 10— A B 54T
155 | B BCRFD B R i B G X P B 2 4

A PR

WK *buffer 1710 NULL $55F, W pRECR - FC el /N Zem X, R34 i 1 40 2 h B st Zep X, 33
B *buffer VAT B 2 BCAIAEfE . PRI ST PyMem_Free () DAERT ISR BCA ek IX o

AR *buffer $5179E NULL F54F (A ELHIZEMNIX), WPyArg ParseTuple () R A EVE b
X, HXF *buffer_length WIRIIREMRRE A Z XK/ ARG, BRI gt i Eda 2 B g X, 41k
B WREMXABR, FFiE— valueError,
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TEX AT, *buffer_length Bk & R gt J5 45 R A NUL BRI B .
et# (str,bytes or bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length] %I
es# MlF, BrTAMERDEANTFRBENR. M, BREEANSER G FAHRAL,

¥
b (int) [unsigned char] ff—/~E 1Y Python BEARUEAY pi— N TEAFS AR, F7AE7E— C unsigned char
KA,

B (int) [unsigned char] f—~> Python F& AU 5% Ak i — AN IO B I AN £ v 1 00 A8, A7 7E—> C unsigned
char 2RI,

h (int) [short int] —~> Python ZZF%E4k jf,—~ C short int #53& 7,

H (int) [unsigned short int] —~ Python ¥ #1%%4k j}i—~ C unsigned short int FTLFFS4EHE R | H ALK A H
I

i (int) [int] Ff—> Python BEAUFEAY i —4> C int BEAY,

I (int) [unsigned int] }—~ Python B AI%4k i}i—> C unsigned int ToAF 537 HORKG AT US H ) AL,

1 (int) [long int] ¥§—> Python & & 4E4 i —4~ C long int 37

k (int) [unsigned long] §—> Python AU AL i— > C unsigned long int LRSI BEMY , HAKAL i ) 1A
L (int) [long long] f—> Python &AL f{—4> C long long K AR,

K (int) [unsigned long long] —~ Python 3% #E4 jili—~ C unsigned long long TLfF 5K KA, HAME
T 4 )

n (int) [Py_ssize_t] ¥ — Python B RIEE( ili—4~ C Py_ssize_t Python Ju RK/NEHL,

c (bytes B # bytearray KJ¥h 1) [char] Xf—A> Python “F57 KA, — MK EH 1 1) bytes B #H
bytearray ¥4, #LE—4> C char AL,

TE 3.3 JREM: i bytearray RBIRTE .
C (str KR D) [int] H5—4 Python “F4F, W—MKEEHN 1 B str FAFHRIER, FHlbll— Cint BAIEA,
£ (£loat) [float] #§—> Python J% fA AL il— C float 77 1%L
d (£loat) [double] ff—> Python % s £ Ak ji— 4~ C double XUREEFF k4L
D (complex) [Py_complex] f— Python &g #Z B4 il,— 1~ C Py_complex Python &g (2%,

Hip3tx

O (object) [PyObject *] f Python X (RHEATALMIE4) fFAETE C XFgeagst . Bit, CRFRIC i
HISERBR AR o RIS RN S . AP 8 A2 NULL,

0! (object) [typeobject, PyObject *] 1§—> Python X A7 A —1 C X[ & 354 XELIT o, (HEEZW1 C
ZH: A2 Python ZEAUFRAHINE, 25 /SR AEMNT S AR5 H C A8 & (GRBLN PyObjecr*) [yt .
AR Python Xf 4R A PrEisk i 2AY, M<5] % TypeError,

O& (object) [converter, anything) i i—> converter BREF—> Python St 44—~ C 285, MLpREIE
PSS B RE, 5B CARE CRAUER) nthhl, ik void* 2881, converter RS LA
Ay =

status = converter (object, address);
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Horp object B 5 Python YT 41T address &5 PyArg_Parse® BB void* S5, R [0 1) status [V 24
DL 1 AT O AN MFEH T, converter SRR 47| % 545 IF HL2iL: address
N AR R B CRES .

IR converter iR 7] Py_CLEANUP_SUPPORTED, WIUNSRESEENTEL RN, B 0] BES FRRIE I Z R AL,
ML e A WL R A BL AR PIAE . FESE AN, object ZH0RR NULL; R, %S5
A NULL:; G, %S 50K NULL, FHIL, ZSHh NULL S (R (E) 4 ° NULL address [{H 5
JEGRIE L (AR ]

JE 3.1 JR¥EEL: Py_CLEANUP_SUPPORTED ##s1I.

p (bool) [int] XL AMMERT HE (—AFE/RAIED I ERFEE S AT C true/false BERI(E . Q5%
FRikAHEE 1, BIE 0. BEEZAEMEVEN Python fi. 2L truth R £ 5T Python 4]l i {E
HEMEE

3.3 B fE.

(items) (tuple) [matching-items] 4 Vo752 Python [F5, EHIKE Z items FAGKBAITCHIEE . C 5L
DA N items Hg— ST RS BRTT. P8 A& ROT T REA R E

f& i "long” HEM CREBU P (BB T -5 19 LONG_MAX PR 2 ul RERY, SR BA HEATIE 24 )T Bl AR I ——4 4%
W B/ BN FIME I, S B2 S AT (S5bn b, C B 5 S SCARR A BLA] b5l i S A
He—WEME T RE S R A

R AT ER R A — A ) AT R A R RIS . IR REH ANRETE IS 5. BT

| RHILE Python Z 55 R h | NS EERE Ak ny . C 2SS B W] B SHUTR ZA) a A R BA 24—
MRS A HRENS, PyArg ParseTuple () AREVFMIFHRI C A E (B EAR) HINZ .

$ PyArg_ParseTupleAndKeywords () only: FHIYE Python S48 3R b T 1 S & i il sS40
T, A SR TS EERL A RS, DS R | B S BT .

3.3 BRI HE.
o AR BICHPIRE AR BT T KA N BRI R P I BB (PyArg_ParseTuple () B
HEIRH) “RERE” 575
i REEUEICIR SRR S PR R BI RN B D B BB BRI E .« A1 HIEHER .
FERAEAT ] 2 B0k Python X R 52 45 ka9 5115 AZLEBENH5 T

e 25 3K L8 pR B RIS b e p A 2L A H il s ) A R bk s X SERR 2 SR AT il A G A
— LR, 0 ETE RS T R T AR, XSS EAE A B s AEXAEL T, BTN VERLE
IO EINATOE S ST

N T AR, arg MR AF HASKAL R o NG, PyArg_Parse* sEGR ] true, L2 EA]
iz o] false 5| & — IG5 2 PyArg_Parse® pRETR N R — AR CHE A RO SR, X I
AL 5 8 M X B eIl Y A A A WA

API &F#x

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
AT — DB S8, RIBP SRR S B E NP RS S b . iR [a] true; Rk 4] false
I LB A W 8

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
MpyArg ParseTuple () M, SRMIEHEZ—A va_list KA SHM A2 A AR SHUE

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char
*keywordsl[], ...)

IR B S ROM 5 B 7 2 ) I A R AR B R A B4 keywords S0 KR T B A TR
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NULL Z B . 23 FR3empositional-only parameters, LR [A] true; & AESER, ¥R [] false F
5| BAHR ) S5

JE 3.6 fREEE: USIN T positional-only parameters {4 X 5.

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char
*keywords[], va_list vargs)
MPpyArg ParseTupleAndRKeywords () A, SRIMEHEZ—1 va_list KR FSHOMA 0] 22551
2Rk

int PyArg_ValidateKeywordArguments (PyObject*)
B S TR BT BRI TR . A BB F-PyvArg_ParseTupleAndKeywords () A
PRI, JFE SN IO HER R A .

3.2 BRI HE.

int PyArg_Parse (PyObject *args, const char *format, ...)
PR BRI R AT A “THRILY R B 2 ]8R —— X SR MU 1 19 METH_OLDARGS Z MU I AN
Python 3 "PES IR . BORBAERE TR A R S8, F BAEpriERess h iy K2 BRI E iz, 2
AEMTZEW . BRI T AT, SR ATRE R RiX A~ B iR gE 6T .«

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)
—ANER R SEER PO, AT RIS E SRR AL, (X R AR SR ISR s KL
I 475 bR AUy R P R I R ME TH VARARGS . A8 SE PR SEUN T 24 1EH args #£ A3 B
S —A el JCARREMAI /DN min H HAHIE max; min F max W] RERISE . BOMNYSEL AL
ENRE, BSOS — DRI PyObject* A HHIARET ENTRFAR H args TS EAR0E
RGN XTI SR RN S args 45 (IR ST: EATREdiR I ZORBI AL . BERR IR
FrmE R M EE, AR args AN @ e BE A0S B RACE R TC B R MR A RAAA T 2R TR

YN =
N RH

e B BRG], BUE _weakre £ i BIBIH R IILE A RAAD :

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

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

}

return result;

}

EMI TP PyArg UnpackTuple () BT PyArg ParseTuple():

PyArg_ParseTuple (args, "O|O:ref", &object, &callback)
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6.6.2 SQIEETE

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

HTFRUT PyArg Parse* RELRINA— RIME RIS X AR BB E. 78 PUAS 1R IR [ 5k NULL;
R I NULL, 5] K555 .

Py_BuildvValue () FA—HAIE ol HAYERARLTR RS 80E 2 e
ST R LA RS, Bk E Nones W B MG M HIT, BikE hgA
TCR AT X5 BHE S B 2R A A7 3 T DASE i Bk [] SR/ 0 803 1 iocd.

2 N AT G A7 DX B0 DA S 8008 A% 36 JH R A X 2 if, A s Al s# kSN0, &8 ISR Ag 5L
i P EPRAER Z b KMORERA 8 i Py_Buildvalue () QRN S5 . #A]JTEH, 40
BRI A malloc () I B ELHI N AE S (B L8245 Py_Buildvalue (), RIS HA TE
JEPy_BuildValue () IREBEA free () .

AE R THEA T, G 5 2R AT B35S O AYZA% U ICRF 28R (8] Python X 43¢ ;
TR 0 IR C A8 & (R REE) 12E8L,

TAREBIANZAS, BIRAF, BSHE SR TR o S 2m (B A s, W sh). X
PABAR AR A AL 45 5 FL A S P ] e

s (str 3% None) [const char *] ffi [ 'ut£-8"' it 25 & LA C FRF 4440k Python str X4, Ul
R CFAFHR RS b NULL, W None.

s# (str or None) [const char *, Py_ssize_t] /] 'ut£-8"' ¥ C FArE: LI K E 4 Python
str X4, WER CFFadatt NULL, WK EER 20, 1R[] None.

y (bytes) [const char *] jXff C FARFHR AN Python bytes X4, AR C FAFERARE M NULL, Wik
[H] None,

y# (bytes) [const char *, Py_ssize_t] iX&Ff C AR & HK BEE ) —A> Python %4, 151% C
TR RE NULL, MR [E] None.

z (str or None) [const char *] Fl s —F£.
z# (str or None) [const char *,Py_ssize_t] fll s# —#FF.

u (str) [const wehar_t *] $25 2% [ ) wchar_t [ Unicode (UTF-16 5{ UCS-4) %t 2% v X 445K
Python Unicode %% . #I15R Unicode Z5i X F54F > NULL, NJiR[A] None,

u# (str) [const wechar_t *,Py_ssize_t] 4 Unicode (UTF-16 5f UCS-4) %t ggnh X gy HAK BEE40
Python Unicode X§%. 1% Unicode Z&#f X541k NULL, N FEXF9Z 0%, Ffi& ] None,

U (str 3 None) [const char *] il s —kf.

U# (str or None) [const char *,Py_ssize_t] fil s# —Ff.

i (int) [int] Ff—4> C int BB (KL Python BRI R .

b (int) [char] §—> C char “FAFRFL LY Python AN 52 .

h (int) [short int] ¥f—> C short int 53 F1%£4Y i, Python BX % 542

1 (int) [long int] $§—~ C long int - 3& %Lk i Python 3TN 4

B (int) [unsigned char] §—~ C unsigned char Jo/5-5 47 8444k i, Python B A% 42

H (int) [unsigned short int] ¥—{~ C unsigned long JoA7- 545 B A AL, i Python #5145 .
I (int) [unsigned int] *}f—~ C unsigned long o553 8 4E 4k i Python 3£ HRUNF 4 .

k (int) [unsigned long] —~ C unsigned long T 5 K3 R HE AL, i, Python 3R AU 42

L (int) [long long] > C long long KA FELHAL A Python FEERT 42

K (int) [unsigned long long] f§—~ C unsigned long long o455 K K # ALY Y, Python 3 A% 4
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n (int) [Py_ssize_t] ¥—4> C Py_ssize_t JEHIFEAL ) Python B& 7,

c (bytes KJ&h 1) [char] #f—4> C int BRA R FAFH LN Python bytes K 1 TR,
C(str KR 1) [int] 4> Cint BEAUCRAFAFFEA Python str KEH | IFRFERAIS.

d (float) [double] ¥f—~ C double WU 77 i 4% 4k A Python 77 s B BH

£ (£loat) [float] Kf—> C float HURSETF S5 16 A Python J7 S BRI

D (complex) [Py_complex *] Kf—~ C py_complex RBPE5HH AL Python A RAL,

O (object) [PyObject *] f Python XJ G A& i ANAE (H 5[ FHTFELERAN, & ITEh 1 8839) o iR ie A
FXT 552 NULL 4841, WECE X 2 m TA SRS EH AR RE S EmsEr. FHit,
Py BuildValue () ¥R NULL, (HASSI K FH . MM ARG K72, WiE SystemError,

S (object) [PyObject *] Fil 0 #H[ .

N (object) [PyObject *] A1 0 #fl[F], SR EH AR RAYTI TR, 2@ /]SSR PRI G
T AR GRS

0& (object) [converter, anything] @it converter FRECEF anything 45>k Python %4 . % BRE0E i £ 1%
A anything (. 5 void* 3e4%) VE RS HOF H R 23R [0l —A> " Python X4, Bl 24 K AR AR
J& 8] NULL,

(items) (tuple) [matching-items] — C A5 Jp |64 i, Python JGZH HAR35AH [ I TR H0E .

[items] (1ist) [HIRIICE] KA CAZRTFHNFAR K Python 1 FFH LREFAH A T 2 4l .

{items} (dict) [HIERILE] K—A> C AL RFH 4L Python T8, f—REZEN) CAE R RN —
ATCERIBA T, B R KBTI

WSRAR AR B R, B SystemError S iR [H] NULL,

PyObject *Py_VaBuildValue (const char *format, va_list vargs)
Mpy_Buildvalue () Fli, SR ERSZ—A> va_list ARG SHM A & W] AL S

6.7 FHFBREMRSEAt

FH T ECEE R A5 RS A A5 52 4 S 1) R
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)

MRAERE S FTH formar MESNSEL, Sth A size =I5 E] str o 35S0 Unix PRI snprintf(2) .

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
TP X FERF R formar FNAS &S H05 3R va , ANteh it size FA5 2] str o 52 W Unix T} 50
vsnprintf (2) .

PyOS_snprintf () MPyOS_vsnprintf () f33% C ApHEEREL snprint £ () #l vsnprintf () . BfIHY
H 2 SRIEAER S T 0L —8U T8, ARE C IR BN A

The wrappers ensure that str*[ *size-1] is always ' \ 0 ' upon return. They never write more than size bytes (including the
trailing '\ 0 ") into str. Both functions require that str != NULL, size > 0, format != NULL and size <
INT_MAX.

BCLE R BRI (rv ) 4 HE DA A0 00 Al e -
« 40 <= rv < size, HHFREIIMH v MEFESA sr (NLERE sr*[Frv] 1 '\0" F7)

* Y rv >= size , HthFRMGEWIF BRI FE A rv + 1 FMEp XK. EXMELT,
str¥[*size-1] F{EE '\0' .
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* Yrv < 0, RUAEBRIFRHRE . EXFEOLT, o size-1] F(EHIE "\O ", (HZ str Y HARER

TP ARBE L BRI IR N B TIRIZ 5 -

PATR BR R 5 TR F RS TC R AT H BB e

double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)

FEFAFER s 5640 double JEARY, R 5| % Python 547 1352 174 f Y 56 6 XTI, T4 Python 1y
fﬁéoat () MG R BAEZ TR RS, BT s UWAKA I REREHE . S s T 24 iy IX
WR endptr i@ NULL , SRR . 5]k ValueError JF HiR[ -1. 0 WERFAFHAZIF FEL
RSV COE . SUY Ei W

WK endptr Aug NULL , RATREL M5 F AT ER 0 *endptr BB 4810 55— D R I F4F .
WUER A R 0] 1 B 2 07 B 3 ik =, K *endptr E NG M FERF R L, 51K
ValueError 74, FHIRME -1.0 .

WA s FoR—DRKMABAFEE —MF B E (LrBt, "1e500" FEFZ & BR— 1747
H) RGWHR overflow_exception & NULL iR[H] Py_HUGE_VAL (&M ) FHHAK BT
1520 . eI, over Flow_except ion WA~ Python RS 5| % RHFEEN ~1.0
o TERXMFMEIL T, &E *endptr FRIFERME L FNH—DF4F.

TN RAE 40 ) e AR AT A AR R R (Fean— AN NFER R B SE IR ) , B 24 1) Python 9 H ELik [1]
-1.0,

3.1 BRI HE.

char *PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)

T4l double val —ANMEEH format_code, precision F1 flags B 744 £

XA RA TPz —, e, "EY, £ FY, g, G B (et T Tt SRR AR L2
0, "r' M HEE ThnfEREL repr O KXo

flags A] DA ZE 8 FH HA{E Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 8{ Py_DTSF_ALT B{H 4 A&
* Py_DTSF_SIGN FI/R EETER I AT R I — M54, B val HIEHEL.
* Py_DTSF_ADD_DOT_0 F/Rffi iR [l A4 B i R A G 2 — 4L

* Py _DTSF_ALT F/RMW 17 B AR ML . H RT3 25 PyOs_snprint £ () "#' & XX
=P

mE prype &~ K NULL, W © 35 10 09 {8 5 #% % & Py_DIST_FINITE, Py _DTST_INFINITE i
Py_DTST_NAN HIE)—A>, 33lER val @ — A RECTE . TohRBT s db- s .

IR A E 2 — N A A S 5 AR I buffer (FRER, A0SR S U 4 NULL. I 7 B
HpyMem _Free () FREHOR B F4FE

3.1 B fE.

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

TFREAR KNG . ZRBILFS stremp O WA M, RLRERM TN,

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

TR KNG . ZRBILT-S strnemp O LA AME, 2B TN .
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6.8 5

PyObject *PyEval_GetBuiltins (void)
AR [ 24 iy R T A R RS B, AR 2 WSO MO E AT, DR ] AR A Y AR

PyObject *PyEval_GetLocals (void)

A 7 24 i AT SRy B AL R B, AR 2 BT T R TR [B] NULL.
PyObject *PyEval_GetGlobals (void)

AR ]2 1 AT 4 R AR B, SRR 2 BT A TR ] NULL,

PyFrameObject *PyEval_GetFrame (void)
IR ]2 i RARIRAS AW, AR 2 BT A WU B NULL.

BiE& Py ThreadState _GetFrame ()

int PyFrame_GetBack (PyFrameObject * frame)

IR frame Fy F—A-HNER

R E ARG, AR frame AT SN [F] NULL.
frame WMWK NULL,

3.9 B HE.

int PyFrame_GetCode (PyFrameObject * frame)

HRBL frame (G,

IR [l —Aam 5 .

frame WAZFA K NULL, S53R (WIRHRS) AREEHN NULL,
3.9 Bl e

int PyFrame_GetLineNumber (PyFrameObject * frame)

R frame 4 HEAERATHIATS

frame WIS A NULL,
const char *PyEval_GetFuncName (PyObject *func)

MR func 2R KEBERBIXTGE, WHRIEIERAFR, EWRE func B2 FR.
const char *PyEval_GetFuncDesc (PyObject *func)

HRAE func 1 FEBLR A FAFER IR [0{E AL 55 66 EUR1 7 Y4117, constructor”, ” instance” Fl1” object”.
HpPyEval_ GetFuncName () WERER:, F5RKG2 func WA

6.9 mFILIMESZIFHEE

int PyCodec_Register (PyObject *search_function)

H—ASB ) dr R 2 1 = R AR

EREWER, H2&N# encodings £, WERMATEM, EMIRE AN TEEREIIERNE 7.
int PyCodec_Unregister (PyObject *search_function)

Unregister a codec search function and clear the registry’s cache. If the search function is not registered, do nothing.
Return 0 on success. Raise an exception and return -1 on error.

3.10 B HE.

int PyCodec_KnownEncoding (const char *encoding)

WRIEAEH L AE encoding 2 A4 2 5 CAFAEM R W] 1 5 0. MR LR RERT) -
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PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)

2 B RS S E AR g S APL,
object {fi {1}y errors it & SLAVEE RACT T IEAZ 1B 45 7€ encoding WIS #R R AL . errors FIPACK NULL /R fll
J R i s e 2 SR BRIA T 5 AR B i 8 M 225 | K LookupError,

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

2R R e B AR APL,

object ffi [ iy errors AT B X W EEIRAL IR ) VAL 45 5E encoding W RIS 2R K%L . errors W] PAK NULL FEon{#
F R as i e L ERIA T v . QAR ERAN B a4 W 25| & LookupError,

6.9.1 Codec Z&E#; API

TENIIRECT, encoding FAFH SPE P FAN/ NG FHRIEI, X AT T BUALH L H g A A% L B Exd
KNG WERARENTAT iS4, WKFE KeyError JfiR[H] NULL.

PyObject *PyCodec_Encoder (const char *encoding)
NEETE ) encoding FRIL— Gt B L -
PyObject *PyCodec_Decoder (const char *encoding)

NEE] encoding FREL—RIAR R AL

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
SHZE E W) encoding $REL—~ IncrementalEncoder X4,

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
R EW) encoding 3REL—A~ IncrementalDecoder X4,

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
WY E W encoding $EL—~ St reamReader T.J K%K

PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
SHYEE W) encoding $EL—~ StreamWriter L] BRZEN.

6.9.2 T Unicode %St iRAMIBIEFHYEM R API

int PyCodec_RegisterError (const char *name, PyObject *error)
TELG 52 1) name 2 FESHHES D A0 2R [ U8 B AL error. 1% [R1 1 BRI BICREFE — A 9 R 25388 1) J0 35 4 T 11
FETCIE SRS 71 85 I H. name 48 7 4 encode/decode o By I 1) error JEZ b} 1% Jh i it s oK
Mo

Z | O KR K & B % — 4~ UnicodeEncodeError, UnicodeDecodeError &}
UnicodeTranslateError WJSEBIVER M S 4, H 4 & X T4 845 80517 7 91 J =
CERAAIF AU RS K, (955  Unicode Exceprion Objects T AARIUHLAE KM BAREERR) . 2410 B 0
WG| K W e, B R ] — AN ) 7 8 S B A i e A i — o2, A SRR Im S i
PVREL, BRI N AT AL B ERIE G i/ A4
SR [E] <0% ;RIS AR [a] -1

PyObject *PyCodec_LookupError (const char *name)
BARAE name 2 YW B DAL IR B B AL . 1 ARFOIE W] DAE A NULL, 72 00T K2 [8] 414 strict”
A R A 3L ] ] PR K

PyObject *PyCodec_StrictErrors (PyObject *exc)
Gk exe EH 5

PyObject *PyCodec_IgnoreErrors (PyObject *exc)
W unicode 515, BRI HFIRATEIA .
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PyObject *PyCodec_ReplaceErrors (PyObject *exc)
i 2 B U+FFFD % unicode 2 iB4E 1R

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
) XML 455 | 14 unicode 2% .

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
{5 F SORHAT S A (\x, \u FI \U) Ffft unicode 2 415 .

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
B AN . Loy B R unicode Ffi g% .

3.5 B .

6.9. mAFTHIREM SZHFTNAE
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AF PRI Python XIRACH,, Fib HRM, LA Z RIS R (Flan, Prafuadesy, Sy
FIRR) . MR GRBIEATE I, 1474 —4 Python 54 .

XL R R AN AT B TR IE WAL AT B 0, In— B Ry List_New () A, (HH ARG H 3%
AWK E 2 “NULL“fA{E.

7.1 HRMY

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

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 str () 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.
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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)
Retrieve an attribute named atfr_name from object o. Returns the attribute value on success, or NULL on failure.
This is the equivalent of the Python expression o.attr_name.

PyObject *PyObject_GetAttrString (PyObject *o, const char *attr_name)
Retrieve an attribute named attr_name from object o. 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)
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 *o0, 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 O 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 O 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_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). Onsuccess, O is returned, otherwise an At t ributeError israised and -1 is returned.

int PyObject_DelAttr (PyObject *o, PyObject *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.

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)
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 *PyObiject_RichCompare (PyObject *ol, PyObject *02, int opid)
Compare the values of o/ 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
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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 o/ 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. Returns -1 on error,
0 if the result is false, 1 otherwise. This is the equivalent of the Python expression o1 op 02, where op is the
operator corresponding to opid.

{Ef#: 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)
Compute a string representation of object 0. 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.

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

PyObject *PyObject_ASCII (PyObject *0)
As PyObject_Repr (), compute a string representation of object o, but escape the non-ASCII characters in
the string returned by PyObject_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)
Compute a string representation of object o. Returns the string representation on success, NULL on failure. This
is the equivalent of the Python expression st r (o). Called by the str () built-in function and, therefore, by the
print () function.

TE 3.4 i 55 This function now includes a debug assertion to help ensure that it does not silently discard an
active exception.

PyObject *PyObject_Bytes (PyObject *0)
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 0. 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 cls has a __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 type 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.
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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 havinga ___bases___ attribute
(which must be a tuple of base classes).

Py_hash_t PyObject_Hash (PyObject *0)
Compute and return the hash value of an object 0. On failure, return —1. This is the equivalent of the Python
expression hash (o) .

T 3.2 fiUHE P The return type is now Py_hash_t. This is a signed integer the same size as Py_ssize_t.

Py_hash_t PyObject_HashNot Implemented (PyObject *0)
Seta TypeError indicating that t ype (o) is not hashable and return — 1. This function receives special treatment
when stored in a t p_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 *0)
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 *0)
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 expression t ype (o). This function incre-
ments the reference count of the return value. There’s really no reason 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 *0)

Py_ssize_t PyObject_Length (PyObject *0)
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 len (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 BRI HE.

PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
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 O on success. This is the
equivalent of the Python statement o [key] = wv. 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)
This is equivalent to the Python expression dir (o), returning a (possibly empty) list of strings appropriate for
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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)
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.

7.2 TROY Y
CPython SZHFPIFIA R B FH M tp_call NI

7.21 tp_call tipiY

W tp_call IRISEHIEZTIRNE . 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_1init 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_ cal1. 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:

s 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 to the offset inside the object structure where a vectorcallfunc appears. This is a pointer

to a function with the following signature:

typedef PyObject *(*vectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, Py-
Object *kwnames)

* callable is the object being called.
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* args is a C array consisting of the positional arguments followed by the values of the keyword arguments.
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 st r 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.

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.

¥ R 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_CallMethodOneArgq. Additionally,

PyObject_VectorcallDict was available as _PyObject_FastCallDict. The old names are still
defined as aliases of the new, non-underscored names.

B

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 FriR 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.
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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 B

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, respectively.

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 B fE.

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_CallOneArg () PyObject * | 1 object -
PyObject_CallObject () PyObject * | tuple/NULL | ---
PyObject_CallFunction () PyObject * | format -
PyObject_CallMethod () obj + char* format ---
PyObject_CallFunctionObjArgs () | PyObJject * | variadic ---
PyObject_CallMethodObjArgs () obj + name variadic ---
PyObject_CallMethodNoArgs () obj + name --- ---
PyObject_CallMethodOneArqg () obj + name 1 object -
PyObject_Vectorcall () PyObject * | vectorcall vectorcall
PyObject_VectorcallDict () PyObject * | vectorcall dict/NULL
PyObject_VectorcallMethod /() arg + name vectorcall vectorcall

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
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.

Return the result of the call on success, or raise an exception and return NULL on failure.
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.

Return the result of the call on success, or raise an exception and return NULL on failure.

3.9 B fE.
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PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)

Call a callable Python object callable with exactly 1 positional argument arg and no keyword arguments.
Return the result of the call on success, or raise an exception and return NULL on failure.

This function is not part of the limited API.

3.9 BRI HE.

PyObject *PyObject_CallObiject (PyObject *callable, PyObject *args)

Call a callable Python object callable, with arguments given by the tuple args. If no arguments are needed, then
args can be NULL.

Return the result of the call on success, or raise an exception and return NULL on failure.

This is the equivalent of the Python expression: callable (*args).

PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)

Call a callable Python object callable, with a variable number of C arguments. The C arguments are described using
aPy_BuildValue () style format string. The format can be NULL, indicating that no arguments are provided.

Return the result of the call on success, or raise an exception and return NULL on failure.

This is the equivalent of the Python expression: callable (*args).

Note that if you only pass PyObject* args, PyObject_CallFunctionObjArgs () is a faster alternative.
TE 3.4 fRHE U The type of format was changed from char *.

PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)

Call the method named name of object obj with a variable number of C arguments. The C arguments are described
bya Py_BuildValue () format string that should produce a tuple.

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

Return the result of the call on success, or raise an exception and return NULL on failure.

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 alternative.

TE 3.4 IR M The types of name and format were changed from char *.

PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)

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.

Return the result of the call on success, or raise an exception and return NULL on failure.

This is the equivalent of the Python expression: callable (argl, arg2, ...).

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)

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.

Return the result of the call on success, or raise an exception and return NULL on failure.

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.

Return the result of the call on success, or raise an exception and return NULL on failure.

This function is not part of the limited API.

3.9 BRI HE.
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PyObject *PyObject_CallMethodOneArgqg (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.

Return the result of the call on success, or raise an exception and return NULL on failure.
This function is not part of the limited API.
3.9 FriRUGe.

PyObject *PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)
Call a callable Python object callable. The arguments are the same as for vectorcall func. If callable supports

vectorcall, this directly calls the vectorcall function stored in callable.
Return the result of the call on success, or raise an exception and return NULL on failure.

This function is not part of the limited API.
3.9 B fE.
PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *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 B .

PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyOb-
Ject *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/ 1] 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.

Return the result of the call on success, or raise an exception and return NULL on failure.
This function is not part of the limited API.

3.9 B RE.

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.
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7.3 #=ihil

int PyNumber_Check (PyObject *0)

MRG0 FRAECARIPINN, IRIIE 1, BWEREMER. XA RO 2 R

1 3.8 E T AR o d2— ARG AR ]
PyObject *PyNumber_Add (PyObject *ol, PyObject *02)

R ol . o2 MIMPYEER, WKW, &M NULL. 4T Python ik o1 + o2.
PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)

R[] ol J8Z 02 AR, WIRAKM, R[E] NULL. 24T Python #ik o1 - o2,
PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)

Rl ol . o2 MFMILER, MR, 1RM] NULL. 4T Python ik o1 * o2.

PyOb/'e(t *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
RN ol . o2 UEFEFIAMILER, AIRAM, 1R[A] NULL. “F4iT Python ik ol € o2.

3.5 B YIfg
PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)

R ol BRPA o2 1) RS RYLEA, WIRARNE, R0 NULL. SEMT “AR5E” AUREEERIA.
PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)

R ol BRVA 02 B —AEHIRGITIMA, QSRR 3R NULL. SERZITIY, ROy b il o —

ATAUE, AFTREDA 2 BBk FR BT S8 XA Bk EI0R 1] S RSO R A5 3 ) 3 s
PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)

R[] ol VA 02 FREIRYAREL, ARKM, a9 NULL. 4&{F Python Eik ol % o2
PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)

SZWERE divmod () » TISRKM, IR[A] NULL, 24T Python 5=, divmod (01, 02).
PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)

WS N ERKE pow () o WERKM, &[] NULL. 4T Python gk pow (01, 02, 03), K

Hi 03 R ATERY . WIREEZM 03, MFFHEAPy_None AR (A1RME A NULL 2 SBEARENAAT) .
PyObject *PyNumber_Negative (PyObject *0)

R o FY AR, ARG, 3R] NULL . 84T Python ik o,
PyObject *PyNumber_Positive (PyObject *0)

R[5 o, GIRKEM, iR[E] NULL . S84rF Python k3 +o.
PyObject *PyNumber_Absolute (PyObject *0)

R o fZaHE, WM, 3R] NULL. 84T Python k= abs (

PyObject *PyNumber_Invert (PyObject *0)

R o ARSI R, PR, R[] NULL, 54T Python ik ~
PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)

R[] o] 7e7% 02 ANHURFIRHISER, WRKNG, SR NULL, 48T Python ik o1 << o2,
PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)

R ol F58% 02 AN HRFGHIER, WARAKM, &[9 NULL . 24T Python ik o1 >> o2,
PyObject *PyNumber_And (PyObject *ol, PyObject *02)

R ol Fll o2 “HAr 5" WISHR, WIRKM, &M NULL o 24T Python #iki{ ol & o2,
PyObject *PyNumber_Xor (PyObject *ol, PyObject *02)

R ol Fl o2 “HEALFEL” WISER, WRAKM, =M NULL . 4T Python ik o1 ~ o2,
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PyObject *PyNumber_Ox (PyObject *ol, PyObject *02)
R ol Flo2 “HAIE” MEER, WIRAKNG, &M NULL . S4rT Python ikl ol | o2.

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)

R ol o o2 FIMMEER, WK, R NULL. 4 of SCHEH, X/NEHEREH MR 0
F Python 15A] o1 += 02,

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
RIE ol . o2 MIIAIEER, WERKM, iR8] NULL o 24 of LFF, XABS E R H T ra R, S
F Python i&H] o1 —= 02,

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
R[T ol \ o2* FAFHYER, wRKM, B NULL. % *ol SFFit, XAEEE B EHrLER.
ZE4T Python 18/4] o1 *= 02,

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject ¥02)
B ol | o2 BIEIEFVEIRINEE R, WRAENL, IRW NULL o 24 of SCRRR, XMz B EM B iy
gEi L4 T Python #54] ol @= 02,

3.5 B HhfE

PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
R ol BRPA o2 ) FICBERISER, AR, R[]l NULL. 24 of SCRRRS, XANZ B EM N E i
EH . ST Python 1B4] ol //= 02,

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
R[N ol BRPA 02 f—AEHIAGITIMA, AR, 3R IEI NULL. SRS, Oy b il o —
AERME, AATRERA 2 g HBOR SR AT S XA R EOR I A RE RO BRAS 2 O . 24 of 32
FRf, XA B E A e 4

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

R[] ol RPA 02 FREIAAREL, WK, 1R B] NULL, 24 of SCHERT, XAMEHHZE A E AL, &
#rF Python i&4] o1 %= o2,

PyObject *PyNumber_InPlacePower (PyObject *0l, PyObject *02, PyObject *03)
HES RN ERE pow ()« WIS, JRE] NULL, 4 of SHimt, XABE BN EHEEESR. 24 03
zEPy None Hf, 24T Python i54) ol **= o2; WM THEJF AL E MAFEE A pow (01, 02,

o WIREZWE 03, W Ary_None (f£A NULL £ S38ERENFUIN).

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
R ol 7e#s o2 ARG RIZEAL, ARG, GRIEI NULL. 4 of SCRPRT, XANEH B EM N B ifrs
Ho ZFMT Python iEH] ol <<= 02,

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
RIE of 1585 02 A ARG IR, WAL, RIE] NULL. 4 of 2R, SXANZ B B0 © iE 17 4h
H. EHT Python 54 o1l >>= 02,

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
JEEI IR ] o 102" $EA1457 FLESR, JRIGIHR ] NULL. 7E of SCRFRVHIHE FIZiRIER Rk iidT. &
#r5 Python i%H] o1 &= 02,

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
WINEIE of 7l 02 > Helir RIUMYHER, KIGBHER NULL. £ of SCRHURIHE FBARERF FOLIIT. %
#r5 Python {57 o1 "= o2,

PyObject *PyNumber__InPlaceOr (PyObject *ol, PyObject *02)
IR IE] o I 02 7 $EALE FEER, RIMETIRIE NULL. 1 ol SCRERRIHE FIZEAER ReidT. 55
#rF Python i&/4] o1 |= o2,

PyObject *PyNumber_Long (PyObject *0)
SIS IR ] o AR REEON GG R AR, R RE] NULL. 41T Python Kik=t int (
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PyObject *PyNumber_Float (PyObject *0)
SIS IR ] 0 BEARRIF RN R IISEAR . JRIGINFR [E] NULL. S5 Python ik £loat (o) .

PyObject *PyNumber_Index (PyObject *0)
IR ] 0 FE46y Python int FERJSYLEAL, ARIMFIR[E] NULL H-5] % TypeError F.

7 3.10 At 2 The result always has exact type int. Previously, the result could have been an instance of a
subclass of int.

PyObject *PyNumber_ToBase (PyObject *n, int base)
R [ EEEY n A DA base S EE FATER G RIS R . XA base ZHULHE 2, 8, 10 8l 16 . XX
2, 8, 516, R FAFHRE 2 BN _EHEAR R ‘Ob', 100", or "0x ', IR0 AR Python HJ %
$int T, WS PyNumber_Tndex () BEHBRIT.

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
R 0 MR BN MRREAL, &I o el ili—A> Py_ssize_t (HWUS IS5 R . QAR R, &1l
-1 G K
TR o W] PARE 4Ll Python int 28 {H 2238543 Py_ssize_t {H ] £x5| & OverflowError, XM} exc

ZHCNERE | KRR B2 IndexError B OverflowError), 15 exc S5 NULL, NFH<
B G I B HS WS BB PY_SSIZE_T_MIN B IE3% PY_SSIZE_T_MAX,

int PyIndex_Check (PyObject *0)
W 02— DRGIEEL (f7A nb_index i EFFA tp_as_number LA H) WLR[E] 1, AHWGR[E 0 o X
N ES PR @

4 F3mil

int PySequence_Check (PyObject *0)
MR R F AN ML, BREORIA] 1, BRI 0. R ERNEA __getitem_ () J5¥ARY Python
PRI 1, BRAFENTR dict BT, BUNE— MO0 T ToiAs e B R SCR AL . IR B2 2l
7.

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)

FIWRHAR R 0] 751 o AR GAYRIC:, RIBURNR ] -1, XA T Python ik Len (

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
IR ] o I 02 P, JRMUNIRE] NULL. JX&EHT Python ik ol + o2,

PyObjecl *PySequence_Repeat (PyObject *o, Py_ssize_t count)
REFFFIRR 0 B count IWINER, KRIMIEFR R NULL, XM Python £ik o * count.
PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)

BEHRE] of Fl 02 (P2, RIMATIR ] NULL. 7 of 2RI OL N HAER R e i, X 48T Python
Hikik ol 4= o2,

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return the result of repeating sequence object 3% [Al JFH KI5 0 T count IRIILETR:, JIGHHR A NULL., 7F
o SCRFRIE L T 24 E S R SE M. X4 T Python #ikx o *= count.

PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t i)
R o FHHYES i SICE, RMIIR ] NULL. XSEHrT Python ik o [1]

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_til, Py ssize_ti2)
REFHIRTG 0 1 il B 2 Y] f, RIGETIR[F] NULL. 3X 24T Python ik o[i1:i2].
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int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
FEXR v IR(ESS 0 105 i SI0R . RG] & H IR -1; MR R 0. XAH24T Python i/
o[i]l = v. BLEREL RABUEXT v IvEIH .
WK v o NULL, JCERAPMER, E2IREoyae i, M4 rysequence_Delltem ().

int PySequence_DelItem (PyObject *o, Py_ssize_ti)
MIERXT S 0 956 i ZoeE . RIMEHRE] -1, XAH24 T Python iF/4] del ofil.

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
RIS v IAEZE P HX S o BIM il B 2 Y]y o XA T Python ifif] o[11:12] = v,

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
MR FFIRT S 0 BN il B 2 Y] . R IRE] -1, 3XAH24F Python i4] del o[i1:12].

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
W& [E] value 75 o I BLIUCEL, BIIRIEIETS o [key] == value WSERIECRE. RIGHFRE] -1, XAHY
F Python ik 0. count (value).

int PySequence_Contains (PyObject *o, PyObject *value)
W€ o A value. AR o "PIYHE—TTET value, MR 1, FHIGRIE 00 HFHHS, &0 -1, XAH
24 Python A, value in o.

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
RAIZE—RE] %, o o[1] == value. 45, IRM] “-17 . #H247TF Python ] “o.index(value)“Fik
%L

PyObject *PySequence_List (PyObject *0)
R — BN RS G, HNEES P sl T R AR o MR, RIGISHER [A] NULL. 3% [0l 51 R ARE 2 — 8
X5, XEMTF Python £iks 1ist (o).

PyObject *PySequence_Tuple (PyObject *0)
R E—ATeHN G, KNS FPA SRR o #HIF], KRIGIRI NULL. 405 o oo, WPRFR [
—ASHIGIA, FEHAE O R IE 2 N AR — e . X SR T Python ik tuple (o) .
PyObject *PySequence_Fast (PyObject *0, const char *m)
TS AT AT o 1E WM PySequence_Fast* SO I HIXT SR, AR %A S 25
RS, ME5I% TypeError F4f m AN E SR . RIMIEHR [A] NULL.
PySequence_Fast* HREZ T AX @A, SR NEMNSKRE o & —PyTupledbject
s pyListobject HEHBEVIN o IR B .
2 CPython {SEBLANTY, WK o CER—MFHIBSER, ERFpEER N .
Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
Tt o PySequence_Fast () i&[H H o Ak NULL MIIE N MR E o K. AT DA ETE o L
HPySequence_Size () RIREK/N, [HREPySequence Fast_GET _SIZE () MEETEH, HAHEH
PMERAE o FFRETTA
PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
1t o fiPySequence_Fast () IRIAH o A NULL, HH id 55 REHE N RO TR E] o (5 i 5 I0HK.

PyObject **PySequence_Fast_ITEMS (PyObject *0)
1% [5] PyObject 84T 1 JZ84H . KX 0o Py Sequence Fast () 1&[H H. o 2} NULL,

THTERL, ASRB RN, F 0 BC R] BE S HOR E N7 items K4 L, SRS JCIA R iy R 30
(1 R XA i

PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t i)
R[] o (5 | AN TCEBAER AR NULL, BRI PySequence_GetItem() Hiff, (HARLKL o
EWpysequence_Check () BENEM, WALXTFZIATIHE.
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7.5 BREHMIY

%N PyObject_GetItem()., PyObject_SetItem() 5PyObject_DellItem(),

int PyMapping_Check (PyObject *0)
TARRT SR PEW S PSRRI R E] 1, BWERE 0. WHERERENAAR __getitem () K&
(1) Python Z&ix [a] 1, P W7E— ﬁil‘*ﬂ?ﬂﬁ%@%i”ﬁ@?i’ihﬂﬁ%*ﬁé IR AU 2 BT

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
IR IR o Fr e ECE:, IR ] -1, 3XAH24 T Python $2ik5K 1en (

PyObject *PyMapping_GetItemString (PyObject *o, const char *key)
R[] o HOXH N TP A key FUJCER, BUF RN IR ] NULL. XA T Python ik o [key]. HiifZ

Il also PyObject_GetItem().

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
TEXGE o R FAFE key BRTEIME vo RIGINHRE] -1, XA T Python ifih] o [key] = v. HiHS
Wpyobject SetTtem(). MeR%EL RAHHIN; v T .

int PyMapping_DelItem (PyObject *o, PyObject *key)
M Z o TR XSG key WY WEGT, JICET R M) ~1. 3XAH 24T Python 15 4] del olkey]. iX

BPryobject_Delltem() H— R4 .

int PyMapping_DelItemString (PyObject *o, const char *key)

MR o HRZERFATHR key BUBRIS . RIIFIR[E] -1 XM 24T Python if4] del ofkey].

int PyMapping_HasKey (PyObject *0, PyObject *key)
TSRS G B A B key WIIIR[E] 1, FIR[E] 00 SXAH4 T Python ik key in oo HEKELE RS
iz

WHEBAEEH _getitem__ () Jy ¥ B KA 09 5 0 R & 0058 . 2R BOAS 1R R A5 O ok
FHPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
AN R G B AT B key WIR 0] 1, AR ] 00 3XAHY T Python FikK key in o. MPREERSMK
Tihdr

WHEBEWA _getitem__ () J7F &M H &£ M55 20050l 2208 BURT 32 4535 X
HPyMapping GetItemString ().

PyObject *PyMapping_Keys (PyObject *0)
IR, RIS o RS, RIS, R [8] NULL,

TE 3.7 O FEZ A, BEeR R [B]— 31 e .

PyObject *PyMapping_Values (PyObject *0)
S, RIS o HEERISIZR . RIS, 1R [8] NULL,

1E 3.7 BOEE: FEZ ARAS T, ek R[] — 2R socdl .

PyObject *PyMapping_Items (PyObject *0)
I, RIS o A HRSIR, Hha A H R — S ENRITH. RN, &I NULL.

1E 3.7 BOEH: FEZ AIRAS T, BEeR Bk (o] — a1 R socdl.
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7.6 XA 2RI

AR R

int PyIter_ Check (PyObject *0)
R[] true , RIS o SCRRAAAFILATIE

PyObject *PyIter_Next (PyObject *0)
REER o 1R —AME. XRAZ LA GXP IR F A ) . AR BCA R FRE, Mk [E
NULL H HABLE & . WRAEPRIUS H A4 146 5%, MR [0 NULL Hf AL 55 .

BOEREGRE — A DEER, C AU MIZE ARG

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

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

}

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

/* release reference when done */
Py_DECREF (item) ;
}

Py_DECREF (iterator);

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

}

7.7 il

1t Python #f A] fiff ] — L8305 5o A B W iR J2 N AR B BB 2 0P D7 1) B  RAFE N B 1) bytes M
bytearray A &—2840 array.array AP KA. 5 =J7 LAl fEL 8 T HFIARY HAYI 2 L ENTH
CRRAL, BT T I BAE BB 4 .

BRI A & — R H CAYIE S, (BEATRA T BEROR R A Gt X SRR S R RAE . PR L
DU, A BT % b DX o v e A

Python PAZZ + ¥ FEAAE C JZ LR MEIXAERIRE . LML 38 M7 T

o FEATEEIR I, REBPT AR A g XN, ATATFERRZZWIKER . %
L 38 IA8ME EAE Buffer Object Structures —5 713

o TEIHSRE M, A JURN AR THASRR 0 0 s R = A i ha 5 (Blan—AIrikmig 2 ) .«

BRI bytes Al bytearray 2L T HIE A ATEE 1HIREZEMX . (T 2 H Al
Jat; I array.array FPATFIG TR AT LR ST (.
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B FARIR . G2 X3 1 AR G AT DA R b AoV SR 2 B 5 Bl H B8 i X et
XF O E AT, AR ORI H X R

s EHIEFRZSECRI M Pyobject_GetBuffer () ML

e WHPyArg ParseTuple () (S{HFFIG 2 —) HAEA v*, wr or s* #4 X KA HHE—A,

TEXPFMEI T, UAFEEE KN WA PyBuffer Release () o WIRMEIERI, TTHESSHL
FhFTRE, 05T R O -

7.71 ZhRX L

Geop XG5 (B TR HLAR A “buffers” ) b5 iE AR A 75— DRTZ AFF 45 Python 27 AR A . B
AT ARAEZFE DL oLl S8R B A5 WA RE T, 7T RAR 2 5 s AT ) 450405 22 45 Python )7
e WAEATDAZ C PRI I — AN KI5, W DURTEE B B R G E Z Bl THRAE R s A3k
B P DA RAR I AL AR R S A £t -

5 Python fERELS AT R ZHBHRE BN, Zrh XA ZPyobject FREFT &R AT C 451 XM EAT
FIPAAEH (AT B B AN A . 4 TRE R G vh DN F iz B AR ), W DA A AL RS .
ARXUWMMHEHFFHNROEEUWY, HSHZ PR3 24848, BRREPRENE, S
RlPyObject_GetBuffer ().

type Py_buffer

void *buf
F6 1)t G X 7 B ) 2 s 25 T AR i 48 EE . X T DA S5 R IS 2 W PR N A7 B A AT A o
fian, MR st rides {HR]fedg ] NAFRIIER R .
XtFcontiguous | &PEE’ B, {HIS I NAFHAF k.

void *obj
XX R EIH. RSIHIAMERAENA, HlPyBurfer Release () HBRIIRE N
NULL. %FB5F TAEMIbRIME C-APT pR%L R M.
VE R — MRS, ST HPyMemoryView FromBuffer () B{PyBuffer FillInfo () fi
I temporary Evp X, HWEE K NULL, ##, SHMSEAEM T TE.

Py_ssize_t 1len
product (shape) * itemsize, XTSI, X&RMNAAHAEKE . XITIEESEE, 0
RBPEEEE R R ELFRER, WK ERFLAZKE.
24 2% ot X2 3 of PR IE 7% 22 PE 09 3 SR AR B, A 15 A ((char *)buf) [0] up to

((char *)buf) [len-1] W A H & R ZEE R T, LI K’ HPyBUF_SIMPLE
BYPyBUF_WRITABLE,

int readonly
Gt KR N A SRS . LT Be PyBUF_IWRITABLE FRab il .

Py_ssize_t itemsize
BANTCEMI KN (PAFTTNEAL). 5 struct.calesize () P IE NULL format B{EFHIE .
HEGI b A R 3 oK 1 22 op K& A PyBUF_FORMAT AR, format ¥§i% ¥ A NULL,
fHitemsize ARG LM IIME.
MR shape FE4E, NIAHZEM product (shape) * itemsize == len {JSRTFEAE, (HifHFEATLA
i itemsize RFPMEMNIX.

M shape 5& NULL, KN R&5R-HPyBUF_SIMPLE B{PyBUF_WRITABLE ig3K, W HUHMZA
M&itemsize, HRIX itemsize == 1,
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const char *format
1 struct BLHREREE P NUL 2458, R RATNA . X2 NuLL, ek "B

1 2

(571 -
WF Bt PyBUF_FORMAT Fr5da il .

int ndim
The number of dimensions the memory represents as an n-dimensional array. If itis O, bu £ points to a single
item representing a scalar. In this case, shape, strides 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
An array of Py_ssize_t of length ndim indicating the shape of the memory as an n-dimensional array.
Note that shape [0] * ... * shape[ndim-1] * itemsize MUST beequal to Ien.

Shape JEARKLAL I BE R A2 76 shape [n] >= 0 . shape(n] == 0 B MK S HIM .
L5 S Fcomplex arrays |

shape FA0r T FH 2 R ibi 2 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 AR ACAL AP EOE AT VAOMATAT A TR AL, IRl o o I8, (E2 & LA e AL
Ml strides([n] <= 0§, EZ(FEEIWZS M complex arrays

The strides array is read-only for the consumer.

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) Wi i T X Fr2 BBl R 2. &S fcomplex arrays &1 ffnn]
M EE D TR .
suboffsets K4S T I R Bl H B2
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.
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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 7, buf, len,
itemsize, ndim.

readonly, format

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 O,
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 (unsigned
bytes).

BAK, HiE FIRBE

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 ok |5 | ThRBE
PyBUF_INDIRECT = = LIE SRl
PyBUF_STRIDES = = NULL
PyBUF_ND = NULL | NULL
PyBUF_SIMPLE NULL | NULL | NULL
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ELEERYIEK

C or Fortran contiguity can be explicitly requested, with and without stride information. Without stride information, the
buffer must be C-contiguous.

ER 2R | IR | FiRBE | E

2 2 NULL
PyBUF_C_CONTIGUOUS e A= u C

= 2 NULL F
PyBUF_F_CONTIGUOUS = A= u

= = v F
PyBUF_ANY_CONTIGUOUS e NULL C =k
PyBUF_ND = NULL | NULL C

Ak
B AR HRAS Ly b SIS PR 5 X W LRI, R HBLR G T O AL 2
i

In the following table U stands for undefined contiguity. The consumer would have to call
PyBuffer IsContiguous () to determine contiguity.

K R [ S8 | ThRBE W [ A | s

=) =, = my =
PyBUF_FULL | = WARTFERE | U 0 H

= = == b = =
PyBUF_FULL_RO 7= = WARFERE | U 10 | &

H H. =
PyBUF_RECORDS = = NULL §] 0 H

= = > =
PyBUF_RECORDS_RO = = NULL U 1500 | 2

2 | B NULL U 0 NULL
PyBUF_STRIDED

=] =] =p
PyBUF_STRIDED_RO | NULL U 150 [ NULL

=
PyBUF_CONTIG 7 | NULL | NULL C 0 NULL

= t
PyBUF_CONTIG_RO = | NULL | NULL C 15 0 | NULL
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7.7.3 EZHA
NumPy-R#&: FERFOEIE

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 st ridesis 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, buf 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
o
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

imin = sum(strides[j]* (shape[j]l-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+titemsize <= memlen

PIL-R#E: ek, SIRFIFRBE

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]. Insuboffsets representation, those two
pointers can be embedded at the start of bu £, 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:
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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; 1i++) |

pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = * ((char**)pointer) + suboffsets[i];

}

return (void*)pointer;

7.7.4 ZHAXEXERH

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—>0bj to NULL and return —1.

On success, fill in view, set view—>ob7j to a new reference to exporter and return 0. In the case of chained buffer
providers that redirect requests to a single object, view—>obj 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
tomalloc () 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 RE.

int PyBuffer_IsContiguous (Py_buffer *view, char order)
Return 1 if the memory defined by the view is C-style (order is ' C ') or Fortran-style (order is '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). 0O is returned on success, —1 on error.

This function fails if len != src->len.
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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 orderis ' 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 exporter and return O. Otherwise, raise
PyExc_BufferError, set view—>0b]j to NULL and return —1;

R B R B A getbufferproc ()—ER45 . W exporter W E R T A5, I HbWAER BT
1&358 flags. TN, exporter Wojis& NULL,
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A I BRI BURR 2 TR 28 Python X 4 388, IR BB SAL A EADEAR B — N s R EM
Python & FH2IE]— X%, (HAHE T B4 BA IEMAERL, WM e a8 88 B, Baxt
SRAERNTH, EHHPyDict_Check (), ARIEAYLEMIZET Python X5 IERIM) “ Kt

e BORARTE TR Y BB S AT AR A AL AR G288, (HRH P42 MR SR E L AN R 2R
A NULL, Feiff& A NULL 0] G858 N 477 ) S8 MR 2R 1) 37 BN 24 1 o

8.1 BEAMR

Atk Python ZERUNS A FA—SLBIN 4t 5 None.

8.1.1 Type &

type PyTypeObiject
WG C 4544 H T4A built-in 2854,

PyObject *PyType_Type
SRR T type X410 type object, E7E Python J2T Al type AR,

int PyType_Check (PyObject *0)
WERM G 0 jR—ADERERXE, WK TIRERTIXT R EBLH), RIIEE. FEHEA R TR
[\ 0,

int PyType_CheckExact (PyObject *0)
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.
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unsigned long PyType_GetFlags (PyTypeObject *type)
Return the tp_ f1ags member of fype. 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_ f1ags itself is not part
of the limited API.

3.2 B fE.
Tr 3.4 MU PR 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)
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)
Generic handler for the t p_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 O 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 slot argument.
An exception is raised if fype is not a heap type.
3.4 i ChRE.

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 FRIgE.
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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 rype has an associated module but its state is NULL, returns NULL without setting an exception.

3.9 B fE.

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)
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_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 mod-
ule 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 PyType_Ready () on the new type.
3.9 FrhRE.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
Equivalent to PyType_FromModuleAndSpec (NULL, spec, bases).

3.3 B HE.
PyObject *PyType_FromSpec (PyType_Spec *spec)
Equivalent to PyType_FromSpecWithBases (spec, NULL).

type PyType_Spec
Structure defining a type’s behavior.

const char *PyType Spec.name
Name of the type, used to set PyTypeObject . tp_name.

int PyType_Spec.basicsize

int PyType_Spec.itemsize
Size of the instance in bytes, used to set PyTypeObject.tp_basicsize and PyTypeObject.
tp_itemsize.

int PyType_Spec.flags
Type flags, used to set Py TypeObject.tp_flags.

If the Py_TPFLAGS_HEAPTYPE flag is not set, PyType_FromSpecWithBases () sets it automati-
cally.

PyType_Slot *PyType__Spec.slots
Array of PyType_S1ot structures. Terminated by the special slot value {0, NULL}.

type PyType_Slot
Structure defining optional functionality of a type, containing a slot ID and a value pointer.

int PyType_Slot.slot
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A slot ID.

Slot IDs are named like the field names of the structures Py TypeOb ject, PyNumberMet hods,
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:

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 PyType_Spec and PyType_Slot under the limited
APIL:

s bf getbuffer
* bf releasebuffer

Setting Py_tp_lbases 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 PyBuf ferProcs 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&

WYL, None [JPyTypeObject A& HEFE Python / C APT /A FF . fiF None @B, WX EARR (F8
CHiffifl ==) #2W¥ T. HFRFEWIERE, BH PyNone_Check () R,
PyObject *Py_None

Python None X4, FRit=(i. XMRFEEH . BFEGT] AT FEA BT AT 4
Py_RETURN_NONE

IEfALER B C BN Py_None iR (M2, 3N None 5| HTTEOTRIFIE )
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8.2 FEMR

8.2.1 ERBMR

A BB ME R RN R BB R

TE A B, K Z % PyLong_As* API JR A (R B K &) -1 , S — B85 Ko k. il
M PyErr Occurred() X4y,

type PyLongObject
R Python BERI R pyOb ject FRAL,

PyTypeObject PyLong_Type
XAPyTypeObject KSR Python FEEHEA ., 55 Python 2 int A,

int PyLong_Check (PyObject *p)
MRS E PyLongObject B{PyLongObject W T2A, 1&[A| true ,

int PyLong_CheckExact (PyObject *p)
MRS ZPyLongObject (HEAREPyLongObject WT28A, i&[H true,

PyObject *PyLong_FromLong (long v)
1 v iR [El—ASEr Py LongObject XT% R IR [E] NULL

LT SEIAES T AR R AL, B -5 Al 256 Z A FTA BB SR . 24 URTEX AT Rl P A
—/>int [, SEFR E %?UE’JE*’WTE%XT%E’J%[H%

PyObject *PyLong_FromUnsignedLong (unsigned long v)
1 C unsigned long 25 Z03R ] —ANHi Py LongObject X4, JIEHHR[A] NULL .

PyObject *PyLong_FromSsize_t (Py_ssize_tv)

M CPy_ssize_t BARLRFE—/AHPyLongObject N4, WM N F] NULL .
PyObject *PyLong_ FromSize _t (size_tv)

M Csize_t R&[E—AFHPyLongObject X4, QRN E NULL ,
PyObject *PyLong_ FromLongLong (long long v)

M C long long 1% [Al—Fi i PyLongObject X4, KRIGATIR[A NULL .
PyObject *PyLong_FromUns ignedLongLong (unsigned long long v)

M C unsigned long long & [/l — N Hi Py LongObject X4, IR ] NULL .

PyObject *PyLong_FromDouble (double v)

My R AR Bl — N Py LongOb ject X4, WK MU [ NULL .

PyObject *PyLong_FromString (const char *str, char **pend, int base)
WA str “FAFERELR [l — NPT Py LongObject , base $i§5E B4 WA pend ANJg NULL , /*pend Fi4i
I str R XA RIS TS — AT F . AR base J& 0, str FF{f 1] integers 7 SORMERE; TEIX
MG, — N IEZRHEEHRECP AR E 251 K> valueError o QIR base ANJg 0, ‘BEMAIE 2
%ﬂ 36 ZI), F4E 2 F1 36, EECUIIAT G A KB Z RIS 258% . BRI 2% . IR A 4L

, 5|k valueError,

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)

FEFAFH u i) Unicode 207 81l 45 Python HEAK (K -
3.3 B e

PyObject *PyLong_FromVoidPtr (void *p)
MAGE p B]7#—> Python ¥4, MDAl PyLong_Asvoidptr () iRIEIAFREHH.
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long PyLong_AsLong (PyObject *obj)
Return a C long representation of obj. If obj is not an instance of PyLongObject, first call its __index__ ()
method (if present) to convert it to a PyLongObject.

MR obj YR S T long HYTEH, £5]K OverflowError.
KA IRBHRE -1 . {FHPyErr _Occurred () il L.
15 3.8 R AR AT R __index_ ().

JE 3.10 JiR BE gk This function will no longer use __int__ ().

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
Return a C long representation of obj. If obj is not an instance of PyLongObject, first callits __index__ ()
method (if present) to convert it to a PyLongOb ject.

If the value of 0bj 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.

KAESRERI] -1 o A PyErr_Occurred () HiHb L.
TE 3.8 CHE i WA AT AR __index_ ().
JE 3.10 JiR BE i This function will no longer use __int__ ().

long long PyLong_AsLongLong (PyObject *obj)
Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index___ () method (if present) to convert it to a PyLongObject.

Raise OverflowError if the value of obj is out of range for a long long.
KRR -1 . flilPyErr_Occurred () RHEL.

TE 3.8 U e ansml R __index_ ()

1E 3.10 iR 5 : This function will no longer use __int__ ().

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__ () method (if present) to convert it to a PyLongObject.

If the value of obj 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 O and return —1 as
usual.

KALEIRBHRE -1 . {FHPyErr_Occurred () i L.
3.2 Fi e

1 3.8 BOE S AR AT AR __index_ ().

FE 3.10 JiR BE gk This function will no longer use __int__ ().

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 for a Py_ssize_t.
KA R R -1 o I PyErr_Occurred () RIHEL K.

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.
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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 fora 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__ () method (if present) to convertitto a PyLongObject.

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 R B WHER AT HRHH A __index_ ().
TE 3.10 iR 5 ¢: This function will no longer use __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obyj)
Return a C unsigned long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () method (if present) to convert it to a PyLongObject.

If the value of 0bj 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 B AR AT PR __index_ ().
TE 3.10 it 5 ¢: This function will no longer use __int__ ().

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.
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8.2.2 RIMKR

Python )1 R (B R A A B0 12858y . U Py_False #l Py_True WZRME. P, IEHAEIE
ARSI REAE I TR fE. (22, FAERTH.
int PyBool_Check (PyObject *0)
W 0 BZEHLH PyBool_Type, MIR[H true.
PyObject *Py_False
Python [f) False WREAIEM L, EFEMHEMISR—FERIET | T4
PyObject *Py_True
Python (¥ True Xt REAEATIT L, EFEMHAMITR LG5 T4
Py_RETURN_FALSE
MEREGRI Py_False I, SREIGMERNTIHIHTEL

Py _RETURN_TRUE

MERHEGR [ Py_True I, FF2SEIEMTIHTE

PyObject *PyBool_FromLong (long v)
MR v I SEBRfE, AR [El—4~ Py_True B3 Py_False M5

8.2.3 FREMR

type PyFloatObject
XA C A pyobject B FHRAMFK A Python iF Fi N 4.
PyTypeObject PyFloat_Type
XRMNET CFRAMpyTypeobject HUFK Python ¥ RSB, FE Python JZTHIFZEAL float 2]
— 5.
int PyFloat_Check (PyObject *p)
L) SHE—A C KB pyrloatobject i# & C KMpyFrloatobject WFAHRMET, REH.
int PyFloat_CheckExact (PyObject *p)
Ui S R — N C RMpyFloatobject (AR CRAMPyFloatobject B FRMNS, RIAH.

PyObject *PyFloat_FromString (PyObject *str)
AR TR sor (I R)E— A PyFloatobject, RIMMFIRM NULL.

PyObject *PyFloat_FromDouble (double v)
R v AlEE— N PyFloatObject X4, KEHTRA NULL.,

double PyFloat_AsDouble (PyObject *pyfloat)
& [a]—A~ C double {3 pyfloat )N % . Q1R pyfloat A~ j&—A> Python % SO LR AA __float__ ()
Ik, Jﬂzﬁiﬂ‘:ﬁ%?ﬁ%ﬁiﬂ}ﬂ K5 pyfloar FEH I —DEOEE MR __float_ () A LK ELER F
__index__ (). WUEREW, HIHERRE -1.0, BHHEEN YA PyErr_Occurred () Rtk
B
TE 3.8 R B W AT HRH#H __index_ ().

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
R [El—A~ pyfloat WL C double F7, HEA FE RAL A

PyObject *PyFloat_GetInfo (void)
R [l —A> structseq L1, HAEAT K float BURTEE . S/ MERIERERIE R . Bk float .h iy
— Ay AL

double PyFloat_GetMax ()
3 [ 5 R AT R AT BR P R % DBL_MAX y C double .
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double PyFloat_GetMin ()
I 1 e/ NAT 7R A — AR IR 50 DBL_MIN “}j C double .

8.24 FHMR

M CAPL %, Python [ G2 th PR AT » SEBL: —27E Python A2 )5 /il i) Python X4, 55 by
s MMUERHIERBIER C Z5M A, APLER{E T s OL R BRI

FTREHE C &l

it LT R AR IR 2 IX S R A S ROT UM S RIR B R R 8, #RR L 5 AT R EEr. oA
T HA APL

type Py_complex
X2 —XF Y. Python 52 EO6H G ETR/ 1 C SEHMA . 47 Ab AT BS00 G 1) eR B T X S AL 4544
R A BCE i e, BT RiE SO

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
R E A HW A, ] C2RAUPy complex IR,

Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
RPN E R ZE, ) CRBPy complex iR,

Py_complex _Py_c_neg (Py_complex complex)
IR BB complex WAE, ] C2Bpy complex FIn.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
R P AL E AR, ] C 2K BPy_complex FiR,

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
REIPANEZENTET, H CRABPy complex KiK.
W divisor Rz, I EIREIZEHKE errno S5 EDOM,
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
IR B num W) exp K&, i C2EHBpy complex FTin.
A0S num SR 75 H exp RN IESERL, XA AR5 errno iy EDOM,

FREHE Python 3k

type PyComplexObject
XA C LA Pryobject HTHAMAK— Python ZHIR .

PyTypeObject PyComplex_Type
XA ET C EM ey Typeobject U Python ZHEER K SLH]. I Python JZ MK complex j&
] — X5

int PyComplex_Check (PyObject *p)

WREMSERZ N CEBlrycomplexObject B #F & C FBPyComplexObject MFHRA, k|
B,

==
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int PyComplex_CheckExact (PyObject *p)
WREMSHE—4 CEMPyComplexObject HAR C RAMpyComplexObject K TR, &
=

PyObject *PyComplex_FromCComplex (Py_complex v)

s C KA Py complex BEAEM— I Python S04 .
PyObject *PyComplex_FromDoubles (double real, double imag)

HRYE real 1 imag 1z [B]—/N) C 22 pyCcomplexObject W4 .
double PyComplex_RealAsDouble (PyObject *op)

PA C 27 double 12 [0 op HYSEFD.

double PyComplex_ImagAsDouble (PyObject *op)
PA C 27 double 3&[1] op [F] HETHS -

Py_complex PyComplex_AsCComplex (PyObject *op)
BRI op 1) C HBpy_complex fH.

W op RJ2—4> Python ZHixt %, (HRHA __complex_ () ik, WHEHFHEILWMA, ¥
op ¥k —> Python E 4. MR __complex_ () K& XMKFFHLHRE _ float_ (), W
__float__ () REXNPEFELEEZE __index__ (). WM, R -1.0 VER5e%k(E.

TE 3.8 U B ARl R __index_ ()

8.3 FFIIMR

FPAUS R I — A AR R — 2 e s AT 704 Python 157 [ IR KB A 4R

8.3.1 FHMR

BT RS EAN NI IE S PO R, XL A5K TypeError,

type PyBytesObject
AP yObFect I THIFER—A Python S 4.

PyTypeObject PyBytes_Type
PyTypeObject HSHIZE—A Python FH7 A, 7E Python ZHIE 5 bytes @MFEIHIXR .

int PyBytes_Check (PyObject *0)
MR R 0 RF AR RECF LR 7B LB, WHRIE true.

int PyBytes_CheckExact (PyObject *0)
SRR 0 BT IWNR, (AR TR TRARSLH], IR M true,

PyObject *PyBytes_FromString (const char *v)
IR Bl —AS AR v I EIASH T8 42, R iR [ NULL. JEZ v AR[4 NULL; B
ARG o

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
I IR (8] —AN AR v BRI AS (B HAJE R len B3 9% 42, RIURHR [A] NULL., #I3R v
NULL, WIAHIGALTF TR RINE

PyObject *PyBytes_FromFormat (const char *format, ...)
B~ Cprinte () MUY formar FAFRAIMTAMIRIGSH, L5 Python vt &hy kN IF
R E SHUEEAF AT R FATER R R . ARG SEUL A C A HAMIE IS format 7455
RS AT . SRV R SIS A £
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%% RiE A LF% FAF

%c int — AT, BFER A C il E A

%d int YT printf ("sd").!

Su AR | ST printf ("su") ]

$1d KA YT printf ("s$1d").T

$1u AP KB | 24T printf("s1u").

$zd Py_ssize_t MX4T printf ("szd").!

$zu size_t MY T printf ("$zu").!

$i int M4 T printf ("sim) .t

$x int MY T printf ("sx") T

$s const char* DA null 2 450 C 4754

%p const void* —A C et SRR RIE . BEASN T printf ("sp") HE
SHRRAFIE 0x F-kk, NMRRG T4 L print £ [ 24

TeIER B P A 2 FECRAR U TR BRI AR T WA IEREE B B4R/ R, I ZFIA 2 RS
B

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
YPyBytes_FromFormat () SE&AH, BT EFEWNTSEL.

PyObject *PyBytes_FromObject (PyObject *0)
IR 0] AT FIR LG AR R 0¥,

Py_ssize_t PyBytes_Size (PyObject *0)
R EFATR G o FPEE TR RE

Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
TR PyBytes_Size () (H@ AR o

char *PyBytes_AsString (PyObject *0)
REIXSLY. 0 BYINA RS . ZARHTRE o FYNERZ X, HH 4 len(o) + L AT, ZnpIXK)
BE—PFEWRRNE, NMEREAATEHMA TN IR A TESERTE AR E L, Bk NI 1
PyBytes_FromStringAndSize (NULL, size) BIEHZNISA . EARHRE DAL (0H o IRANE
—FIENR, WeyBytes AsString () ffi&[H] NULL 5| K TypeError.

char *PyBytes_AS_STRING (PyObject *string)
FAM PyBytes_AsString () (HRAHH AN .

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
% AR buffer Fil length 3R [B] DA null Sy 2% (EFFIXTS obj BN % .
HISE lengh 49 NULL, F AT GBAQEHAM BT Y WREH, WERHAHER -1 363 %
ValueError,
R 51 oby (BN, EMA TR E— MO0 T (RFHLE length %151 . VR LR
EM RSB, BRIEENI{#H PyBytes_FromStringAndSize (NULL, size) GIEHZNTA. B
ATTHAE I AR obj IRAA R —DFIAERXR, MeyBytes AsStringAndSize () Ffiklu] -1
H5| K& TypeError,
16 3.5 IR DART, M5 R AR % F P3| % Typesrror,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
TE *bytes FENEH TS, HAP W ETRINE] bytes 1) newpart NZS s VR E I PASHIG]IH . X
bytes JFAHI G| HIREREUS ] . QR TCIEQIEERTRT S, X bytes (1 IHG | TSR0 25 H. *bytes IEARF N
NULL; FHRFAE B 24 1 53

VS THRAGRIIAF (4, u, 1d, lu, zd, zu, §, x): MZHRERRE, O FARRE AN

8.3. FFIIMZR 89



The Python/C API, %% 3.10.0a0

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
TE *bytes "PRIHGHH) T RN G, Hh Q&3S E] bytes 1) newpart F)NES . BURAS 2820 newpart 15|
L

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
B FATER RN —FP 3, RIS AT R ey U TR B F AT e 4 RS
T ERAE A 1 AR TR A3 C RN W] ke e i R A 24 R G i 5 BSOSl — U 30 ) ok e
FHRE . AN IA TR RIS value (BETTRESHEAN), HEAGEH RN 2
IF, *bytes FEAFHMUE R/ NG FATHRXF I IRIE] 05 *bytes Tl AT 68 -5 Hf AMER R AN SR EHT
LRI, W *bytes E R IEFAT ER R GORF RS 70T, *bytes AN NULL, [ E MemoryError
Hagm -1,

8.3.2 FHHHEMR
type PyByteArrayObject
XANPyObject BFIPMFEIR—> Python "FHr4HXT A .

PyTypeObject PyByteArray_Type
Python bytearray 287 IR APy TypeObject HISEHRI; X5 Python ZHHY bytearray EAHE N4,

KBRER

int PyByteArray_Check (PyObject *0)
XL 0 Je— TR RN g — T R AR RSB, R IA .

int PyByteArray_CheckExact (PyObject *0)
BRGE 0 B FAAIN G, (HAR AP RAIIA TRB LRI, R .

E# APl B3

PyObject *PyByteArray_FromObject (PyObject *0)
FRAEAEAT LI T 22 oF R0 BIXER o, aR Bl —ASE ) 58X R
PyObject *PyByteArray FromStringAndSize (const char *string, Py_ssize_t len)
F4E string M HAKF len G172 —N17) bytearray X742, 242 Mgt iR [B] NULL,
PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
BT VRCA a F b IR Il — AN AT S5 R HTY 7 BA
Py_ssize_t PyByteArray_Size (PyObject *bytearray)
TERIAR NULL 468451 J5 1R[] bytearray HR/]N.
char *PyByteArray_AsString (PyObject *bytearray)
A A NULL 1841 53R 101 bytearray 1R 8] R— A7 o IR 0] 402 S @ BRI — MM 2575

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)

¥t bytearray 1) NTBGE M IX [ K INEEE A len.,
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M

XEETARGE A TE DA IUERE , AT A RS .
char *PyByteArray_AS_STRING (PyObject *bytearray)
C pKipyByteArray AsString() WZERZAR,

Py_ssize_t PyByteArray_GET_SIZE (PyObject *bytearray)
C ¥ (PyByteArray Size () WZERA .

8.3.3 Unicode Objects and Codecs

Unicode Y&

Since the implementation of PEP 393 in Python 3.3, Unicode objects internally use a variety of representations, in order
to allow handling the complete range of Unicode characters while staying memory efficient. There are special cases for
strings where all code points are below 128, 256, or 65536; otherwise, code points must be below 1114112 (which is the
full Unicode range).

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.

* "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 APL

it 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£HY

These are the basic Unicode object types used for the Unicode implementation in Python:

type Py_UCS4
type Py_UCS2

type 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 HiRige.

type 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 JiREE 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.

type PyASCIIObject
type PyCompactUnicodeObject
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type 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 B e
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 *0)
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 BRI HE.

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” represen-
tation (not checked).

3.3 FrihtE.

Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *0)

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
PyUnicode_KIND () to select the right macro. Make sure PyUnicode_READY () has been called before
accessing this.
3.3 B IhE.

PyUnicode WCHAR_ KIND

PyUnicode_1BYTE_KIND

PyUnicode_2BYTE_KIND

PyUnicode_4BYTE_KIND
Return values of the PyUnicode KIND () macro.
3.3 B IIhE.
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND is deprecated.

int PyUnicode_KIND (PyObject *0)

Return one of the PyUnicode kind constants (see above) that indicate how many bytes per character this Unicode
object uses to store its data. o has to be a Unicode object in the “canonical” representation (not checked).

3.3 B RE.
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void *PyUnicode_DATA (PyObject *0)
Return a void pointer to the raw Unicode buffer. o has to be a Unicode object in the “canonical” representation
(not checked).

3.3 B

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 BRI HE.

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 .

Py_UCS4 PyUnicode_READ_CHAR (PyObject *o0, 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 B .

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 B .

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py_UNICODEFE 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
tousing PyUnicode_GET_LENGTH().

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *0)
Return the size of the deprecated Py_ UNTCODE 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
tousing PyUnicode_GET _LENGTH().

Py_UNICODE *PyUnicode_AS_UNICODE (PyObject *0)

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).

TE 3.3 MU B This macro is now inefficient -- because in many cases the Py_ UNTCODE representation 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 *0)
Return 1 if the string is a valid identifier according to the language definition, section identifiers. Return 0 otherwise.

T 3.9 JR B R The function does not call Py_FatalError () anymore if the string is not ready.
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Unicode =&

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 c/ is a lowercase character.

int Py_UNICODE_ISUPPER (Py_UNICODE ch)
Return 1 or 0 depending on whether c# is an uppercase character.

int Py_UNICODE_ISTITLE (Py UNICODE ch)
Return 1 or 0 depending on whether c# is a titlecase character.

int Py_UNICODE_ISLINEBREAK (Py_UNICODE ch)
Return 1 or 0 depending on whether ch 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 ch 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 c#/ 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 ch 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:

Py_UNICODE Py_UNICODE_TOLOWER (Py UNICODE ch)
Return the character ¢ converted to lower case.

3.3 s E.#8%: This function uses simple case mappings.

Py_UNICODE Py_UNICODE_TOUPPER (Py_UNICODE ch)
Return the character ch converted to upper case.

3.3 iR J5 E#5%: This function uses simple case mappings.

Py_UNICODE Py_UNICODE_TOTITLE (Py_UNICODE ch)
Return the character ch converted to title case.

3.3 {5 EL #8048 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.
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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 <= O0xDFFF).

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)
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 BRI HE.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
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 BRI HE.

PyObject *PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
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.

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)
Create a Unicode object from a UTF-8 encoded null-terminated char buffer u.

PyObject *PyUnicode_FromFormat (const char *format, ...)
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 ASCII-encoded string. The following format
characters are allowed:
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%% TN ¥ %o FAY o

$c B AR, Rk C i%%é’ﬂi@%ﬂo

sd E%| MY T printf ("sd").f

su iR £ 4T printf ("su") !

$1d KA HHF printf ("s1d") .

$1i KA LT printf ("s1i") ]

s1lu TAF SRR H24T printf ("$1u™).!

$11d long long FHYSTF printf("$11d dmy T

$11i long long M4 T printf("s11im).]

$11lu T4 5 long long MY T printf ("s$1lu").!

$zd Py_ssize_t MX4T printf ("szd").!

$zi Py_ssize_t MY T printf("szi").T

$zu size_t MM T printf ("szu").!

51 Al ST printf("sim)

o % Fx 70 MY T printf ("sx").!

$s const char* PA null 252 A7) C ?f—’fﬁ[éﬂ

sp const void* —A C AT NIRRT EASEMT print £ ("sp")

EE%’%%W\?E{E 0x JFk, AERGT-E L printf K
4.

SA PyObject* ascii () FEHMSR.

$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).

TE 3.2 iR HE PR Support for "$11d" and "$11u" added.
TE 3.3 fRHE 2 Support for "$14", "$11i" and "$zi" added.
JE 3.4 JRFEPL: Support width and precision formatter for "$s™", "$A", "SU", "$V", "$S", "$R" added.

PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
Identical to PyUnicode_FromFormat () except that it takes exactly two arguments.

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char

*errors)
Decode an encoded object obj to a Unicode object.

bytes, bytearray and other byfes-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.

! For integer specifiers (d, u, 1d, 1i, lu, 1ld, 1li, 1lu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.
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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

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 Fri e
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 FrhR e

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 BRI HE.

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 BRI HE.

PyObject *PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return a substring of str, from character index start (included) to character index end (excluded). Negative indices
are not supported.

3.3 B .

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 BRI HE.

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 BRI HE.
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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)
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 migrate
to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

PyObject *PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)
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_UNICODE¥* string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.3 BRI HE.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using PyUnicode AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Return the size of the deprecated Py_ UNICODEFE 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
tousing PyUnicode_ GET _LENGTH().

PyObject *PyUnicode_FromObject (PyObject *obj)
Copy an instance of a Unicode subtype to a new true Unicode object if necessary. If 0bj 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.
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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)
Decode a string from UTF-8 on Android and VxWorks, or from the current locale encoding on other platforms. The
supported error handlersare "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.
Z W

The Py _DecodeLocale () function.

3.3 B Hhe.

JE 3.7 i 2 The function now also uses the current locale encoding for the surrogateescape error handler,
except on Android. Previously, Py_DecodeLocale () wasused for the surrogateescape, and the current
locale encoding was used for strict.

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)
Similar to PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen ().

3.3 Fse.

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)
Encode a Unicode object to UTF-8 on Android and VxWorks, or to the current locale encoding on other plat-
forms. 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 IIE.

JE 3.7 i B The function now also uses the current locale encoding for the surrogateescape error handler,
except on Android. Previously, Py_EncodeLocale () wasused for the surrogateescape, and the current
locale encoding was used for strict.

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 () as the 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 PyByte-
sObject* which must be released when it is no longer used.
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3.1 FTR I RE.
e 3.6 ML ez — R E 2R 2,

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 PyUnicodeObject* which must be released when it is no longer used.

3.2 FiiTEe.
16 3.6 UL $32—Rab 2t 2

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)

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.

JE 3.6 RN Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_DecodeFSDefault (const char *s)

Decode a  null-terminated  string using 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.

TE 3.6 it : Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

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_FileSystemDefaultEncodingisinitialized at startup from the locale encoding and cannot be modified
later. If you need to encode a string to the current locale encoding, use PyUnicode_EncodeLocale ().

S
The Py_EncodeLocale () function.
3.2 FhRE.

JE 3.6 fJREEL: Use Py_FileSystemDefaultEncodeErrors error handler.
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wchar_t Support

wchar_t support for platforms which support it:

PyObject *PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
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 weslen. 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 .

TE 3.7 i P 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 systems,
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)
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 st r () 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

*errors)
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)
Encode the Py_ UNTCODE 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 UNICODE 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)
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 )
If consumed is NULL, behave like PyUnicode_DecodeUTFS8 (). If consumed 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)
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 BrRIIHE.
T 3.7 iU 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.
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3.3 Frihfe.
JE 3.7 IR FE P The return type is now const char * rather of char *.

PyObject *PyUnicode_EncodeUTF8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
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 AsUTF8AndSize () 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)
Decode size bytes from a UTF-32 encoded buffer string and return the corresponding 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: big 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 *byteorderis -1 or
1, any byte order mark is copied to the output.

After completion, *byfteorder 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)
If consumed is NULL, behave like PyUnicode_DecodeUTEF32 (). If consumed 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 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

byteorder)
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 O, 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.
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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 AsUTF32String () or PyUnicode_AsEncodedString().

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)

Decode size bytes from a UTF-16 encoded buffer string and return the corresponding 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 *byteorderis -1 or
1, any byte order mark is copied to the output (where it will result in either a \ufeff or a \uf f fe character).

After completion, *byfteorder 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)
If consumed is NULL, behave like PyUnicode DecodeUTF16 (). If consumed 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 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

byteorder)
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 UNICODE value may get represented as a surrogate pair. If it is
not defined, each Py_ UNTCODE 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 UNTICODE 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)
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)
If consumed is NULL, behave like PyUnicode_DecodeUTF7 (). If consumed 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)
Encode the Py_ UNTCODE 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 UNTICODE 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)
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)
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)
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 UNTCODE 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

*errors)
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)

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.
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PyObject *PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Encode the Py_ UNTCODE buffer of the given size using Raw-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_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)
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)
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)
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 UNTCODE 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)
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)
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)
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 ().
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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)
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 O 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, OXxFFFE or '\
ufffe', are treated as undefined mappings and cause an error.

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
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)
Encode the Py_ UNICODE 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 UNTCODE 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)
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. Un-
mapped 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

*mapping, const char *errors)
Translate a Py_ UNTCODE 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_UNICODE API; please
migrate to using PyUnicode_Translate (). or generic codec based API
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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)
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)
If consumed is NULL, behave like PyUnicode_DecodeMBCS (). If consumed 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)
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)
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.

PyObject *PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Encode the Py_ UNICODE 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)
Concat two strings giving a new Unicode string.

PyObject *PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
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)
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)
Join a sequence of strings using the given separator and return the resulting Unicode string.
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Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int di-

rection)
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 direction)
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 direction)
Return the first position of the character chin 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 B Tfe.
TE 3.7 B 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 oc-
curred.

PyObject *PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
Replace at most maxcount occurrences of substr in str with replstr and return the 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, respectively.
It is best to pass only ASCII-encoded strings, but the function interprets the input string as ISO-8859-1 if it contains
non-ASCII characters.

This function does not raise exceptions.

PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Rich compare two Unicode strings and return one of the following:

e 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_FEQ, Py_NE, Py_LT,and Py_LE.

PyObject *PyUnicode_Format (PyObject * format, PyObject *args)
Return a new string object from format and args; this is analogous to format $%$ 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 (decre-
menting 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
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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)
A combination of PyUnicode_FromString () and PyUnicode_InternInPlace (), returning either a
new Unicode string object that has been interned, or a new ("owned”) reference to an earlier interned string object
with the same value.

8.3.4 LMK

type PyTupleObject
XAPyobject BFRAME—A Python FTCAHXIE .

PyTypeObject PyTuple_Type
PyTypeObject LB F—"1 Python JLAZEAL, X5 Python JZTH Y tuple A FEIXIE .

int PyTuple_Check (PyObject *p)
WA p 22— A TCHX G BCE TCH LA B S, AR ] A

int PyTuple_CheckExact (PyObject *p)
R p 2— DTN G, MAR—DICH TRARY B, R b EE .

PyObject *PyTuple_New (Py_ssize_t len)
Return a new tuple object of size len, or NULL on failure.

PyObject *PyTuple_Pack (Py_ssize_tn, ...)
Return a new tuple object of size n, or NULL on failure. The tuple values are initialized to the subsequent n C argu-
ments pointing to Python objects. PyTuple_Pack (2, a, b) isequivalenttoPy_Buildvalue (" (00)",
a, b).

Py_ssize_t PyTuple_Size (PyObject *p)
Take a pointer to a tuple object, and return the size of that tuple.

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
Return the size of the tuple p, which must be non-NULL and point to a tuple; no error checking is performed.

PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
Return the object at position pos in the tuple pointed to by p. If pos is out of bounds, return NULL and set an
IndexError exception.

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Like PyTuple_GetItem (), but does no checking of its arguments.

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return the slice of the tuple pointed to by p between low and high, or NULL on failure. This is the equivalent of
the Python expression p [ low: high]. Indexing from the end of the list is not supported.

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Insert a reference to object o at position pos of the tuple pointed to by p. Return 0 on success. If pos is out of
bounds, return -1 and set an IndexError exception.

{fi#:  This function “steals” a reference to o and discards a reference to an item already in the tuple at the affected
position.

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
Like PyTuple_SetItem (), but does no error checking, and should only be used to fill in brand new tuples.
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{Ifi#t:  This macro “steals” a reference to o, and, unlike PyTuple_SetItem (), does not discard a reference to
any item that is being replaced; any reference in the tuple at position pos will be leaked.

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)

Can be used to resize a tuple. newsize will be the new length of the tuple. Because tuples are supposed to be
immutable, this should only be used if there is only one reference to the object. Do not use this if the tuple may
already be known to some other part of the code. The tuple will always grow or shrink at the end. Think of
this as destroying the old tuple and creating a new one, only more efficiently. Returns 0 on success. Client code
should never assume that the resulting value of *p will be the same as before calling this function. If the object
referenced by *p is replaced, the original *p is destroyed. On failure, returns —1 and sets *p to NULL, and raises
MemoryError or SystemError.

8.3.5 Struct Sequence Objects

Struct sequence objects are the C equivalent of namedtuple () objects, i.e. a sequence whose items can also be
accessed through attributes. To create a struct sequence, you first have to create a specific struct sequence type.

PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Create a new struct sequence type from the data in desc, described below. Instances of the resulting type can be
created with Py St ruct Sequence_New ().

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
Initializes a struct sequence type type from desc in place.

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
The same as PyStructSequence_InitType, but returns 0 on success and —1 on failure.

3.4 B fE.

type PyStructSequence_Desc
A E AR S P B LR

1 C xR BX
name const char * A e
doc const char * pointer to docstring for the type or NULL to omit
fields PyStructSequence_Fieldpointer to NULL-terminated array with field names of the
* new type
n_in_sequenceint number of fields visible to the Python side (if used as
tuple)

type PyStructSequence_Field
Describes a field of a struct sequence. As a struct sequence is modeled as a tuple, all fields are typed as PyOb-
Jject*. The index in the fields array of the Py St ruct Sequence_Desc determines which field of the struct
sequence is described.

i | CxA BX

name const name for the field or NULL to end the list of named fields, set to
char * PyStructSequence_UnnamedField to leave unnamed

doc | const field docstring or NULL to omit
char *

const char *const PyStructSequence_UnnamedField
Special value for a field name to leave it unnamed.
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TE 3.9 iR The type was changed from char *.

PyObject *PyStructSequence_New (PyTypeObject *type)
Creates an instance of fype, which must have been created with Py St ruct Sequence_NewType ().

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return the object at position pos in the struct sequence pointed to by p. No bounds checking is performed.

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Macro equivalent of Py St ructSequence_GetItem().

void PyStruct Sequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Sets the field at index pos of the struct sequence p to value o. Like PyTuple SET_TTEM /), this should only be
used to fill in brand new instances.

/. This function "steals” a reference to o.

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
Macro equivalent of Py St ructSequence_SetItem().

{:f#t: This function “steals” a reference to o.

8.3.6 FIRIR

type PyListObject
XA CE A ryobject BT ALK —> Python F X R .
PyTypeObject PyList_Type
XN BT PyTypeobject HJHFK Python 513K LB . 7E Python JZHIAIZEAL 1ist 2 [F—Xf
e
int PyList_Check (PyObject *p)
MR p e —DINRI R 2 — P ERLER R TR, RFEIH.
int PyList_CheckExact (PyObject *p)
B p R —MIIRNG, ER N ed KL 7RG, RE
PyObject *PyList_New (Py_ssize_t len)

ST ] — AN EEA len FFTA S, JIIRF IR [9] NULL.

Wi 24 len KT ZH, #R B RS0 H B NULL. [ ARAR
B pPysequence_SetItem() WIS APl 5{E H C Kk PyList_SetItem() fHF)fﬁIﬁ
SO GHR Python AR AFF XX 4R .

Fl——\

Q_O
\ME‘Q

Py_ssize_t PyList_Size (PyObject *list)

R[] list FHNFXS R EE; X FTIEP RN RV len (1ist) o
Py_ssize_t PyList_GET_SIZE (PyObject *list)

BN C ¥ PyList_Size () , ARG,

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
kI8 list Fir 48 B index {7 B LTS . ALEAEMUR IE AL TSEH/\)J'H@K% 1&51. i
index FBH I H (<0 or >=len(list)), NIk [E] NULL X E IndexError i,
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PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
FIAR) C Py List_GetItem() , WA HRK

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)

hﬁﬂ%*%‘?@ljﬂmdexEl’JIﬁmjﬂttem SIS IR [E] 0 o AR index 8 H R M3 ] -1 HE IndexError
S o

AR MRS “fil” — X item BT HIFFEFE— AR R Z P E R EA K H AT .

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, Py Objecr *0)
AR BN A Py List _SetTtem (). JXMHE RGN THH R P2 WA WA AL E HEATIH
Tt

iR %S ik —A%titem W51, H5PyList_SetItem() NEMRE =& EFNHTM B
B HWGI M A list 14 i 08 TS | SRR i 25 o

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)

F25 B item $H A BB list RE1S index Z BIHINLE . IR BIRFRE 05 AR WR A -1 H3%
BE—PNRE. 4T list.insert (index, item),

int PyList_Append (PyObject *list, PyObject *item)
FEXFG item PSIMBIGFR list WA . QERBIFFIRIE 05 WA E] -1 H&E . Y
F list.append(item).

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
R AXF RN, W list 2457 T low FI high Z 1A R4 . WSS ) AR [6] NULL I35 & 55
T list [low:highl, ASCRIMIIFRKEHITRT.

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
W list 2470 low 5 high 2 18] /Y] F K itemlist (N2 FH24 T 1ist [low: high} = itemlist - itemlist

A PASH NULL, FORBEN— 2502 (MY ). aehRE 0, KR o IXHEALFFMTY
TR L %9]
int PyList_Sort (P}Objecz *[ist)
XI list 2% H AT IR HHE Y o IR 0, 2R Mk o AT list.sort ().
int PyList_Reverse (PyObject *list)
Xt list R 4% H #- 7 IR s s . sk ] o, R R o XEHEMT list.reverse ().

PyObject *PyList_AsTuple (PyObject *list)
B — A G %, Hod e dr list INE; ZEMT tuple (1ist)

8.4 FAMR
8.4.1 FHIUK

type PyDictObject
XA~Pyobject HFRBUEE—4> Python FHXIR .
PyTypeObject PyDict_Type
Python MR KIR N Py Typeobject LA, X5 Python ETH Y dict 2AHIFE XS4 .

int PyDict_Check (PyObject *p)
WA p & TR T IS A L], R ] F
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int PyDict_CheckExact (PyObject *p)
MR p 2 M GEAN 2 IR A TR AR S, R o

PyObject *PyDict_New ( )
R [E]—ASE YA, GG R[] NULL.

PyObject *PyDictProxy_New (PyObject *mapping)
&M types.MappingProxyType X4, T ubHl AT AT MBI 3338 & T A @ E LAY I
BRI F
void PyDict_Clear (PyObject *p)
B2 B B I A S
int PyDict_Contains (PyObject *p, PyObject *key)
ﬁ%nz key Je B AL EAET M p o AR key DERC L p (36—, MR 1, IR O o GRI] -1 Fons i
X4 AT Python 3 ﬁJﬁ key in p.
PyObject *PyDict_Copy (PyObject *p)
W[ p A0SR R SRR )
int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
B key VEIBERTF val SN T po key WA hashable; WIRAE, WIF5I% TypeError. WISk 1]
0, RMGgmfzml -1, ek T/\]Kﬁ”rﬁ'XT val 151

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
B0 key 14 B KF val 48 A F| F M po key V24 04 const char*, f# X R 2 A
PyUnicode_FromString (key) A, WENMGEM 0, KGR 1. HEE T & 3T val
1.

int PyDict_DelItem (PyObject *p, PyObject *key)

BIRTI p BER ey HIZ H o key AU AT AHY ﬁu%m M£5]% TypeError. Wi
WAT key, MEH| K KeyError. WIINRM 0, KR

int PyDict_DelItemString (PyObject *p, const char *key)
BlR 73 p i AT ER key FEERVERI S H o WERTFHAEA key, WET|K KeyError. B IR N
0, KR E -1,

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
TS p AR 1A key S SERRTSE . WEREES key AAFAE(R BA BLE— N5 H WK M) NULL.
FEEEWR, WH _hash__ (0 M _eq (0 FEFAMRE RS M B, %

JPyDi ct_GetIt emWithError () SRR .

7E 3.10 it 5P Calling this APT without GIL held had been allowed for historical reason. It is no longer allowed.
PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)

PyDict_GetTtem() RN, BARGEMFH . M55 K AERFRFRE NULL Jf LCE-— 59 1R

SEORNFEAENGR ] NULL 3 HA SRS — D7

PyObject *PyDict_GetItemString (PyObject *p, const char *key)
X5PyDict_GetItem() —kE, {HZ key #{35E N const char*, T ANZ PyObject* .,

TR, W __hash__ () . _eq () HEMEE— MR FAFRXTRET LR T AL
Wi . S PyDict_GetItemWithError () PR .

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
X Python 2T dict .setdefault () —Ff. QIR key £77E, EIRPITEF M p BN AIE. W0

BERIEAE, TARE defaultobj #ﬁ_jﬁ/\ﬂﬂ 8] defaultobj . XA-PRECAITE key MG Ay BRE—K, 10
RRAEB A AR A

3.4 BiifE
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PyObject *PyDict_Items (PyObject *p)
AR o] — A A T E TN Py ListObject.,

PyObject *PyDict_Keys (PyObject *p)
AR [ A 5 S BT i (keys) B PyListObject.,

PyObject *PyDict_Values (PyObject *p)
R o] — NS F L BT A {E (values) i PyListObject,

Py_ssize_t PyDict_Size (PyObject *p)
R F IR H A, SFETX T p (] Len () o

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)

AT p R ITAT SEAERT o TESE — VR MR BOT Rk A2 1T, th ppos TS| Y Py_ssize_t WA
BeWIRIL R 05 RRECRE N T ML A B BT AR 0 EAE, — BT SR DR 58 SR MR [ R (. &
Z: pkey Rl pvalue [N Y445 17] PyObjecr* 288, "EATRF7> B B RAMEDR IS, 838 thn] A NULL,
W EAN R AAT A5 S E R G o ppos FEEAUIVIIBIA . B RY(E R U S A5 A T 14 i

oht, HHmTARMEN, FI WA,
Bilan:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
/* do something interesting with the values... */

}

UL p A RLIZAE PR A AR B . A PP e, R R LA, RAURT IR AGAK

AEE . Bl

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 = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;
}
Py_DECREF (0) ;
}

int PyDict_Merge (PyObject *a, PyObject *b, int override)

NS GE b HEATIEAC, RHE(EXT AN EN F 8 a. b AT DUR— AT, BT X FfPyMapping Keys ()
flpyobject_GetItem() MIXIS . WIR override EAE, WANRLE b 4R FAH R BN o HHEAFAER
A BEAE XTI R i, 75 AN SRAE @ Fp 9 MR ] g 0] R R A I B (0 . 24 T if iR ] 0 Bl 2451 %
SRR A -1,

int PyDict_Update (PyObject *a, PyObject *b)

X5 C W) pyDict_Merge(a, b, 1) —#, WHEKMLIT Python H1 (¥ a.update (b), Z=HITE
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TryDict_Update () FE5 A SH% A "keys” J& M BT A 2 MR 3 16 ARSEEXT P51 24 B2 R
[l 0 B3 45| K SRR E] -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
K seq2 Y SEAEX R B S HF BT I a. seq2 WAUA AN 2 B IR AN A TC R 1Y PR AR 42

MAFAE R EES, AR override Eﬁﬁﬁ'ﬂﬂi}:tﬂfwﬁﬁﬂitﬂ LRI ] O B 25 ] R 5 IR (]
~1. ZHrHy Python HLRS (GREIEERSL)

def PyDict_MergeFromSeqg2 (a, seg2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = value

84.2 E&W&K

—E TN T set Fl frozenset XF R A I APL, AFA0] KA 1 51 i i Py e e 4 2 08 F 52
St & i (5 F5Pyobject_callMethod (), PyObject_RichCompareBool (), PyObject_Hash(),
PyObject_Repr (), PyObject_IsTrue (), PyObject_Print () PAMPyObject_GetIter()) 8&Hh
LW F I (B $5PyNumber_And (), PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor (),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr () PA
K PyNumber InPlaceXor ()) ¥ifhl,

type PySetObject
XAPyobject T REPKIRSF set il frozenset MR WL . BRBI T PyDictobject,
PR T/ N R S A R BT R I e K/ (IR TCH A r20) I HAT T SRR RS R Ak U e
Ko ) B W] AR I AR (TRAGSRIGFAH 7 20) o IR I BOR I B R A 9 BT g &
AP . BT TR N 2408 B A SR APTSRIEAT, TS L o B S A v i) £

PyTypeObject PySet_Type
XR— A PyTypeobject SEf, F/n Python set 257,

PyTypeObject PyFrozenSet_Type
XE—APyTypeoObject 52, 3é/R% Python frozenset 2%,

AN RIS A 8 TG AL Python XPRAGHREE. MBI, X LAY it ok B thE ) AL W I XY Python
X5

int PySet_Check (PyObject *p)
W plg—1 set XT%&%%E?%’@@E’J;&WWU CIRSK(=R

int PyFrozenSet_Check (PyObject *p)
MR p @—A frozenset XTREH & H TR SL B 3K [0 ELAE .

int PyAnySet Check (PyObject *p)
Wk p 22— set W%, frozenset WR N E 2 H T SLFI )& 0] EAE .

int PyAnySet_CheckExact (PyObject *p)
W p J2—4> set MR frozenset XFGAHA &A1 S 3R 0] B

int PyFrozenSet_CheckExact (PyObject *p)
R p &—1 frozenset MR HEHALZ E?*EAB’J%WJD’U EIRSK(E

PyObject *PySet_New (PyObject *iterable)
REl—AH set, HA LR iterable FT iR X5 o iterable W] DAH NULL Fon ] @ —SHi S E 6.
ﬁJZIjJHTL_IEl%‘ﬁEI’J%A RIGHTHR ] NULL. Qi iterable S2F5 A @ PIERXT RG] & TypeError. %
Mg tih T 9 DISE G (c=set (s)).

PyObject *PyFrozenSet_New (PyObject *iterable)

A — ) frozenset, HPALE iterable TR M XI5 . iterable W] DA A NULL FRRnB)H— N H
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SHRGEA . WEIRNR I REEES RGN R R NULL. #1R iterable S5 _EA R AT IR RN

&% TypeError,

FHRENZE T set B frozenset MSEHBIE 2 H IR SLH .

Py_ssize_t PySet_Size (PyObject *anyset)
kA set Bf frozenset MR KJE. ZMT len (anyset) . W anyset N2 set, frozenset B
HA AL N 25| &K PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
FARPySet_Size (), AR,

int PySet_Contains (PyObject *anyset, PyObject *key)
QAR FNLR A 1, GURARAFH R M 0, WERBEBN RN E -1, A[FET Python __contains__ ()
W%, WRECR 2 BRI A A R I R G S e MR key AT G AR R &5 &
TypeError., I anyset ~JE set, frozenset B TR EFIN ST & PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
NN key B]—A~ set 526, AT frozenset LBl (R TryTuple SetIitem(), ERIHHHR
RAFREE I OHE AT HAB RIS Z BH A 2 HE) o BEEFRE] 0, RIGHHRI —1. G2 key AN
G ARG N 25| & TypeError, WREA MK ZS BN 25k MemoryError, U ser N2 set 5§
HyRAR BN L5 % systenError,

THREGE T set BRG], (HAFHT frozenset BHFRARSLHA.

int PySet_Discard (PyObject *set, PyObject *key)
WRKFIERRRRM 1, RKELH CHE) &M o, AEREIRNRE -1, X T RFEEREAN
45|k KeyError, ﬁ[]% key NATMSZE NS N&5] & TypeError AT Python discard () ik,

WERBOR 2 H SRR PTG A I S B A R IR N R G5 S B . TR set g set &ﬁ?%’@ﬁiﬂﬁ;&mWA
5% PyExc_SystemError,

PyObject *PySet_Pop (PyObject *set)
R[] set FAL X RIFGIH, FEM ser PREBRIZXTG . R E] NULL. WUEREGHE N 25K
KeyError, I set @ set s HARAWSLHIN£5] % SystemError,

int PySet_Clear (PyObject *set)

T 25 B 7 L B A BT

8.5 EHHMR

8.5.1 FHINR

A —LelE T Python bR AU R AL
type PyFunctlonObject

BRI C gt
PyTypeObject PyFunction_Type
X & — A PyTypeObject SLAIF KR Python pREZEAL . AN types.FunctionType [n] Python 2
AT
int PyFunct:Lon Check (PyObject *0)
2R o RO CRA N PyFunction_Type) WERIEIE(H. BZLIAN NULL,

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
B )5 AR code KIRAHER BN R o« globals AAJFZE—AF 3, % BREAT AT IF) 42 Jay e B

MACTE X G FR PR B R S SCRY AT R & B . module_ 23\ globals WP32EL . 23§ defaults, annotations
Ml closure ¥4 NULL, __qualname__ 52455 eREA4 FRAH [F] 4 1A -
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PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
K pyFunction New (), {Hif ARV ERECT S _ qualname_ J@1%. qualname >4 2 unicode
_JRHERCH S _name_ JEMEM FAYME.

3.3 e
PyObject *PyFunction_GetCode (PyObject *op)
1R )5 R EOR R op KIRAY RSS2

PyOb/ect *PyFunction_GetGlobals (PyObject *op)
IR [H] 5 R AION A *op* AH IR AY 42 Ry it

PyObject *PyFunction_GetModule (PyObject *op)
ST MO 42 op (1) __module_ JEME, TBHA— MO T HIAFRIG TG, (HATRAE S Python fAF
BRI B HABAE X 42

PyObject *PyFunction_GetDefaults (PyObject *op)
[l R FON S op IS ECBRINE . X 7] LU — DS HOT4 s NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
SHERECT % op ESEERINE. defaults Vo5 Py_None B{—JG4 .

RIMIG % systemError S iR [A] -

PyObject *PyFunction_GetClosure (PyObject *op)
I ] KR E RO 5 op (AL, X W] A NULL B cell %R AYTTH .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
WE KR REOT 4 op WAL, closure Whilik Py_None 5{ cell X4 T4 .

RG] % systemError H IR -1 .

PyObject *PyFunction_GetAnnotations (PyObject *op)
AR [0 BREORT S op AR . X AT PASE— AT AR ke NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
WEREON S op IFRYE . annotations WA R — 7 HEL Py_None,

LRIt E| % SystemError B IHIRM -1 .

8.5.2 LB EMR
LBIJr ik pyCrunction AR, MEKpyCrunction SRR G M. EBA TR

1 PyMethod_New (func, NULL, class).

PyTypeObject PyInstanceMethod_Type
APy Typeobject SLHIfLF Python SLBITTIAIA . "EFHFAXF Python FefF AT
int PyInstanceMethod Check (PyObject *0)
WS o RSLHITTIEX G KB NPy InstanceMethod_Type) WEREIFAH. JEZ AN NULL,

PyObject *PyInstanceMethod_New (PyObject *func)

R Al —ASF RSB IR R, fune WAAEREATIRIXS S, func F5TESLB0 7 g TR e S 6 T
PyObject *PyInstanceMethod_Function (PyObject *im)
IR ] RIREN LB TIE im B R R
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
FIRAW PyInstanceMethod_Function (), W& T 51K,
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8.5.3 HEMR

DI E BRI G IR R S E R — N P A E SRS RIBE TR (BER— ATy
%) EAEATH .

PyTypeObject PyMethod_Type
XAPyTypeObject SEFIALFE Python LA, ‘EAF N types.MethodType [A] Python F2/F AT .

int PyMethod_Check (PyObject *0)
WSk 0 BITEXMGR AU PyMethod _Type) WRIFEIFEAL. JESMAN NULL.
PyObject *PyMethod_New (PyObject * func, PyObject *self')
R El—ASFRIITIER R, fune WOMATEATTAXS S, self g Im AN RSB . FETT IR func
FEVEN R BB o self /AN NULL,
PyObject *PyMethod_Function (PyObject *meth)
1R ] SRR E TV meth [ BREN 52
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
RIAR PyMethod_Function (), WEE T HEGAGN .
PyObject *PyMethod_Sel€£ (PyObject *meth)
AR 1] SEER Y Iy Yk meth 1S
PyObject *PyMethod_GET_SELF (PyObject *meth)
FIAM PyMet hod_Self (), WEE T HRMM

8.5.4 Cell W&

“Cell” MR T LI ZAE G B R XTI A R, —A> “Cell” MG TAFHZE T

Qs SRR HEARAE ALY Ja i ar Hﬁﬁﬂ%ﬁ”‘raﬂﬁxﬁl\jﬁfﬁﬂﬁﬁhlﬁﬁ “Cell” 5. ViM%(E
i, R “Cell” H LS AYEIN A E%E*%XT%ZIK% XA “Cell” XFR AR RIRAAY T I 75 2 SRR IR
MRS DA S B3 ARRBALIX L 7. “Cell” X RAEHAH T nTBEA KA ] o

type PyCellObject
T Cell XF52HY C Zhithik

PyTypeObject PyCell_Type

5 Cell RGN RLIFAURT 52
int PyCell_Check (ob)

AR ob J&—A cell Xf R MR I EAH; ob WUJIA A NULL,
PyObject *PyCell_New (PyObject *ob)

QIR ] — L5 {H ob BT cell M5, JEZ W PASH NULL,

PyObject *PyCell_Get (PyObject *cell)

R[] cell 352 cell NZ .
PyObject *PyCell_GET (PyObject *cell)

1R8] cell XF42 cell WINZS, (BRAKM cell 275 4E NULL 3 H R—4 cell X142,
int PyCell_Set (PyObject *cell, PyObject *value)

R cell XF5 cell (NN value, X FFREARATXT cell XF4 24/ N5 H . valueT PAH NULL, cell
AR AE NULL; W AR —A cell SF PR ] -1, 40535 B ah R

void PyCell_SET (PyObject *cell, PyObject *value)

i cell 542 cell FIEBA value, AN2TEES VTR, I HAN SR AGRIIEZ 425 cell Wh%5H4E NULL
I H A cell 3§42,
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8.5.5 LN

RbBXF5 2 CPython SCBLAMRIANTY o AU B ARG E 2 ek B b iy ] AT AU

type PyCodeObject
FTHERICID AT SRR 1 C G540 . A 7 BERT IS Bk

PyTypeObject PyCode_Type
X E—PyTypeObject Sffi, HFIR Python [F) code FAL,

int PyCode_Check (PyObject *co)
MR co &— code XN [A] true,

int PyCode GetNumFree (PyCodeObject *co)
IR[H] co HHY H HAE AL

PyCodeObject *PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject *filename, PyObject *name, int firstli-
neno, PyObject *Inotab)
BT — A B TS X G, R R R B A RS B % ok BB N RS L i
M pyCode_NewEmpty (). WPyCode_New () B30I AZRE 2 MEM 1Y Python JUAS, P k<715 i
E LA .
PyCodeObject *PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount, int
nlocals, int stacksize, int flags, PyObject *code, PyObject
*consts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject * filename, PyOb-
Ject *name, int firstlineno, PyObject *Inotab)

KT pyCode_New (), {HAFAH—ESM”posonlyargeount” I F-{X FRALE S 4L .
3.8 B e

PyCodeObject *PyCode_NewEmpty (const char *filename, const char * funcname, int firstlineno)
R BA R E 4 . RS TS R S X 5. X T exec () B eval () A A ARSXTS
yo | VAP

8.6 Hfhxtx

8.6.1 3K

XU APTZ X P SCEEXT 41 Python 2 C APT i/ M EL, Bt A48T C ARt E i 22 1/O (FILE*) S(H§,
7 Python 3w, SCEFFNGEAE B 1o Bk, ZBAEEAERZMMBERTLZ P VO 2 FE L TILNZE. K
TRLIT IR B pR O S0 2858 APT I fHE C s, EZH TARREAS 0 N AE el s = s ek
Ml io API,
PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char
*encoding, const char *errors, const char *newline, int closefd)
FRIEC AT SO fd WSO A TR A — > Python SCAXTS: . S%k name, encoding, errors F newline 7] DA
4 NULL /R M HBRIME: buffering TTVASK -1 FoRMEHIBROINEA. name 245 20 (LOR B T 1) 1 3
RIS E] NULL. A RSEERT L, 205 1o.open () EREHSCRY.

B b T Python JiHA H ORI ZE, HILRFENTS OS S HRFHE & &7 A4 Fh R (i
WA AN ) .
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15 3.2 {RCE L 20 name J& 1

int PyObject_AsFileDescriptor (PyObject *p)
55 p RSO IA SRR ]2 int o QRS2 B, R Il A . Q2R B AT, DI Xk 52 1y
fileno () ¥k (WRAFTE) 3 %I ELAUR I — B, BB SRS EDR ] . BEE I
TERW R T -1,

PyObject *PyFile_GetLine (PyObject *p, int n)
HMT p.readline ([n]) , XPRBMIG p P EHR—FT. p AIPARSUFXZEAA readline ()
THREERD e 2R n 2 0, WITCIRATHR BT, #P B —FT. AR n KT 0%, WM ICHF:
OIS n AT AT PAR AT —8B2r o TEXPRMEDL S, QRSB BASCR R, R =3
T HZ, R /T 0, MR KREWTER S BEIR—1T, 2 ARSI EIEIA SRR, W5k
EOFError,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
H# io.open_code () WIEEATH, RHIES @ity Bire y k& ik .
b PR R — N2 WK PyObject *(*)PyObject *path, void *userData HJ R %, H & path Wi {4
“HPyUnicodeObject,
userData $85F 2 AN F TR T8 7 e BT RE i AR A AT IR, 38518 B B34 1) Python
BTN T LI HESF AN, HERTEF R IT T 2 ARE, RIECHMENT RS
RS ZAE sys .modules Al ],
— B TRBOE, AR IR, ZJENPyFile SetOpenCodeHook () HITHHIHAFRIL,
WA MRS O 2 ntl, RECRRIE -1 HFERE— 7.
BEeR B DA e Py Tnitialize () ZHTM .
3.8 HiIfE.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

FEXTG obj B ARG p o flags ME—ZHERFRE/E Py_PRINT_RAW; WL E, WB AXRE str ()
MAZE repr () o WIIHHRI] O, SRR -1, FFBEE R 4 FI5b.

int PyFile_WriteString (const char *s, PyObject *p)
FEFAFER s BASFXN S po BIIRIA 0 MR W] 15 F58E Y 5

8.6.2 {RIRNTHR

PyTypeObject PyModule_Type
This instance of PyTypeOb ject 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 a new module object with the __name___ attribute set to name. The module’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.
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PyObject *PyModule_New (const char *name)
Similar to PyModule_NewObject (), but the name is a UTF-8 encoded string instead of a Unicode object.

PyObject *PyModule_GetDict (PyObject *module)
Return the dictionary object that implements module’s namespace; this object is the same as the _ dict__ at-
tribute 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 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 B fE.

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 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 fE.

const char *PyModule_GetFilename (PyObject *module)
Similar to PyModule_GetFilenameObject () but return the filename encoded to "utf-8’.

32 [RGBk PyModule_GetFilename () raises UnicodeEncodeError on unencodable filenames,
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 re-
sulting module object, or request “multi-phase initialization” by returning the definition struct itself.

type 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.
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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 multi-
ple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ free 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 initialization.

See PEP 3121 for more details.

PyMethodDef *m_methods
A pointer to a table of module-level functions, described by PyMet hodDef 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 HUHE PR Prior to version 3.5, this member was always set to NULL, and was defined as:

inquiry m_reload

fraverseproc 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 imme-
diately 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 O and the module state (as returned by
PyModule_ GetState ())is NULL.

TE 3.9 R FE 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 imme-
diately 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 O and the module state (as returned by
PyModule_ GetState ())is NULL.

7E 3.9 My HE P : No longer called before the module state is allocated.

[freefunc 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 imme-
diately 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 O and the module state (as returned by
PyModule_ GetState ())is NULL.

TE 3.9 B ¥ No longer called before the module state is allocated.
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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’)
Create a new module object, given the definition in def. This behaves like PyModule Create2 () with mod-
ule_api_version set to PYTHON_API_VERSION.

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)
Create a new module object, given the definition in def, assuming the API version module_api_version. If that
version does not match the version of the running interpreter, a Runt imeWarning is emitted.

{Ef#: 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 functions
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 created, and
the execution phase, when it is populated. The distinction is similar to the __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 indepen-
dent: 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___ or individual classes created
with PyType_FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple mod-
ules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDe f instance
with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the following
function:

PyObject *PyModuleDef_Init (PyModuleDef *def)
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 Frhfe.
The m_slots member of the module definition must point to an array of PyModuleDef_Slot structures:

type 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.
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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.

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 dynami-
cally 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 di-
rectly, 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)
Create a new module object, given the definition in module and the ModuleSpec spec. This behaves like
PyModule_FromDefAndSpec?Z () with module_api_version set to PYTHON_API_VERSION.

3.5 FRIge.

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)
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.

{Efit: Most uses of this function should be using PyModule_ FromDefAndSpec () instead; only use this if
you are sure you need it.

8.6. Hihytsk 125


https://www.python.org/dev/peps/pep-0451
https://www.python.org/dev/peps/pep-0489

The Python/C API, %% 3.10.0a0

3.5 BRI HE.

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def')
Process any execution slots (Py_mod_exec) given in def.

3.5 B

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 B

int PyModule_AddFunctions (PyObject *module, PyMethodDef * functions)
Add the functions from the NULL terminated functions array to module. Refer to the PyMet hodDef documen-
tation 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 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 initialization
function. This steals a reference to value on success. Return —1 on error, O on success.

{Ef#:  Unlike other functions that steal references, PyModule_AddObject () only decrements the reference
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 initialization
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, O 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.
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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 tp_name after dot. Return -1 on error, O on success.

3.9 BRI HE.

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)
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 harmless)
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 ise.

int PyState_RemoveModule (PyModuleDef *def)
Removes the module object created from def from the interpreter state. Return 0 on success or -1 on failure.

The caller must hold the GIL.
3.3 B Ue.

8.6.3 XM

Python $24 T NE AR AR . SB— A2 FIE AR, BHMSCR __getiten () HIEMERETFI.
B AEE I AT A G sentinel B, 781 Hr BRI AR XS, FFAER ] sentinel {ELINF 45T
e
PyTypeObject PySeqlter_Type

pySeqTter New () IRPIEAAR N RIEBN RN EFI KB NERE iter O WRSHILA,

int PySeqIter_Check (op)
WM op R FHPySegliter Type N[ true.

PyObject *PySeqIter_New (PyObject *seq)
AR Al — A AL S R — A R seq. T HNT ERAES I K IndexError I, ALK,
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PyTypeObject PyCallIter_Type
Hig$Pycalliter New () fll iter () WERHIMASEOLR R B LR IR RERI L

int PyCallIter_Check (0p)
W5 op B hpycalllter Type MR A true,

PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
R —A B IE R SB— DS callable T DAJRALA AT DATE A S AU U0 96 A 1) Python "ﬁFJHﬂ
W5 BRI RE N AZR ERER PN — N H o 24 callable 3R 2] 55T sentinel IR, £ R4

8.6.4 HIRFFIER

GRFTT R IAXT R IR IR G EAEE T R A R 1 T

PyTypeObject PyProperty Type
NIRRT AN 4

PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)

PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)

PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)

PyObject *PyDescr_NewWrapper (PyTypeObject *type, st ruct wrapperbase *wrapper, void *wrapped )
PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method )

int PyDescr_IsData (PyObject *descr)
WERFAFFXI R descr AKARIRME, WIRE true; WERFHA T, WHRIA false. descr IR AHIRFFAS
2 AR,

PyObject *PyWrapper_New (PyObject*, PyObject*)

8.6.5 Y1 H It

PyTypeObject PySlice_Type

DI X RRAIS R . B9 Python ZTHY s1ice @AM RIS .
int PySlice_Check (PyObject *ob)

W2 ob Z— YT X NR T F A ; ob WA K NULL,

PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
R —AHAT G B E RV X5 . start, stop FI step T2 2395 FAE slice XG4 Frrd @ bER(E . X
BB O AEAr]— R AT DAY NULL, FEsX AP 00T R None AN W B HERIE . AnRBer R ICIE
S BCIIR 8] NULL,

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step)
MBI XF5 slice $EH start, stop Fl step 5145, REJFFK BN length, KT length ()75 544 24 VE
FER

BEIEHRE O, BASHHRE -1 3F HARERE (RIEREATIS A0 None HIGYE S0 3L, 1F
KA EN T 2R E -1 I HEE— 72 )

PR BEAN S FT B0 e R AL

TE 3.2 UM 2 i slice TESHES AR PySliceObject*,

128 Chapter 8. A#FHMMRE



The Python/C API, %% 3.10.0a0

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 () BRI MUIF RIS slice $EHL start, stop Fll step K55, RF/FHH N
A length, FX5Y) B BEORAEAE slicelength v, W Vo IR T 52 DA S E@E Y] — 30 7 Xk 75y
I8

SR E] O, RS R R -1 I HAN SRR

TSR R O T AT AR KN R A R U R AN A X E B TE Y R e Py S1ice _Unpack ()
MPySlice AdjustIndices () BIZHE, H

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

}

SN

if (PySlice_Unpack(slice, &start, &stop, é&step) < 0)
// return error
}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

TE 3.2 UHE R 2 Hif slice BRI SIAJE PySliceObject*,

e 3.6.1 R W Py _LIMITED_API RiXE B XKE N 0x03050400 5 0x03060000 2 |6 HI{H
(AFERFL) 80 003060100 BY B KN |\ PySlice_GetIndicesEx x4 SE 3R — i ] \PySlice_Unpack F
|\PySlice_AdjustIndices W) %% . Z%X start, stop Fl step 29245 RKAH .

3.6.1 UG ELL G W Py_LIMITED_API IXE N/NF 0x03050400 8F 0x03060000 5 003060100
ZIRIE OREFER) W \PySlice_GetlndicesEx SR 57 TR %K .

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
AT F X6} G K start, stop Al step i i R RICH C 8. SF LS KT PY_SSIZE_T_MAX FI{EIE/N
S PY_SSIZE_T_MAX, FHERHLE/NT PY_SSIZE_T_MIN [ start £ stop {HI¥f >k PY_SSIZE_T_MIN,
HEHBRHKS /N T ~PY_SSIZE_T_MAX 1] step (K /) ~PY_SSIZE_T_MAX.
AR A -1, TR E] 0
3.6.1 Bk BE

Py_ssize_t PySlice_AdjustIndices (Py_ssize t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
step

1f start/end Y F R 55 HRAE 1 EI’JJ? 'Ji:f” AT . B TERIR R G5 S A S EE T A — 2K

BT DI
R . AR R S . A& Python RS,
3.6.1 L g
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8.6.6 Ellipsis 345

PyObject *Py_Ellipsis
Python ) E11lipsis X5 . MAREAEMITIE. B AG AT HABRT R —FER 7 2CEET 4L
‘E5Py_None —FEE T HBIR R,

8.6.7 MemoryView &

—A> memoryview X5 CRBIMYLE i Rk v Bge N— DR MGAEATHALN R —#£1£1£ 1) Python X4 .
PyObject *PyMemoryView_FromObject (PyObject *obj)
MARAL 2 b DX 32 O X %2 A1) 88 memoryview ST . W obj ] G2 XS4, M) memoryview %if 4
R ARG, B E AT aEe R, Wbl lds BT e sy s .
PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
5 1 mem VF R Z 5 v XA —> memoryview X4, flags W] PAZ PyBUF_READ B3 PyBUF_WRITE
z—.
3.3 FrihfE.
PyObject *PyMemoryView_FromBuffer (Py_buffer *view)

Bl E — D E G e %o K451 view ) memoryview X 5. X T BB W & b X,
PyMemoryView_FromMemory () %ﬁﬁ]}jﬁo

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
ME G X 22 1 %t 52 61 72—~ memoryview % 4 contiguous NAEHE (76°C’ 8’ Fortran order #) . 1%
WA-EIEZEH), W memoryview XFR G 0] JFAR A 0, S H memoryview $5 ] 7 bytes X5 .
int PyMemoryView_Check (PyObject *obj)
WIS obj J& memoryview X142, NR[E true . H FiA AL memoryview T2,

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
1R[] $§ [7] memoryview [#) 5 H G oh XFLH B A K54 . mview #5552 —1> memoryview SEH; XA
KA ERIEAL, ARt B AR, 5 N ARRE TR 7 Tt U o

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
& [l memoryview Fif Bt T S i X g 45 4, B0 EH W R memoryview & i B

¥ pyMemoryView FromMemory () B{PyMemoryView FromBuffer () BI]7 N iR [0 NULL, mview
WO —A~ memoryview SEf .

8.6.8 8553I AR

Python 37§ “5551 " AEA—IMR . BAKYL, AR EEEISE G UIXSR. B—Fhie fis a5
G, A RPRATREAR IO — R R AU

int PyWeakref_Check (ob)
R “ob” Gl HEE — TG, W[l —A> true,

int PyWeakref_CheckRef (ob)
W “ob” Jg—ANGIH, WRE true.

int PyWeakref_CheckProxy (ob)
MR “ob” MRS, NRME true.

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
REIRFGE ob () — A5 XS BRI El—NEG I, (EAGRIERE—RX S R
AREIR I — AT I XS 5B AES callback y—ARITHIA G, BAAE ob HAFE J IR iy
BNGEN; ENIZEZ N RMES, W5 HNEA L . callback AT A None B NULL, I ob
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AR5 XS, BB R callback ANZ AT AIXT4:, None B NULL, %eRECKR ] NULL - H
5| % TypeError,

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
REIXFG ob 1—A595 | AN . K eRECR SR B — A8 s, (EAGRIIER & — x4
BAARER I — IR . 5 AES callback F—ATTARS, BEXTE ob A ELK ]
W GE AL BN A RMIE S, WSS X RA S . callback H7] PAA None B{ NULL. 1l
Roob NE—AE5 | HXG, SCEMR callback 2RI FHXTS:, None B NULL, %R NULL
3 HE|% TypeError.

PyObject *PyWeakref_GetObject (PyObject *ref’)
AR 555 HIRTR ref RS RIS QRPN AEAE, WIRIE Py_None.

MR R ECR IS X Z 00 —A ** R E I . XA BR AR VRAR 15 REAE AR (8 3 )i A~ %)
SANTTREREEE S, R AR IR AN Z AT SR F Py_INCREF (),

PyObject *PyWeakref_GET_OBJECT (PyObject *ref’)
Kftlpyweakref _GetObject (), fHSEBN— M AEERGARIZE

8.6.9 Capsule %5

A KA X LEXT 3 1 B 245 15 S using-capsules .
3.1 B YIhE

type PyCapsule
RXAPyobject BT RBE—FIIE, T R RURE (/F void* $541) iy Python fX
M 2] Hofth C AURSHY C 37 RAsi *”ﬂ%ﬂ%ﬁﬂ% EEth — ML E S C R EHE AL AT
F SRR AT PAGE RS ABLAR R 7 FITE S I # i o L C AP,

type PyCapsule_Destructor
Capsule FATH#F IR ZEAL, 5@ LANE

typedef void (*PyCapsule_Destructor) (PyObject *);

Z | PyCapsule_New () F3KEL PyCapsule_Destructor 32 [ {H i X .

int PyCapsule_CheckExact (PyObject *p)
MR SR —{PyCapsule Nk A True

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)

B 7E—A 25 T pointer )PyCapsule, pointer 7% 1] PAAS A NULL,
FE R TR AN S R ] NULL.

FAFER name W] DA NULL B2 — M8 1A 80 C FAFRITEEr . WRAH NULL, D245 88 020 b
capsule & (IR ALVFLE destructor HRETLE . )

U destructor ZHUAR K NULL, D24 T 9l A S HsPREFfHT capsule 1S EOREH

TR capsule KEHARIE N — SR A B, W name 244545 N modulename. attributename.,
RF ARV HABRIRAE ] Py Capsule Tmport () RF AU capsule,

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)

FEUURATHE capsule H1[Y) pointer . FER I & —~ 54 ik 8] NULL.

name &2 W5 S ARAFAE capsule W) 4 FRIEFTAE B HLARE . WRARATAE capsule HHA 44 FK A NULL, IS A
) name 05751~ NULL., Python 2{#i [l C K% stremp () KA capsule 44 FF .
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PyCapsule Destructor PyCapsule_GetDestructor (PyObject *capsule)

R B PRAFAE capsule H Y BINTAORS o 762 MORHE B — > 78 IR 7] NULL.,

capsule B NULL AHH 25 B AVER) . X215 NULL iz M A Ll s il PyCapsule Isvalid()
B{PyErr Occurred () FeiHEE X,

void *PyCapsule_GetContext (PyObject *capsule)
R IERAFAE capsule HH 4R N S0, 7 2R TS B> 57 3R [F] NULL,

capsule FL5 NULL | FCR2EER . XS #1158 NULL iR B4 26k 3 il Pycapsule Isvalid()
B{PyErr Occurred () R X,

const char *PyCapsule_GetName (PyObject *capsule)

IR [ RAFAE capsule HH 4 HIZAFR . 7E I M BB — >R 3 H4R [F] NULL,

capsule EH NULL ZFR2E7EM .. X8 NULL IR WA Bk X $#iHPycapsule IsValid()
B PyErr_Occurred () FiHEE L.

void *PyCapsule_Import (const char *name, int no_block)
M= capsule JEPE T ATR ] C XM RIVTEEN . name B2 1Y U5 WL 7C AR, 5 module.
attribute HI—3. PRAFFE capsule H[H) name Wi/ 5¢ A VL BLFEFFER o QIR no_block “JEAE, WIPA
ToH FERL A S AL (ﬁﬁHPyImport_ImportModul eNoBlock ()). NS no_block NRAE, WILAE
Gt P AR ([l Py Tmport_ImportModule ()).

IR [F] capsule [ PP 484t TR M B — R R M NULL,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
i capsule 2152 —NERUM . AR capsule WA K NULL, {£i#iPyCapsule CheckExact (),
e H o AfF i — A AN O NULL | 45 5, ﬁﬂﬁﬁﬂiﬁ@ﬂ?'ﬁnameﬁ MIEw. (F 2
PyCapsule_GetPointer () T fEUMa %} capsule & FREATHLIRHIE #IEE )

WemiEe, WRPyCapsule Isvalid () RFIEAE, WAEfTXT5HA#E (PA PyCapsule_Get () Ff3k
FAEATERE) AR R AIE 2 B

RN RAROT ISR AR 2 PR [ AT . BRI 0. LeRE—E AR K.

int PyCapsule_SetContext (PyObject *capsule, void *context)

K capsule PNESI_EF SCHE#HCN context .
SRR IE] 00 SRS i 8] SR A I BB —

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)

¥t capsule WEBRIMTHI#$% M destructor
SRR IE] 0 2 e hst ik [m] R AR B A R

int PyCapsule_SetName (PyObject *capsule, const char *name)
K capsule IR A FRIEA name. QNEAR NULL, WA FRIGAEAE 0L capsule B . Q152 R AR AT
TE capsule H1) name A A NULL, MRS RXB0E.

SRR 00 SRR IR [l JEBALH B B

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

¥ capsule WERIR ZS 18415 pointer . 8% ANT] A NULL,
BCEEHRE] 0 SRR B HE R R — A 7
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8.6.10 A mBEXR
A R 5202 Python J SR SEBUAL M A AUAR ORISR . EAT T i ik AU AL R R AR B, A2 25X

‘Iﬁl}ﬁPyGeniNew () E?‘PyGeniNewWi thQualName ()

type PyGenObject
T HE AT R C St A

type PySendResult
The enum value used to represent different results of PyGen_Send ().

PyTypeObject PyGen_Type
SN E SO0 SUINATIE KIS e S
int PyGen_Check (PyObject *ob)
U2R ob J&— AR G NLR B EAE; ob WA NULL,

int PyGen_CheckExact (PyObject *ob)
W ob BB N PyGen_Type WERIBIEAE; ob #Z0IAN A NULL,

PyObject *PyGen_New (PyFrameObject * frame)
BT frame X R ANEIE IR — B L ARG REBUE— X frame W51 . SEUHA N

NULL,

PyObject *PyGen_NewWithQualName (PyFrameObject * frame, PyObject *name, PyObject *qualname)
BT frame IR AVEIFIR I —SH L ARG, Hd __name_ Ml __qualname_ 5 name Hl
qualname ., WRELSBUE — DX frame (5| . frame ZEULAN A NULL,

PySendResult PyGen_Send (PyGenObject *gen, PyObject *arg, PyObject **presult)
Sends the arg value into the generator gen. Coroutine objects are also allowed to be as the gen argument but they
need to be explicitly casted to PyGenObject*. Returns:

e PYGEN_RETURN if generator returns. Return value is returned via presult.
* PYGEN_NEXT if generator yields. Yielded value is returned via presult.

* PYGEN_ERROR if generator has raised and exception. presult is set to NULL.

8.6.11 {hiZ¥ =R

3.5 e
MRS M asyne TR R B AR 1Y .
type PyCoroObject
AT IR G C S5tk
PyTypeObject PyCoro_Type
SRRSO B YR AN 4
int PyCoro_CheckExact (PyObject *ob)
2R ob A2 Py Coro_Type WARIEIE{H; ob /AN NULL.

PyObject *PyCoro_New (PyFrameObject * frame, PyObject *name, PyObject *qualname)
BT frame XF R AVEIFIR B —DFHEX R, Ho __name_ #l __qualname__ ¥} name
qualname ., RS BUS— X frame W51 H o frame ZHIA A NULL,
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8.6.12 L T TEEMR

TEff#: A2 3.7.1 BOEM: 7€ Python 3.7.1 w1, Irfy B 'R 3CACE: C AP IZA4 4 SHBCH I Pyobject FREHTTIA

B PyContext, PyContextVar PA K PyContextToken, fifl:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

TS bpo-34762 T fRENE .

3.7 B ag
FTRANG T contextvars fHL A H C API,

type PyContext
T3~ contextvars.Context X2 C g5,

type PyContextVar
JTF 3R contextvars.ContextVar XRI C Z5H1K,

type PyContextToken
TR contextvars. Token X5 H) C Z5HK,

PyTypeObject PyContext_Type
PR context BRI RAINT G2

PyTypeObject PyContextVar_Type
SR context variable ZERURRTIN 4

PyTypeObject PyContextToken_Type
278 context variable token ZSTI IS RINT 42

R AR
int PyContext_CheckExact (PyObject *0)
W o WAL PyContext Type MIRMIF{H. o AAAN NULL. IpRELE & 2T .

int PyContextVar_CheckExact (PyObject *0)
W o WA PyContextVar Type MR EAH. o UAUR K NULL. JLRRELE &2 AT

int PyContextToken_CheckExact (PyObject *0)
WA o LA R PyContext Token_Type WHIREIEAH . o WA K NULL, MEREUE &2 I HIT .

RSO RAE B R
PyObject *PyContext_New (void)
BN AS ETR SOR . AR A AR R ] NUL L.

PyObject *PyContext_Copy (PyObject *ctx)
BIEFT AR coe ETR SO RAEFS DL 2R A A 4 5 iR [1] NULL,

PyObject *PyContext_CopyCurrent (void)
BEY BIZAR BRSO s DL AR R AR B R AR [7] NULL,

int PyContext_Enter (PyObject *ctx)

K ctx B BIAARR Y BI_E R 3C, SRR 0, H IR m] -
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int PyContext_Exit (PyObject *ctx)

OB coe 1R SOFRZ BT _ER SCIREE N 24 BTS2 n 245 R 30, BEhmRE o, AR A -1,
TR E R A
PyObject *PyContextVar_New (const char *name, PyObject *def’)

BIE—ANHTHY” ContextVar’” X542 JEZ: *name* AT H LA AP LHAY . AI/EZ *def* g BH30&
EREME. WPRAAERGE, XA KEOR B NULL ",
int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
ARPETF BRI WRAEA R R R R AR R, Rk -1, AR AR, TR MR ENE,
HRIR[E 0,
WERARE) BRSUE S, value ¥ 48 I EIHEE . W BN OB R BA KB, value Xid5 1 :
o default_value, {NF-AE “NULL®;
o var FIERIAE, AR NULL;
e NULL
WERIRFZAE, BRECRQIEX BRG] .
PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
FEY R LR SCHF var ((EBEN value, SRIEIFEI Pyobject MRIFREN, AR AL HBNEE] NULL,
int PyContextVar_Reset (PyObject *var, PyObject *token)
K B R SCE R var RS E BN ETEIRIT token [Py Contextvar Set () YN Z HIPIRES . MEK%L
S IRIE] O, AR [E] -1

8.6.13 DateTime W&

datetime BEHLFRAL T4 Fh H AT BSR4 . 600 F AR Ao X SE pR A0 2 1/, W ATHE AR B TR T A0 55 3k S
datetime.h (FHERM A REETE Python. h 1), 3 HZ PyDateTime_TMPORT WAi# A LT ] , i
RN BRI PR — 8B 53« X E R R E C EMmFEE A — S i PyDateTimeAPT
H, Eal N E R .
TV UTC Hfi:
PyObject *PyDateTime_TimeZone_UTC

R FER UTC gyB XS], 5 datetime.timezone.utc H[FE—X4.

3.7 B sE.
FARG A
int PyDate_Check (PyObject *ob)

5 ob °f) PyDateTime_DateType %l PyDateTime_DateType M T2HAUNR M BEfH. ob
ANfEH NULL,

int PyDate_CheckExact (PyObject *ob)
IR ob A PyDateTime_DateType KAEINRE|BE{H. ob ANFEN NULL,

int PyDateTime_Check (PyObject *ob)
W5 ob Sk PyDateTime_DateTimeType KB PyDateTime_DateTimeType M TR AN R
B EfH. ob AfiEl NULL,

int PyDateTime_CheckExact (PyObject *ob)
W5 ob A PyDateTime_DateTimeType KANRE|EAH. ob AEEN NULL,
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int PyTime_Check (PyObject *ob)
IR ob 12K FI R PyDateTime_TimeType B2 PyDateTime_TimeType [ TRAENR [ ElEH. ob
WIS NULL,
int PyTime_CheckExact (PyObject *ob)
M5 ob [ H 2 PyDateTime_TimeType MR [F B H. ob WA A NULL,
int PyDelta_Check (PyObject *ob)
IR ob 2N PyDateTime_DeltaType 2KAlnl PyDateTime_DeltaType HJIEAST-2E NIk [B] BAH .
ob INfE>N NULL,
int PyDelta_CheckExact (PyObject *ob)
W ob S PyDateTime_DeltaType FEFINMIR M E{H. ob AHESN NULL,
int PyTZInfo_Check (PyObject *ob)
W5 ob °f PyDateTime_TZInfoType HKAlal PyDateTime_TZInfoType fHA T2 AN & ] B
{H. ob AfiEH NULL,
int PyTZInfo_CheckExact (PyObject *ob)
R ob [FZEFLE PyDateTime_TZInfoType MIR[EI B H. ob AHEN NULL,
TR ) % -
PyObject *PyDate_FromDate (int year, int month, int day)
BREFEELE. H. HE datetime.date ¥4,

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int

usecond)
1R Al B $5 7€ year, month, day, hour, minute, second F1 microsecond [&4[1) datetime.datetime X4,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)
iz [B] B $8 %€ year, month, day, hour, minute, second, microsecond #f fold JE k1) datetime.datetime

R
3.6 B fE.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond )
iR [ H A5 8 %€ hour, minute, second and microsecond JE1E[] datetime.time X4,

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
iR [ H. A 45 %2 hour, minute, second, microsecond FI fold Jg 1) datetime.time % &,

3.6 B RE.
PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)

RERFEHE LR, PRI ENN datetime. timedelta 4. AT IEFRALTEANE DA e 2L 1R T A A
AT datetime. timedelta X4 M KA FREHBI KR Z N .

PyObject *PyTimeZone_FromOffset (PyDateTime_DeltaType *offset)
REl—A> datetime.timezone X5, MARHEAVA offset ZECERINHIAR 4 [ E I 22 .

3.7 B RE.

PyObject *PyTimeZone_FromOffsetAndName (PyDateTime_DeltaType *offset, PyUnicode *name)
iR —4~ datetime.timezone X4, %X EEG DA offset ZELFE 1 E W 2RI XL FR name.

3.7 FrR I HE.

— S8 ] ok M date XF 5 PR BL i . S B ah i )& PyDateTime_Date 4 #F H 28 (f5l 40
PyDateTime_DateTime) FJSLfl. SELFIA N NULL, If HIBURY oA 4

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
PAIE ST 2GR B4R {E .
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int PyDateTime_GET_MONTH (PyDateTime_Date *0)
REH, M0 F| 12 %L

int PyDateTime_GET_DAY (PyDateTime_Date *0)
AR [EHET, MO F 31 R

— U IR datetime X5 PRI B K . SEULAUE PyDateTime_DateTime ffFHTRAISLH . S5
WA K NULL, H HERUR XA A
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)

BN, A0 ] 23 (R

int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
ARE A3, AN O F 59 HEEEL

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
REIFE, A O F] 59 HEEEL.

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
R ED, A0 ) 999999 f AL .

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
Return the tzinfo (which may be None).

3.10 HrHIIHE.

BRI time G P RIRE B0 . BHOU IR PyDateTime_ Time G HTMISL01. SELHAR N
NULL, FfHBARRSYAGAr:

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
IR[EINGE, A0 B 23 [ R

int PyDateTime_TIME_GET_ MINUTE (PyDateTime_Time *0)
RS8R, MO B 59 HEEEL

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
AREED, MO F 59 AL

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
R EED, A0 ] 999999 fHEAL .

PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *o)
Return the tzinfo (which may be None).

3.10 HrHIIfE.

— U e M timedelta %5 AR BRI 22 . BRI PyDateTime_Delta Al HT2RIN5LH] . SHLH
A NULL, I HBRUR S

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
R RH, M-999999999 FI| 999999999 [k,

3.3 BRI HE.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
AR EFSEL, MO ] 86399 YR

3.3 B e

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
IR AL, A0 F] 999999 L% .

3.3 Bl e
— ST DB AP (2%
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PyObject *PyDateTime_FromTimestamp (PyObject *args)
B B — A ETCH S E M datetime.datetime ¥4, ALY datetime.datetime.
fromtimestamp () .

PyObject *PyDate_FromTimestamp (PyObject *args)
B & kWl — A 45 E L S B HT datetime.date X4, & A 144 datetime.date.
fromtimestamp () .

8.6.14 Decimal capsule API

Capsule API functions can be used in the same manner as regular library functions, provided that the API has been
initialized.

Initialize

Typically, a C extension module that uses the decimal API will do these steps in its init function:

#include "pydecimal.h"

static int decimal_initialized = 0;
if (!decimal_initialized) H{
if (import_decimal() < 0) |

return NULL;
}

decimal_initialized = 1;

Type checking, predicates, accessors

int PyDec_TypeCheck (const PyObject *dec)
Return 1 if dec is a Decimal, O otherwise. This function does not set any exceptions.

int PyDec_IsSpecial (const PyObject *dec)
Return 1 if dec is NaN, sNaN or Infinity, O otherwise.

Set TypeError and return -1 if dec is not a Decimal. It is guaranteed that this is the only failure mode, so if dec
has already been type-checked, no errors can occur and the function can be treated as a simple predicate.

int PyDec_IsNaN (const PyObject *dec)
Return 1 if dec is NaN or sNaN, 0 otherwise.

Set TypeError and return -1 if dec is not a Decimal. It is guaranteed that this is the only failure mode, so if dec
has already been type-checked, no errors can occur and the function can be treated as a simple predicate.

int PyDec_IsInfinite (const PyObject *dec)
Return 1 if decis Infinity, O otherwise.

Set TypeError and return -1 if dec is not a Decimal. It is guaranteed that this is the only failure mode, so if dec
has already been type-checked, no errors can occur and the function can be treated as a simple predicate.

int64_t PyDec_GetDigits (const PyObject *dec)
Return the number of digits in the coefficient. For Infinity, the number of digits is always zero. Typically, the
same applies to NaN and sNaN, but both of these can have a payload that is equivalent to a coefficient. Therefore,
NaNs can have a nonzero return value.
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Set TypeError and return -1 if dec is not a Decimal. It is guaranteed that this is the only failure mode, so if dec
has already been type-checked, no errors can occur and the function can be treated as a simple accessor.

Exact conversions between decimals and primitive C types

This API supports conversions for decimals with a coefficient up to 38 digits.

Data structures

The conversion functions use the following status codes and data structures:

/* status cases for getting a triple */
enum mpd_triple_class {
MPD_TRIPLE_NORMAL,
MPD_TRIPLE_INF,
MPD_TRIPLE_QNAN,
MPD_TRIPLE_SNAN,
MPD_TRIPLE_ERROR,
bi

typedef struct {
enum mpd_triple_class tag;
uint8_t sign;
uint64_t hi;
uint64_t lo;
int64_t exp;
} mpd_uintl128_triple_t;

The status cases are explained below. sign is O for positive and 1 for negative. ( (uint128_t)hi << 64) + lo
is the coefficient, exp is the exponent.

The data structure is called “triple” because the decimal triple (sign, coeff, exp) is an established term and (hi, 1o)
represents a single uint 128_t coefficient.

Functions

mpd_uint128_triple_t PyDec_AsUint128Triple (const PyObject *dec)
Convert a decimal to a triple. As above, it is guaranteed that the only Python failure mode is a TypeError, checks
can be omitted if the type is known.

For simplicity, the usage of the function and all special cases are explained in code form and comments:

triple = PyDec_AsUintl128Triple (dec);
switch (triple.tag) {
case MPD_TRIPLE_QNAN:
Vs
* Success: handle a quiet NaN.
* 1) triple.sign is 0 or 1.
* 2) triple.exp is always 0.

* 3) If triple.hi or triple.lo are nonzero, the NaN has a payload.
*/
break;

case MPD_TRIPLE_SNAN:

Qi3]
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(£ 50

* Success: handle a signaling NaN.
* 1) triple.sign is 0 or 1.
* 2) triple.exp is always 0.
* 3) If triple.hi or triple.lo are nonzero, the sNaN has a payload.
*/
break;

case MPD_TRIPLE_INF:

J*
* Success: handle Infinity.
* 1) triple.sign is 0 or 1.
* 2) triple.exp is always 0.
* 3) triple.hi and triple.lo are always zero.
*/

break;

case MPD_TRIPLE_NORMAL:
/* Success: handle a finite value. */
break;

case MPD_TRIPLE_ERROR:
/* TypeError check: can be omitted if the type of dec is known. */
if (PyErr_Occurred()) {
return NULL;

/* Too large for conversion. PyDec_AsUintl128Triple() does not set an
exception so applications can choose themselves. Typically this
would be a ValueError. */

PyErr_SetString (PyExc_ValueError,

"value out of bounds for a uintl128 triple");
return NULL;

PyObject *PyDec_FromUint128Triple (const mpd_uintl128_triple_t *riple)
Create a decimal from a triple. The following rules must be observed for initializing the triple:

1) triple.sign must always be O (for positive) or 1 (for negative).

2) MPD_TRIPLE_QNAN: triple.exp mustbe O. If triple.hi or triple. lo are nonzero, create a

NaN with a payload.

3) MPD_TRIPLE_SNAN: triple.expmustbeO. If triple.hi or triple.lo are nonzero, create an

sNaN with a payload.

4) MPD_TRIPLE_INF:triple.exp,triple.hiand triple.lo must be zero.

5) MPD_TRIPLE_NORMAL: MPD_MIN_ETINY + 38 < triple.exp < MPD_MAX_ EMAX - 38.

triple.hiand triple. lo can be chosen freely.

6) MPD_TRIPLE_ERROR: It is always an error to set this tag.

If one of the above conditions is not met, the function returns NaN if the InvalidOperation trap is not set in

the thread local context. Otherwise, it sets the InvalidOperation exception and returns NULL.

Additionally, though extremely unlikely give the small allocation sizes, the function can set MemoryError and

return NULL.
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Advanced API

This API enables the use of 1ibmpdec functions. Since Python is compiled with hidden symbols, the API requires an
external libmpdec and the mpdecimal . h header.

Functions

PyObject *PyDec_Alloc (void)
Return a new decimal that can be used in the result position of 1 ibmpdec functions.

mpd_t *PyDec_Get (PyObject *v)
Get a pointer to the internal mpd_t of the decimal. Decimals are immutable, so this function must only be used
on a new Decimal that has been created by PyDec_Alloc().

const mpd_t *PyDec_GetConst (const PyObject *v)
Get a pointer to the constant internal mpd__t of the decimal.
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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.

LERTHA L Python 2 17, ATLAZEAxHI I DA F B
o WE A

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 ()

ERSEE &
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— Py _IsInitialized()
— PyMem _GetAllocator()
— PyObject_GetArenaAllocator ()
— Py _GetBuildInfo/()
— Py _GetCompiler()
— Py_GetCopyright ()
— Py _GetPlatform()
— Py _GetVersion ()
. I/\
— Py _DecodeLocale ()
o WAFM s :
— PyMem_RawMalloc ()
— PyMem_RawRealloc ()

— PyMem RawCalloc ()

PyMem_ RawFree ()

o it LR B8 A W % fFfPy_Initialize(): Py _EncodeLocale(), Py_GetPath(),
Py GetPrefix (), Py_GetExecPrefix(), Py_GetProgramFullPath (), Py_GetPythonHome (),
Py_GetProgramName () MlPyEval_InitThreads () BiVHHH.

9.2 £REETE

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_BytesWarningFlagtoland —bbsets 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.

T —o I

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.
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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 T PYTHON* MEAr &, vl fEE 13 E ) PYTHONPATH F1 PYTHONHOME,

H-E M -1 JEE .

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

EB -1 iﬁIﬁﬁﬁo
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.

B - PETREE .
3.4 T AE

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 PYTHONLEGACYWINDOWSEFSENCODING environment variable is set to a non-empty string.
HREZHAGEL,, iS5 PEP 529,
A i PE: 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.
AREZIMEE, WS PEP 528,
T P4 Windows.

int Py_NoSiteFlag
B site MPA LI RI BT Ui S0 sys . path BIHAE. AR site RAEMEH BT AR
SR IX SR (QRARA B EATM N site.main ().

H —-S PETIAEE .

int Py_NoUserSiteDirectory

AENRF F P site-packages H FIME sys.path.
Set by the —s and - I options, and the PYTHONNOUSERSITE environment variable.

int Py_OptimizeFlag
Set by the —O option and the PYTHONOPTIMI ZE environment variable.

int Py_QuietFlag
BIEAE 2 HAR AR A s BCRIRAE . -

HI —q BEIBLE .
3.2 B fE
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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.

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.

;. 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 initsigs is 1. If initsigs is 0, it skips initialization registration of
signal handlers, which might be useful when Python is embedded.

int Py_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.

intPy_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_Tnitialize (). 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 O.
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 modules. Dy-
namically 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_Initialize () and Py FinalizeEx () more than once.

Raises an auditing event cpython._PySys_ClearAuditHooks with no arguments.
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3.6 BRI HE.

void Py_Finalize ()
This is a backwards-compatible version of Py_FinalizeEx () that disregards the return value.

9.4 Process-wide parameters

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
This function should be called before Py_Tnitialize (), if itis called at all. It specifies which encoding and
error handling to use with standard 1O, with the same meanings as in str.encode ().

It overrides PYTHONIOENCODING values, and allows embedding code to control IO encoding when the environ-
ment variable does not work.

encoding and/or errors may be NULL to use PYTHONIOENCODING and/or default values (depending on other
settings).

Note that sy s . 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 to
Py_Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been initialized).
3.4 HiRIEE.

void Py_SetProgramName (const wchar_t *name)
This function should be called before Py Initialize () 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 SetProgramName () and some environment variables; for example, if the
program name is ' /usr/local/bin/python’, the prefix is ' /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. It is 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 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 exec-prefixis ' /usr/local'. The returned string
points into static storage; the caller should not modify its value. This corresponds 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
inthe /usr/local/plat subtree while platform independent may be installed in /usr/local.
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Generally speaking, a platform is a combination of hardware and software families, e.g. Sparc machines running
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 story;
the installation strategies on those systems are so different that the prefix and exec-prefix are meaningless, 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 se-
ries 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 Tnitialize (),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, whichis ' : ' 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_Initialize ().

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 JiRFE P : 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
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'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:

"[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 **argy, 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.

* 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.

{EfR: It is recommended that applications embedding the Python interpreter for purposes other than executing a
single script pass 0 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 sy s . path element after
having called PySys_SetArgv (), for example using:

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 B e,

void PySys_SetArgv (int argc, wchar_t **argvy)
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.
JE 3.4 JRFE L The updatepath value depends on —1I.

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.
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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.

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 GIL 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 ()). Thelock is 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 PyThreadState: it can be retrieved
using PyThreadState_Get ().

9.5.1 Releasing the GIL from extension code

Most extension code manipulating the G/L 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
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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.

{Ef##:  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.

9.5.2 3k Python glE&a9%k 12

When threads are created using the dedicated Python APIs (such as the threading module), a thread state is auto-
matically 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 aforementioned
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 API. 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 _TInitialize ()). Python supports 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 () byacquiring 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.
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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 interpreter and
allother 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.

9.5.4 E API

These are the most commonly used types and functions when writing C extension code, or when embedding the Python
interpreter:

type 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.

type PyThreadState
This data structure represents the state of a single thread. The only public data member is intexrp (Pylnterpreter-
State*), 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.

T 3.9 JiRFE P The function now does nothing.

FE 3.7 i 2 This function is now called by Py Tnitialize (), soyoudon't have to call it yourself anymore.
TE 3.2 iR #e: 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_ TInitThreads () has been 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 RSB 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 tstate, which must not be
NULL. If the lock has been created, the current thread must not have acquired it, otherwise deadlock ensues.

{#fft:  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 termination.
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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:

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 be-
tween 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
foritscall 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.

{#fft:  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 termination.

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).

Everycallto PyGILState_Ensure () mustbe matchedbyacallto 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 B fE.

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 expandsto { PyThreadState *_save; _save = PyEval_SaveThread () ;. Note that
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it contains an opening brace; it must be matched with a following Py_ END_ALLOW_THREADS macro. See above
for further discussion of this macro.

Py_END_ALLOW_THREADS
This macro expands to PyEval_RestoreThread (_save); }. Note thatit 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.

9.5.5 Low-level API

All of the following functions must be called after Py_ITnitialize ().
JE 3.7 iUEM: 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 coython.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 PyInterpreterState_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.

TE 3.9 { H ¥ 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 PyThreadState_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 tstate.

Return a strong reference. Return NULL if no frame is currently executing.

See also PyEval_ GetFrame ().
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tstate must not be NULL.
3.9 FriRUGe.

uint64_t PyThreadState_Get ID (PyThreadState *tstate)
Get the unique thread state identifier of the Python thread state fstate.

tstate must not be NULL.
3.9 FriR e

PyInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Get the interpreter of the Python thread state tstate.

tstate must not be NULL.
3.9 FriR 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.
The caller must hold the GIL.
3.9 FrhRE.

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 B fe.

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 BRI HE.

typedef 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 JR B 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 Hi e

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction

eval_frame) ;
Set the frame evaluation function.

See the PEP 523 ”Adding a frame evaluation API to CPython”.
3.9 FrihRE.
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PyObject *PyThreadState_GetDict ()
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.

T 3.7 JRFE L The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
Acquire the global interpreter lock and set the current thread state to #state, which must not be NULL. The lock
must have been created earlier. If this thread already has the lock, deadlock ensues.

{:ffg:  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 termination.

£ 38 R W O 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 © # ¥ This function does not update the current thread state. Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.

{Ef#: 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 termination.

E 38 i O 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.

void PyEval_ReleaseLock ()
Release the global interpreter lock. The lock must have been created earlier.

156 Chapter 9. Initialization, Finalization, and Threads



The Python/C API, %% 3.10.0a0

3.2 {5 E.F4 % 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 a
process. 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 Py ThreadState_Swap () function. You can create and destroy
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 fun-
damental modules builtins, _ main__ and sys. The table of loaded modules (sys.modules) and the
module search path (sys.path) are also separate. The new environment has no sys.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 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 mod-
ule 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 exten-
sion is imported, it is initialized normally, and a (shallow) copy of its module’s dictionary is squirreled 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 module’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_Tnitialize ();in that case, the ex-
tension’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.
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9.6.1 HRFIE S

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 . close () 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 assume 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.

9.7 L &EA

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 conditions 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 0 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 e: 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.

JE 3.9 W EE B 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 BRI HE.
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9.8 SHTFOERER

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.

typedef 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:

what #I{E arg la X

PyTrace_CALL E\%Py_None.

PyTrace_EXCEPTION sys.exc_info () RMEHREE L.

PyTrace_LINE E‘\%Py_l\ione.

PyTrace_RETURN Value being returned to the caller, or NULL if caused by an exception.
PyTrace_C_CALL IEFEYR RO 42

PyTrace C_EXCEPTION | IEAEVE T A BN 2.

PyTrace_C_RETURN TETEYE H BRSO 42

PyTrace_OPCODE mEpy None.

int PyTrace_CALL
The value of the what parameter to a Py_ t race func 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 racefunc 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.

9.8. FHTFIRRER 159



The Python/C API, %% 3.10.0a0

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new op-
code 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 function 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 parameter.

The caller must hold the GIL.

9.9 ERIA LS ZHF

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 Py ThreadStat e 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.

{Efit:  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
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them either.

9.10.1 Thread Specific Storage (TSS) API

TSS APl is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a new
type Py_tss_ t instead of int to represent thread keys.

3.7 B IE.
W
”A New C-API for Thread-Local Storage in CPython” (PEP 539)
type 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_INIT is allowed.

Py_tss_NEEDS_INIT
This macro expands to the initializer for Py_tss_t variables. Note that this macro won’t be defined with
Py _LIMITED_API.

Dynamic Allocation

Dynamic allocation of the Py_ tss_ t, required in extension modules built with Py_LIMITED_API, where static alloca-
tion 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 TNIT, or NULL in the case
of dynamic allocation failure.

void PyThread_tss_free (Py_tss_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.

Wf#: 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_ t ss_NEEDS_INIT. 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.
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void PyThread_tss_delete (Py_tss_t *key)
Destroy a TSS key to forget the values associated with the key across all threads, and change the key’s initialization
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_fss_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 B G EL A% R4 This API is superseded by Thread Specific Storage (TSS) API.

{Efiit:  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.

1T R 2 AR, N RAE B ARG T AR 1Y) AP
int PyThread_create_key ()

void PyThread_delete_key (int key)

int PyThread_set_key_value (int key, void *value)

void *PyThread_get_key_value (int key)

void PyThread_delete_key_value (int key)

void PyThread_ReInitTLS ()
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PyConfig
PyPreConfig
PyStatus

PywWideStringList

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 ()
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e PyStatus_IsExit ()

e PyStatus_NoMemory ()

e PyStatus_Ok ()

e PyWideStringList_Append ()
e PyWideStringList_Insert ()
e Py_ExitStatusException ()

e Py InitializeFromConfig/()
* Py PrelInitialize()

e Py PrelInitializeFromArgs ()
* 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.
S UL:
PEP 587 "Python #4540 &

10.1 PyWideStringList

type PyWideStringList
List of wchar_t* strings.

If length is non-zero, items must be non-NULL and all strings must be non-NULL.

DR

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, const 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 &,
wchar_t **items

FIETH -
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10.2 PyStatus

type 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 *func
Name of the function which created an error, can be NULL.

Functions to create a status:
PyStatus PyStatus_Ok (void)
I
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,;
Py_ExitStatusException () for example.

int PyStatus_IsError (PyStatus status)
SRR IRNG?

int PyStatus_IsExit (PyStatus status)
AR IR

void Py_ExitStatusException (PyStatus status)

by calling

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.

{Efit:  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_Ok () ;

(Rt

10.2. PyStatus
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(£ 50

}

int main(int argc, char **argv)

{
void *ptr;
PyStatus status = alloc (&ptr, 16);
if (PyStatus_Exception(status)) A

Py_ExitStatusException (status);

}
PyMem_Free (ptr);
return 0;

10.3 PyPreConfig

type 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:

intallocator
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

¢ PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator

e PYMEM_ALLOCATOR_PYMALLOC_DERUG (6): Python pymalloc memory allocator with debug hooks

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported 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.
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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
Z:lPyConfig.dev_mode.

int isolated
%)l 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_PrelnitializeFromArgs () and Py _PrelnitializeFromBytesArgs ()
parse their argv argument the same way the regular Python parses command line arguments: see Com-
mand Line Arguments.

int use_environment
Z W 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_PrelInitializeFromArgs (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 _PreInitialize() and before
Py _InitializeFromConfig() to install a custom memory allocator. It can be called before
Py _PrelInitialize () if PyPreConfig.allocatorissetto PYMEM_ALLOCATOR_NOT_SET.

Python memory allocation functions like PyMem_ RawMalloc () must not be used before Python preinitialization,
whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called before
the preinitialization.

Example using the preinitialization to enable the UTF-8 Mode:
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PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) A
Py_ExitStatusException(status);

}

/* at this point, Python will speak UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.5 PyConfig

type 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.
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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 configuration
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

Moreover, if PyConfig SetArgv () or PyConfig_SetBytesArgv () isused, 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 axgv
Command line arguments, sys .argv. See parse_arqgv to parse a rgv 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.

See also the orig argv member.

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 HE.

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 or bytearray with str, 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.

10.5. PyConfig 169


https://www.python.org/dev/peps/pep-0552

The Python/C API, %% 3.10.0a0

BRAAMER: 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.

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 is 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
R HAE
int isolated
If greater than 0, enable isolated mode:

* sys.path contains neither the script’s directory (computed from argv [0] or the current directory)
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.
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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

int module_search_paths_set
sys.path. If module search_paths_set is equal to 0, the module_search_paths is over-
ridden 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

PyWideStringList orig_argv
The list of the original command line arguments passed to the Python executable.

If orig_argv listis empty and argv is not a list only containing an empty string, PyConfig_Read ()
copies argv into orig_argv before modifying argv (if parse_argv is non-zero).

See also the argv member and the Py Get ArgcArgv () function.
3.10 FrHEBE.

int parse_argv
If non-zero, parse argv the same way the regular Python command line arguments, and strip Python argu-
ments 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 0, 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.

10.5. PyConfig 171



The Python/C API, %% 3.10.0a0

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.

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 pri-
ority).

intwrite_bytecode
If non-zero, write . pyc files.

sys.dont_write_bytecode is initialized to the inverted value of write_ bytecode.

PyWideStringList xoptions
sys._xoptions.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line argu-
ments, and Python arguments are stripped from argv: see Command Line Arguments.

The xoptions options are parsed to set other options: see —X option.

¥E 3.9 Btk The show_alloc_count field has been removed.
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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(&confiqg);
if (PyStatus_Exception (status)) {

goto fail;

}
PyConfig_Clear (&configqg);
return;

fail:
PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some parameters:

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)) A
goto done;

(F ks
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}

/* 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)) {
goto done;

}

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");
if (PyStatus_Exception(status)) A
goto done;

status = Py_InitializeFromConfig (&confiqg);
done:

PyConfig_Clear (&configqg);
return status;

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 Parh 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 configu-
ration 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,
PYTHONUTF8 and PYTHONCOERCECLOCALE environment variables.

Example of customized Python always running in isolated mode:
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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;

3

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException(status);

10.9 BREE

PyConfig contains multiple fields for the path configuration:
 HARBCE R

— 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:
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— 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 explicitly 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 setif module_search_paths_set issetto 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, Windows
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_filenameis set and is a directory which containsa __main___.py script, prepend run_filename
to sys.path.

e If isolatedis zero:

— If run_module is set, prepend the current directory to sys.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.

If site_import is non-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:
* pyvenv.cfg
* python._pth ({{ Windows)
e pybuilddir.txt ({¥ Unix)

The _ PYVENV_LAUNCHER___ environment variable is used to set PyConfig.base_executable
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10.10 Py_RunMain()

int Py_RunMain (void)
Execute the command (PyConfig. run_command), thescript (PyConfig. run_filename)or the module
(PyConfig.run_module) specified on the command line or in the configuration.

By default and when if —1i 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.

See also PyConfig.orig_argv member.

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;
- 4
Private provisional API:

e PyConfig._init_main:ifsetto0, Py _InitializeFromConfig () stops at the ”Core” initialization
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.
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No module is imported during the "Core” phase and the import1ib module is not configured: the Path Configuration
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)) A
Py_ExitStatusException (status);
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e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_ RESIZE (ptr, type, size)
¢ PyMem_FREE (ptr)

* PyMem_DEL (ptr)
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11.5 ERARIESBC2E

CNNGE R
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type PyMemAllocatorEx
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void* malloc (void *ctx, size_t size)

SrBL— AR

new_size)

void* calloc (void *ctx, size_t nelem, size_t AEE— AR O B PN SR
elsize)
void* realloc (void *ctx, void *ptr, size_t AEE—AS NS B R RN

void free(void *ctx, void *ptr)

RN AR

JE 3.5 fR¥E L The PyMemAllocator structure was renamed to PyMemAllocatorEx and anew calloc

field was added.

type PyMemAllocatorDomain
FAR S BEa A A28 2. A
PYMEM DOMAIN_RAW
PRAL
* PyMem RawMalloc ()
* PyMem RawRealloc ()

* PyMem RawCalloc ()

11.5. BARESECRE
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* PyMem RawFree ()

PYMEM_DOMAIN_MEM
BRAL

* PyMem Malloc(),

* PyMem Realloc ()

* PyMem Calloc ()

* PyMem Free()
PYMEM_DOMAIN_OBJ

* PyObject_Malloc ()

* PyObject_Realloc ()

e PyObject_Calloc()

e PyObject_Free ()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

AREUH S Sk A7 R I3 P -

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BEE TS E ) NAF A LSS -
MERBFATHS, B0 BCAS A 0R [0 — R E NULL 384T,
¥ PYMEM_DOMAIN_RAW i, ZMHl#s &AL Motias i Hny, AR & 5 iE 5410 .

WARHH S ECER A R T (N Z BRI ICE: ) , AT  PyMem_SetupDebugHooks () BRETEH
Jrleas B R T

void PyMem_SetupDebugHooks (void)

BEEAG I Python P77y BLads bR AL HER DRI T

BRI PITEI S5 0xCD (CLEANBYTE ) UK, FEMUHI 71 0xDD ( DEADBYTE ) H{Ft. PAFH
W 221275 fuf] (FORBIDDENBYTE : ZFF7 OxFD ).

IEATIN A A
o Rl AP gy, fln: X PyMem Malloc () BECHIZM XM PyObject_Free () o
o Rl gerh KRB A E RIS A (G X T i) .
o R XZ IR EFEME A (G X ) .
o R4 yH ) PYMEM _DOMAIN_OBJ (ll: PyObject Malloc()) Fl PYMEM DOMAIN_MEM (Y

PyMem_Malloc ()) 1) Fias A GIL S R0RET

e &SR, R T tracemalloc BRI NG BRI E . H A2 tracemalloc IE
TEIBEE Python WAFAEL, I HLNAFHBHEERT, A 4 BoRmli.

2R Python @ FEJH AL R iy, X S84y~ Zinstalled by default . F3575 { PYTHONMALLOC H] PAH]
HAE KA G 1Y Python 222108 1.

TE 3.6 R B XA bR BOBLTE 8 H T DA & A B X 45 PR %) Python. 78 W A5 B, R 8 T BUAE B
Jil tracemalloc 3K [al 3] PN FE BB 40 Be A A7 B . 4 T I AE A A 24 PYMEM_DOMAIN_OBJ Al
PYMEM_DOMAIN_MEM I/ A IE I, & R e G iR s .

JE 3.8 iR P FH A 0xCB (CLEANBYTE), OxDB (DEADBYTE) fl OxFB (FORBIDDENBYTE) ¥
0xCD ., 0xDD Hl1 0xFD AL A 1 5 Windows CRT ##if malloc () 1 free () FHEIMIHE.
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11.7 pymalloc 43t 28

Python £ 2k B A % 2B fr W RY /b 42 (N T 4T 512 2745) Ak B9 pymalloc 43 Bt 2% . & 1 [ & K
/IR 256 KiB [ FR A arenas” [ N AFBLST . X5 TR T 512 #5040 L, B B 2 PyMem RawMalloc ()

MPyMem_RawRealloc () .

pymalloc j& PYMEM_DOMAIN_MEM (fl 41:  PyMem Malloc()) F1 PYMEM_DOMAIN_OBJ (i #n:
PyObject_Malloc ()) BB INSELE o

arena 43 FL 8 F AR pR 2K
e Windows [ VirtualAlloc () flVirtualFree() ,

e mmap () fl munmap () , WHRATH,
o BN, malloc () Hl free() .

11.7.1 B%E X pymalloc Arena 5 fgz&
3.4 FIEE.

type PyObjectArenaAllocator
FAA R~ arena P RCAS G AR . XASEEIRAE =P B

1 ax

void *ctx YERE D SBUEAM P E R
void* alloc(void *ctx, size_t size) Ay Be—3k size T Y XL

void free(void *ctx, size_t size, void *ptr) | BE—HeXi

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
FRHR arena 73 icds

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
U H arena 7y HCdy

11.8 tracemalloc C API

3.7 B HE.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

1E tracemalloc IR BE—AN B HC A N 7B
BRI 0, HASEHR ] -1 OCES BN RAFIR S E) . WA T tracemalloc MR (A -2
AR AR E BRSNS A IR R .

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

TE tracemalloc B EUN IR EE—NE A ECH NAFEL . Q1SR A HR AR IR B R A AT AT 454
N4 tracemalloc ¥ 2% MR [E] -2, FWRIE] 0,
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11.9 =fl

PATR IR F it ANTTHR G, 2 E S PAGE VO G X ad aid i 55— e AR M Python b 7L iY:

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/O */
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 ) 28 o AR 4 A ] 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... */

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

THEBTEA LA B, Gk KU V7@ T4 R AR R s AR By . S5 b

Xt E R AT

WA AR I N AE APL R, DATEREASR 5 A i) 0 i 1) KOS 2 fefik . AR AU P8l B S Ak a3, e

— AR fatal IO EIRE T PIRITEAR [ e EBAEROA R 7l 4s o

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 B R H Python Mk 5L 4R 4 A7 B 1) &6 $ 2 5, Python i i) X 52 2 Jd
PyObject_NewVar () fMlPyObject_Del () F4 B ARERH -

X EERFAEAT KANAAE C v SCRISE BB R AR —F h b

PyObject New (),
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R

ARFAIE T SIS RARTU Fr 6l B ek . AR

121 fEHPHEMR

PyObject *_PyObject_New (PyTypeObject *type)
PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)

PyObject ¥*PyObiject_Init (PyObject *op, PyTypeObject *type)
IR R op WIIGALE RIRAHIG I o R BIPIHR LIS IR o W2R type FEWTX XRS5 bL
WA, A 2IX AR R A IS IMPELIRAGI RIS G o X ARG HA T BA 20 -

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
EMIEERIPyObject _Tnit () —fE, FFHWIIHAA SR/ R EE .

TYPE *PyObject_New (TYPE, PyTypeObject *type)
i/ C 454523884 TYPE F1 Python ZEHBUNF 4 type 43 Bi—HTHY Python X5, KFEi% Python %53k Hr g
%@?&K%%ﬁ%ﬂﬁﬁﬁk s RREEI R — . WA BCR/ N type MR tp_basicsize FEOR

E o

TYPE *PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
] C ERS5 1L TYPE 1 Python 2RS4 type 73 lit— 1§ Python X 4¢ . Python X 53k 3CfF
A E B 2P . BT BCHI NAF SRR T TYPE S5K0 T type SR Hitp_itemsize F
BARHBERY size FEME . XA TSR RTCH X P RERSTE A 38 M1 P E H R/ PRI SR RS . R
F BB A Z A [R] B U AE53BE T DAJSUD N BC R ORI 4= T INFE M IE I R0

void PyObject_Del (void *op)
R th Pyobject _New () B Pyobject_NewVar () SFFLNAFRIN R . I H XIS EY type TBUE
Xijtp_dealloc APRpREORTAM o X AR ELAIG op X R H 8 5 BB AN T ARSI, DR K B2 T
1 N AF 2 ] E A P2 — A %01 Python X4 .

PyObject _Py_NoneStruct
8 None —#£# Python X R o XX RALAT A Py_None ZZT5I), XA ZEIAFHR X MR G54
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S UL:
PyModule_Create () 4yt NAFAIGIEY IR,

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 PyObject 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.

type 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 PyObject*. Access to the members must be done by using the macros Py REFCNT
and Py_TYPE.

type PyVarObject
This is an extension of PyObject that adds the ob_size 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_SIZE.

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.
PyTypeObject *Py_TYPE (const PyObject *0)
Get the type of the Python object o.

Return a borrowed reference.

T 3.10 R Py_TYPE () is changed to the inline static function. Use Py_SET_TYPE () to set an object
type.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
Return non-zero if the object o type is fype. Return zero otherwise. Equivalent to: Py_ TYPE (o) == type.

3.9 BRI HE.
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void Py_SET_TYPE (PyObject *o0, PyTypeObject *type)
Set the object o type to type.
3.9 Hi e

Py_ssize_t Py_REFCNT (const PyObject *0)
Get the reference count of the Python object o.

TE 3.10 fREER: Py REFCNT () is changed to the inline static function. Use Py SET _REFCNT () to set an
object reference count.

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
Set the object o reference counter to refcnt.
3.9 Hi e

Py_ssize_t Py_SIZE (const PyVarObject *0)
Get the size of the Python object o.

TE 3.10 fR L Py_SIZE () is changed to the inline static function. Use Py_SET_STIZE () to set an object
size.

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
Set the object o size to size.
3.9 B e

PyObject_HEAD_INIT (fype)
This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (fype, size)
This is a macro which expands to initialization values for a new PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

12.2.2 Implementing functions and methods

type 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);

type PyCFunctionWithKeywords
Type of the functions used to implement Python callables in C with signature METH_VARARGS |
METH_KEYWORDS. The function signature is:
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PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type _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);

type _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);

type 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 RE.

type PyMethodDef

Structure used to describe a method of an extension type. This structure has four fields:

21 C xR BX

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 PyObject*. If the
function is not of the PyCFunct ion, the compiler will require a cast in the method table. Even though PyCFunction
defines the first parameter as PyObject™, 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 PyCFunction. 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 ().
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METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects three parame-
ters: 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 B fE.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyObject* 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 B fE.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that con-
tains 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 B RE.

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 PyCFunction, with the self parame-
ter, and a PyObject* 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 staticmethod () 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 re-
peated 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 corre-
sponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in place of the
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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

type PyMemberDef
Structure which describes an attribute of a type which corresponds to a C struct member. Its fields are:

2} C A 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

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 #RsR
T_SHORT short

T_INT int

T_LONG KA
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBIJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR char

T BYTE char
T_UBYTE unsigned char
T_UINT oA B
T_USHORT unsigned short
T_ULONG T KR
T_BOOL char
T_LONGLONG long long
T_ULONGLONG | o455 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. Try to use T_OBJECT_EX over T_OBJECT because
T_OBJECT_EX handles use of the del 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 members
can be deleted. (They are set to NULL).

Heap allocated types (created using Py Type_FromSpec () or similar), PyMemberDe f may contain definitions
for the special members __dictoffset_ , _ weaklistoffset_ and _ vectorcalloffset_ ,
corresponding to tp_dictoffset, tp_weaklistoffset and tp_vectorcall_offset in type ob-
jects. These must be defined with T_PYSSIZET and READONLY, for example:
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static PyMemberDef spam_type_members[] = {
{"__dictoffset__ ", T_PYSSIZET, offsetof (Spam_object, dict), READONLY},
{NULL} /* Sentinel */

bi

type PyGetSetDef
Structure to define property-like access for a type. See also description of the Py TypeObject.tp _getset

slot.
21 C & BX
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
closure | void * optional function pointer, providing additional data for getter and setter

The get function takes one PyObject* parameter (the instance) and a function pointer (the associated closure):

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 PyObject* parameters (the instance and the value to be set) and a function pointer (the
associated closure):

typedef int (*setter) (PyObject *, PyObject *, woid *);

In case the attribute should be deleted the second parameter is NULL. Should return 0 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
PyTypeObject 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 17 -7 section provides at-a-glance insight into the meaning and use of
PyTypeObject.
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12.3.1 RiESE

”tp E”

PyTypeObject #&' Type Lo YAkl L3 =
=S
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__ G
(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 €
tp_call ternaryfunc _call__ X X
tp_str reprfunc _ str X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __setattr__, _ delattr X X G
tp_as_buffer PyBufferProcs * %
tp_rflags P e e XX |?
tp_doc const char * __doc X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc It ,_le_,_eq_,_ne ,| X G
g ,_ge
tp_weaklistoffset Py_ssize_t X ?
tp_iter getiterfunc iter X
tp_iternext iternextfunc next 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 _get X
tp_descr_set descrset func _set_,_delete__ X
tp_dictoffset Py_ssize_t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc __new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases__ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
TTIdkLE
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F1-LW
PyTypeObject #&' A5/ B =
IS
gngl
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor ‘
[tp_version_tag] P nen il
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc
sub-slots
] Type L CRAVIRES
am_await 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__ __ Irpow__
nb_inplace_power ternaryfunc __pow__
nb_negative unaryfunc __neg__
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__

! 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

”(”: 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 value

(it should be NULL)

? — PyType_Ready may set this value depending on other slots

Also see the inheritance column

”I”: inheritance

b

o°

QR

Note that some slots are effectively inherited through the normal attribute lookup chain.

- 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;
— it's complicated; see the slot's description

see the slot's description

12.3. Type M&
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F2-8LEW
il Type HHAE
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__ _ rxor__
nb_inplace_xor binaryfunc __XOr__
nb_or binaryfunc __Oor__ __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__
sg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sq_item ssizeargfunc __getitem__
sqg_ass_item ssizeobjargproc __setitem___

__delitem___
sqg_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 SRR iR [E A
allocfunc PyObject *
PyTypeObject *
Py_ssize_t
destructor void * void
freefunc void * void
traverseproc A
void *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc o
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc oA
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc A
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
Chapter 12. 3Rt
descrsetfunc Al
PyObject *
PyObject *
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2 [iSlot Type typedefs HATHZ HEANE .-

12.3.2 PyTypeObject Definition

The structure definition for Py TypeObject can be found in Include/object .h. For convenience of reference,

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
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 */

(Python 2)

*/
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getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;

} PyTypeObject;

12.3.3 PyObiject Slots

The type object structure extends the PyVarObject structure. The ob_size field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that PyType_Type (the metatype) initializes
tp_itemsize, which means that its instances (i.e. type objects) must have the ob_size field.

PyObject *PyOb ject . _ob_next
PyObject ¥*PyObject . _ob_prev

These fields are only present when the macro Py_ TRACE_REF'S 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 PY THONDUMPREF'S is set.

Inheritance:

These fields are not inherited by subtypes.

Py_ssize_t PyObject.ob_refent

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.
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PyTypeObject *PyOb ject .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 sPyType_Type. However, for dynami-
cally 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 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. PyType_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 t p_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:
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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_itemsize field, types with
variable-length instances have a non-zero t p_ i t ems i ze field. For a type with fixed-length instances, all instances
have the same size, given in tp_basicsize.

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the “length” of the object. The value of N is typically
stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_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_size 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 initializer
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_basicsize. 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 t p_ i temsi ze, it is generally 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 reference
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 (us-
ing the freeing function corresponding to the allocation function used to allocate the buffer), and call the type’s
tp_ free 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 tp_free. The object deallocator 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 us-
ing PyObject_GC_New () or PyObject_GC_NewVar ().

Finally, if the type is heap allocated (Py_ TPFLAGS_HEAPTYPE), the deallocator should decrement the reference
count for its type object after calling the type deallocator. In order to avoid dangling pointers, the recommended
way to achieve this is:
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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_VECTORCALLis set. If so, this must be a positive integer
containing the offset in the instance of a vectorcall func pointer.

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 t p__ca 11 and make sure its behaviour is
consistent with the vectorcallfunc function. This can be done by setting tp_call to PyVectorcall_ Call ().

g e Ttis not recommended for seap rypes to implement the vectorcall protocol. When ausersets__call_
in Python code, only #p_call is updated, likely making it inconsistent with the vectorcall function.

{Ef#: 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 Jit B ¥ 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_VECTORCALL flag is not always inherited. If
it’s not, then the subclass won’t use vectorcall, except when PyVectorcall Call () is explicitly called. This
is in particular the case for heap types (including subclasses defined in Python).

getattrfunc Py TypeObject .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 tp_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 Py TypeObject .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.
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Inheritance:
Group: tp_setattr, tp_setattro

This field is inherited by subtypes together with tp_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 asyn-
chronous iterator protocols at the C-level. See Async Object Structures for details.

3.5 #ri I 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 PyOb ject_Repr ():

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> is returned, where %s is replaced by the
type name, and $p by the object’s memory address.

PyNumberMethods *Py TypeObject .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 Py TypeObject .tp_hash
An optional pointer to a function that implements the built-in function hash ().

The signature is the same as for PyObject_Hash ():
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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 t p_hash slot being set
to PyObject_HashNotImplemented().

Inheritance:
Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with tp_ richcompare: a subtype inherits both of
tp_richcompare and tp_hash, when the subtype’s tp_richcompare and tp_hash are both NULL.

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 str (). (Note that str 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, PyOb ject_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 PyObject_GenericGetAttr (), which implements the normal way
of looking for object attributes.

Inheritance:
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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 PyObject_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:

PyBaseObject_Type uses PyObject_GenericSetAttr ().

PyBufferProcs *Py TypeObject .tp_as_buffer

Pointer to an additional structure that contains fields relevant only to objects which implement the buffer interface.
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 Py TypeOb ject .tp_£flags

This field is a bit mask of various flags. Some flags indicate variant semantics for certain situations; others 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_traverseand 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, # and f, and checks
whether tp->tp_flags & f isnon-zero.
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Py_TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using PyType_FromSpec (). In this case, the ob_type field of its instances is considered a reference
to the type, and the type object is INCREF’ed 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 INCREF’ed or DECREFed).

Inheritance:
27?7
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:
77?

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:
77?
Py_TPFLAGS_HAVE_GC
This bit is set when the object supports garbage collection. If this bit is set, instances must be created us-
ing PyObject_GC_New () and destroyed using PyObject_GC_Del (). More information in section

1 3¢ % KA F 3 A3 1 38 = ). This bit also implies that the GC-related fields tp_traverse 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 bitis inherited together with the t p_traverse and tp_clear fields,
ie. if the Py TPFLAGS_HAVE_GC flag bitis clear in the subtype and the tp_traverseandtp_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:
277

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 to
meth (obj, *args, **kwds).
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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 temporary
”bound method” object for obj .meth.

3.8 FrhYiE.
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_fIlags 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.

3.8 UG EL#8F&: 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 B HE.

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:
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int tp_traverse (PyObject *self, visitproc visit, woid *argqg);

More information about Python’s garbage collection scheme can be found in section 1 %} % & 7 & 8335 3%
=D

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
of a tp_traverse function simply calls Py_ VISTIT () on each of the instance’s members that are Python
objects that the instance owns. For example, this is function local_traverse () fromthe _thread extension
module:

static int
local_traverse(localobject *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return 0O;

Note that Py_ VISIT () is called only on those members that can participate in reference cycles. Although there
is also a sel f->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.

% M. 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 viathe tp_weaklist
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 VISTIT () requires the visit and arg parameters to local_traverse () to have these specific
names; don’t name them just anything.

Heap-allocated types (Py_ TPFLAGS_HEAPTYPE, such as those created with Py Type_FromSpec () and sim-
ilar APIs) hold a reference to their type. Their traversal function must therefore either visit Py TYPE (self),
or delegate this responsibility by calling tp_traverse 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 Ji 55 2 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 flag
bit, tp_traverse,and tp_clear are all 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 *);
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The tp_clear member function is used to break reference cycles in cyclic garbage detected by the garbage
collector. Taken together, all tp_ c1ear functions in the system must combine to break all reference cycles. This
is subtle, and if in any doubt supply a tp_clear function. For example, the tuple type does not implement a
tp_clear function, because it’s possible to prove that no reference cycle can be composed entirely of tuples.
Therefore the tp_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 contained
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 ob-
jects 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 tp_dealloc function to invoke
tp_clear.

More information about Python’s garbage collection scheme can be found in section f# %} % & 7 & g3 353K
E=DL.

Inheritance:
Group: Py_ TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_traverse 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.

richcmpfunc Py TypeObject .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 TypeOb ject.

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 ():
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B XFER
Py_LT | <
Py_LE | <=
Py_EQ | ==
Py_NE | !=
Py_GT | >
Py_GE | >=

FE PN RN T ik gn 5 3 & 1 LR R
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 PyOb ject_RichCompare ().

The return value’s reference count is properly incremented.
On error, sets an exception and returns NULL from the function.
3.7 FrihhE.

Inheritance:

Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with t p_hash: a subtype inherits t p_ richcompareand 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. However, 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 11 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.

When a type’s ___slots__ declaration contains a slot named __weakref__, that slot becomes the weak ref-
erence 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__, the type inherits its

tp_weaklistoffset from its base type.

getiterfunc Py TypeObject .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).
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This function has the same signature as PyObject_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_ i t 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 methods
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 PyMemberDe £ structures, declaring regular data mem-
bers (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 SetDe f 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).

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.
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{Efi#:  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 required 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, t p_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 mech-
anism).

Default:

If this field is NULL, Py Type_Ready () will assign a new dictionary to it.

e It is not safe to use PyDict_SetItem () on or otherwise modify tp_dict with the dictionary
C-APIL

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 con-
tains 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 dictionary 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_itemsizeand tp_dictoffset aretaken 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 statementhasno ___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 aslotnamed __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 tothe __init__ () method of classes. Like __init__ (), itis 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__ ().
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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 tpp_new returns an instance
of a subtype of the original type, the subtype’s tp_init is called.

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 Py Type_GenericAlloc (), toforce a standard heap allocation
strategy.

For static subtypes, PyBaseObject_Type uses PyType_ GenericAlloc (). That is the 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.

freefunc PyTypeObject.tp_£free
An optional pointer to an instance deallocation function. Its signature is:
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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:

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_ GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del.

inquiry PyTypeObject .tp_is_ge
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_ f1ags 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 *Py TypeObject .tp_subclasses
List of weak references to subclasses. Internal use only.

Inheritance:
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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 Py TypeObject .tp_del
This field is deprecated. Use tp_finalize instead.

unsigned int Py TypeObject .tp_version_tag
Used to index into the method cache. Internal use only.

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_finalizeisset, 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)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

Va4

/* Restore the saved exception. */
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.

%W

”Safe object finalization” (PEP 442)

vectorcallfunc Py TypeObject .tp_vectorcall
Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for type .
__call_ . Iftp_vectorcall is NULL, the default call implementation using __new__and __init__is
used.
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Inheritance:
This field is never inherited.
3.9 iR HE: (the field exists since 3.8 but it’s only used since 3.9)

Also, note that, in a garbage collected Python, t p_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.

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

type 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 # 5 #/-13L 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_1lshift;
binaryfunc nb_rshift;

(FItaks)
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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_lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;
binaryfunc nb_inplace_or;

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;

{iff:  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.

{Efi#: The nb_reserved field should always be NULL. It was previously called nb_1ong, and was renamed
in Python 3.0.1.

binaryfunc PyNumberMet hods .nb_add
binaryfunc PyNumberMet hods .nb_subtract
binaryfunc PyNumberMethods.nb_multiply
binaryfunc PyNumberMethods .nb_remainder
binaryfunc PyNumberMet hods .nb_divmod
ternaryfunc PyNumberMethods .nb_power
unaryfunc PyNumberMethods.nb_negative
unaryfunc PyNumberMethods.nb_positive
unaryfunc PyNumberMethods .nb_absolute

inquiry PyNumberMethods .nb_bool
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unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMethods .nb_lshift

binaryfunc PyNumberMethods .nb_rshift

binaryfunc PyNumberMet hods.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 PyNumberMet hods.nb_inplace_subtract
binaryfunc PyNumberMethods.nb_inplace_multiply
binaryfunc PyNumberMethods .nb_inplace_remainder
ternaryfunc PyNumberMethods.nb_inplace_power
binaryfunc PyNumberMethods .nb_inplace_lshift
binaryfunc PyNumberMethods.nb_inplace_rshift
binaryfunc PyNumberMethods.nb_inplace_and
binaryfunc PyNumberMet hods.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

type 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 PyOb ject_GetItem () and PySequence_GetSlice (), and has the same signa-
ture as | PyObject_Getltem. This slot must be filled for the PyMapping_Check () function to return 1, it can be
NULL otherwise.
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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_Setltem, 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

type 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 sq_itemand the sq_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.

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 sg_length slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sq_item. If sq_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 (). It is 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 (). It is also used by the augmented assignment *=, after trying numeric in-place
multiplication via the nb_inplace_multiply slot.
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12.7 Buffer Object Structures

type PyBufferProcs

This structure holds pointers to the functions required by the Bujfer 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->obj to NULL and return
-1.

(2) Fill in the requested fields.
(3) Increment an internal counter for the number of exports.
(4) Set view->o0bj to exporter and increment view->o0bj.
(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->obj will be a new
reference to the root object.

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, suboffsetsand 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 PyBufferProcs.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 internal 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).
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PyBuffer Release () is the interface for the consumer that wraps this function.

12.8 Async Object Structures

3.5 FR I EE.

type PyAsyncMethods
This structure holds pointers to the functions required to implement awaitable and asynchronous iterator objects.

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);

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

typedef 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_s1ize field should be initialized to nitems and the length of the allocated memory block should
betp_basicsize + nitems*tp_itemsize, rounded up toamultiple 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.

typedef void (*destructor) (PyObject*)
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typedef void (*£reefunc) (void*)
See tp_free.

typedef PyObject *(*newfunc) (PyObject*, PyObject*, PyObject*)
See tp_new.

typedef int (*initproc) (PyObject*, PyObject*, PyObject*)
See tp_init.

typedef PyObject *(*reprfunc) (PyObject*)
See tp_repr.

typedef PyObject *(*getattrfunc) (PyObject *self, char *attr)
Return the value of the named attribute for the object.

typedef 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.

typedef PyObject *(*getattrofunc) (PyObject *self, PyObject *attr)
Return the value of the named attribute for the object.

See tp_getattro.

typedef 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.

typedef PyObject *(*descrgetfunc) (PyObject*, PyObject*, PyObject*)
See tp_descrget.

typedef int (*descrsetfunc) (PyObject*, PyObject*, PyObject*)
See tp_descrset.

typedef Py_hash_t (*hashfunc) (PyObject*)
See tp_hash.

typedef PyObject *(*richempfunc) (PyObject*, PyObject*, int)
See tp_richcompare.

typedef PyObject *(*getiterfunc) (PyObject*)
See tp_iter.

typedef PyObject *(*iternextfunc) (PyObject*)
See tp_iternext.

typedef Py_ssize_t (*lenfunc) (PyObject*)

typedef int (*getbufferproc) (PyObject*, Py_buffer*, int)
typedef void (*releasebufferproc) (PyObject*, Py_buffer*)
typedef PyObject *(*unaryfunc) (PyObject*)

typedef PyObject *(*binaryfunc) (PyObject*, PyObject™*)

typedef PyObject *(*ternaryfunc) (PyObject*, PyObject*, PyObject™)
typedef PyObject *(*ssizeargfunc) (PyObject*, Py_ssize_t)
typedef int (*ssizeobjargproc) (PyObject*, Py_ssize_t)

typedef int (*fobjobjproc) (PyObject*, PyObject*)

typedef int (fobjobjargproc) (PyObject*, PyObject*, PyObject™)

224 Chapter 12. &St $F



The Python/C API, %% 3.10.0a0

12.10 5|

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, 0)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = "My objects",

.tp_new = myobj_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 */

, /* tp_itemsize */
destructor)myobj_dealloc, /* tp_dealloc */

, /* tp_vectorcall_offset */

4
reprfunc)myobj_repr,

~ N 0~ 0~

~

~ N~ 0~

O O O O O O o o o o
~

~

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

tp_getattr */
tp_setattr */
tp_as_async */
tp_repr */
tp_as_number */
tp_as_sequence */
tp_as_mapping */
tp_hash */
tp_call */

tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
tp_doc */
tp_traverse
tp_clear */
tp_richcompare */
tp_weaklistoffset
tp_iter */
tp_iternext
tp_methods
tp_members
tp_getset
tp_base */

*/

*/

*/
*/
*/
*/

(F ks
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/* tp_dict */

/* tp_descr_get */
, /* tp_descr_set */
, /* tp_dictoffset */
, /* tp_init */

’ /* tp_alloc */
myobj_new, /* tp_new */

~

~

O O O O O O

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, O)

.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,
i

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;

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):
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typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",

bi

The simplest static type (with variable-length instances):

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

1211 {EXRIEB THRBEI LR B

Python XFGEAG | FFBRAG I 5 M TR 2“8 WSR2, LB A 2 Rl et S H e A
W5, AMEGFHENSRPGI RN, 8038 LRAR TR (W ST E) sl R, AREEX
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HEAAE-NERE, KRN R Wep_flags F B W WA F Py _TPFLAGS_HAVE_GC I $2 it —
/]\tp_traverse ACFRASCEE . INFAZE B SE B AR, AR Bl cp_clear .

Py_TPFLAGS_HAVE_GC
WE T ARG AL B QA ZRAT & AL IC SRR o SR 07 (DL, T SCHEX BERT R PR A A XT 42
P AL M 3 pR L BT A A R -
1. WA PyObject_GC_New () B{PyObject_GC_NewVar () “hiX2si 4 Bl NTE .

2. WAL T BT AT RE R S AL ARG N P B . B AR Pyobject_GC_Track () .

TYPE *PyObject_GC_New (TYPE, PyTypeObject *type)
K Fryobject_New() , WEHTIRE T Py_TPFLAGS_HAVE_GC WM AXT 5

TYPE *PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
HKTPyobject_NewVar () , ERATWE T Py_TPFLAGS_HAVE_GC FRAMIZ N4 .

TYPE *PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ ssize _t newsize)
HNpPyObject_NewvVar () FroyBixt G dgrif R N a2 [l 4 K /1 3 G e 26 I 3R [8] NULL.
op WhZT i RAFILIR M1 SCHR 18 55 o

void PyObject_GC_Track (PyObject *op)
TEXH‘%! op MBS I AR ER BRI AR AR X R A o XA RICAS ER BRI A AURFE A5, PR It

BETEALMTIMEF 471217 . fEtp_traverse PRI A FEBAS ARG, AR IL %L, (@ HAE
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int PyObject_IS_GC (PyObject *obj)
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1211, EX R TFFIFTGIR B 227




The Python/C API, %% 3.10.0a0

TSR R G ] 0 MG Toyk a3 P E
int PyObject_GC_IsTracked (PyObject *op)
AR op RZIEBLSLIL T GC ¥ H. op H B IEREIR BB MR E 1, 75 [E 0,
XZEPITF Python pR%( gc.is_tracked().
3.9 FriIfE.
int PyObject_GC_IsFinalized (PyObject *op)
R op WEWRBLIL T GC il H. op © &P IR TS A Z5 MR E] 1, Wz [E 0,
XZEPIT Python pR#{ gc.is_finalized ().
3.9 FrihfE.
[FIRER, AR AT A 2L FL
L eS| B A P BRI, AR PyOobject _GC_UnTrack () .
2. WA PyOobject_GC_Del () BN
void PyObject_GC_Del (void *op)
RO G ATE, BX R PyObject _GC_New () BiPyObject _GC_NewVar () S FEHAF.
void PyObject_GC_UnTrack (void *op)
MBI REBEMAESNREGTRER op X R & AT X R E K
M PyObject GC_Track () PAXF H I Ial 3] 4 81 B2 0 R 4R . BEILAR (cp_dealloc FAR) M4
TEtp_traverse HRETE AL - BERRCZ WA S0 I R 4R
1E 3.8 it B Ii: _PyObject_GC_TRACK () fll _PyObject_GC_UNTRACK () M AH C API 5[,
tp_traverse ALBEI AN RAR REIES

typedef int (*visitproc) (PyObject *object, void *arg)
Gt tp_traverse AP BRELVIZEEL . object J2 254 W 75 B0 T I — X4, 58 = ANTES XTI
Ttp_traverse AbPRNY arg . Python oLl I 241 17135 B AL SE EUIEIAS | FH B3kl , AFgZ M -
B AT 0] 35 PR AL

tp_traverse AR DA R

typedef int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
T 2SR R I R B SE BTN self it LD S B S0P R ) visie eREC, visit ITE S
B S RN L AL PRRR P 1) arg {H. visit BRECIR N TR NULL XPRAE N SE. AR visit 1R Bl HEZ
B, DURZAENY 240 s R o]

H T Mt _traverse ALY SCBL, Python &Pt T — APy VISIT() R, HEMMH X AR, LA

Wep traverse IZEA4 N visit Fl arg .

void Py_VISIT (PyObject *0)
W o Ak NULL, WVE visie BB, M S50 Tl arg. WIS visit 3R B —ANHEZAE, W3R [E%AH .
ML EZ G, to_traverse AR RYIEALANT:

N

static int
my_traverse (Noddy *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear AbPRRRF AN inquiry FE8L, WISRXIGR A AE N)2h NULL,

228 Chapter 12. &St $F



The Python/C API, %% 3.10.0a0

typedef int (*inquiry) (PyObject *self)
LIRS . AN GATE S ., FO MBI T RE B RS . FF%
HREMR, SRAEWH M INERLAe AR CREEXsIH R py_DECREF () Jrik). 2Bk
WCAS AL B A ARG | I P iy, O A Wi A -
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29-32 PY_RELEASE_SERIAL (3.4.1a2 12, :A&RAH 0)
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A 3207 2280 & XAE Include/patchlevel.h,
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e HERCEAOL (-1 PO AR) OSSR, ERAEREAT SN 1, TSN J. Python NI TR
By sofy, RN TREARC 20 g —A 5 52, Bl 3+15. WIPRTEE math BEH AT HX)
WARBURA, #HH cmath, RERMEARE — DB RAECARE. NRIREBOERA L, ZIEE
LT A AL

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

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

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

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

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

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

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

AR IR, DU AR B0 ST S R Se 55

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

@staticmethod
def f(...):

[ AR S S 28, (Bl R . A X ER RIS 7T 2 0L sREE SO 2858 SURY SCRY
descriptor -- §liik#s (TEX T _get_ (), _set_ () Bl __delete_ () H¥EMMNE. B—PLEMHE
HHERZRES, BRI T S B A R L . EEE T, a.b RARE. R E SR
— BT STE a R FHAERATN b BIXTE, BAR b — R, WS X R b 4%
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Tiike BEARA SSRGS 2 IR AR Python (1Y ¢ 68, XN 2 1 2 B BEARIE I BLA , (04 B2
Jriks JEtE. ROk BESOTIRLA BRI G AR

B KAL) ERFE 7T 2 descriptors.

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

dictionary view -- ‘FHLPLE M dict.keys (), dict.values () Ml dict.items () IR [E I XT LR N F
WAL AR TFHAEN D SHE, XEWE Y FRSUER, WEESHHN . TGS
L R N BUE A3, ] 1ist (dictview) . £ dict-views.,

docstring -- SCRY AR (o038 BT ISR — Dk IR FAF B P . EXEUS AT &
BB, HBREARR I A RBEBIRAY __doc__ @M. mTErHTRIBNA,
BERR S RAF O LS AL

duck-typing -- 1§ 7 R%! 45— FPgRAE AU, EHAUEREARXT QRO E 2B B IR 0, 2
BB R sm e (“RERB T, mWERBERN T, WasEmEN . ") bk
HmAERRE R, B R AR AR A i v 2 SR AORSE T Rif k. 191 ARG type () 2K
isinstance () M. (HZERMGT-IEBRT AGE ] 30 %28 5 AR FE. ) MIFEE SR hasattr ()
Kl 2 EAFP A o

EAFP “SRFEEHORVFAIEA 5" M90S o X Python 5 AU 2 55 XA 2 {18 5 I o 1) o o J A AE
FHAEARE 5 DRI AR S . PRI PRt WU ) Sl e Kz ] try Al except iHA]. FHAIR )
MR FTELBYL W%, #ILT C 2 HARIE S .

expression -- Fih A W DK SANMEMTEARIC. BAihil, — DA RB RO FIH{E, 45K,
JEPET A IEFATER BRI IIL S, ENEEE SR AME. SUZHAMEF AR, HIErAES
i PEEE R IAFFEA BB R B statement , Bl while. WK{ERREETEAMAEREA.

extension module -- §JEREH DL C 5 C++ Gi 51, i/ Python [¥) C API Sk 515 F %0 A K AR iE
1A H..

f-string -- f-P4FEp VA £ B0 T F BT AT ER F I EE RN f-EArERY B AS LSRR R S TR
8% . 2 PEP 498,

file object -- SCPFXFGe X S AL 1) SCPF APL DA FRBHEIIXT S (FF read () B write () EAEHTS
5) o MRIEHAUET SRR, SCHRSR AT DAL P BLSCRE L SCHF, XA fE, SR IE ISR
AR (PIANbRHERR A/ . ARG X BT B ) . U R WP ST 3 2 80A.

S b A =R B SO SR SRR = ] S, G =) S DA SR . BT E
TE fo b, AR SR TE e A open () PR%L.

file-like object -- SLPER G file object WR] Xid].
finder -- A EREY — PP Y F A loader FIX5

M Python 3.3 SEFFAE AR A &R 88 Tk 125 K% il sys.meta_path i, PA Kpath eniry
finders fit & sys.path_hooks ffiff].

LTS5 0 PEP 302, PEP 420 | PEP 451,

floor division -- [n] FIUEEBRIE 1] 1 48 A B ST BB B A Bk . 1al R BRIE B BT 2 /7 o BN,
FkX 11 /7 AWRITEERE 2, MR ZFSEWEIERERR 2.75 . FE (-11) //
4 £ -3 Ak SR -2.75 @ TR ASRI4EE . W PEP 238

function -- F%L 1] DA UE FH & R B EAME R — 2B R) . 8 0] DA HAZ AT ZA S 4 HAE AU AT
Wil « 5 Wparameter, method F1 function Z&75,

function annotation -- FRECkRTE B4R o HUE 2 80R [MHE ) annotation
PRECPR YR T2 2042 7 - BIPA R BRI 2 A int ZEOFHURR E—A int {H:
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def sum_two_numbers(a: int, b: int) —-> int:
return a + b

PR HETEVA R TEAR I function —7
12 F variable annotation F1 PEP 484 X} I I REAIHEIA .
_future__ —FhPhISEHe, IR 53 TR 45 24 1 AR RS N AR BB o e

i?.(iﬂ}er/\ _ future_ BRI XFHE A RAR EORE, AR DA B AT i O AGE 7 DA S AT B
2RIA:

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

garbage collection -- WY Inifi RO FEA A B 7725 BRI A2 . Python S i 5 | VT AIOM— A~ BEAS A6
%D?MBZT}E%%'IH%E’Jf)ﬁﬂﬁﬂ@%%&ﬂéﬂhﬁiﬂ;&ﬁllﬁlm AT DAE ] o AR 42 i 135 ] it -

generator -- ZERES IR [0]—Ngenerator iterator W RREL. BB ARG K%L, Klﬂ MAETHAS yield £
iﬁfﬁ%@ﬁzi FIMEMLS for-TEEAE A U2 i next ( @Wﬁ*%’%

HORAR AR AL, (HAER LB OU N ] RE RS A B ik ﬁu%ﬁﬁ%{%%% BRI S, il
Hﬂ%ﬁxb&ﬁﬁélﬁix

generator iterator -- K3 IEIRES generator BT RIZIINTE

t/l\ vield IR EHEALRE, DAL ERAPIRE (AR RFEEER ay 154)) . Mi% &£
B RBMZIN, BEoNEIFALERSIAT (X580 AR AHT T 46 45 18 R E 2 IR ) -

generator expression -- 4 g5 LA & o] — PR AR FRIK. b%ﬁ.%@@%xﬁ%ﬂjﬁf:ﬁﬂ?ﬁmXT
—AMESRAE R JEER for FA], AK—AWER 1f TA4). PANEARBER S NINZ BB —
HE:

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

generic function -- {Z IR AR [A] B9 2B S IR (R BR VR R 2> eRBOIr A R pR . 6 T8 s 25 ph R BEGREYA
SR 2 % fol FH A SE B

% Wsingle dispaich RiEZF4<H . functools.singledispatch () 2E/MigsPA & PEP 443,
GIL Z: W global interpreter lock

global interpreter lock -- 2 JRfiERESS B CPython fRRERR TR B9 —FPHLE], 00O~ 2] A — AR
AT Python byrecode, WAHLHIEML B BN G (FLHE dict SFHRE N ERA) EHXF L5 a2
2 fafb T CPython SCHL. Z5HEAMRELS I DL AR REAR Z A ARBI T 8, HAM Wit T2 4k
RS ERYIEATIE.

A, HELEHRE B B =07 R R RS T A SRAT T R S ZAT 55 A s 45 s A IR GIL
SO, FEAT VO #AERHB 2 SR GIL.

Az —A~ (U\Efkéﬂihfh%%ﬁﬂi RN ) “QEHQ)%*M TRRELR IS5 T AR IRAG T, R Ak 2 4k
TEAH HE AL PRES I OL T P RE « PEE v R AP B8 a8 H iR S B AR IS B A J% AT B X DAZE
s

hash-based pyc -- 3& TRy A1) pyc 5 R J5 SO A i (ELIT 3 B 5 48 50 s) TR) DA aff o HoAa e 2 i 2 A
XA, 2, pyc-invalidation.

hashable -- ﬁ"{a‘ﬁ — AR G W A (B A SR AE AR Ay S N AR O, SRR TR A (ERERA
__hash__ () J7¥k) , HATARABXT R BT (EREREA _eq () K)o WTAI R L
fﬁﬁﬁ*ﬁﬂﬂ’]ﬂ“%ﬁﬁ%iﬁ iR A S
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]G A P QAR X SRR AT SR AR B I A BT, PR DAk S Bl A A PRS0 s A fE

KRZ% Python H R AIAE N EXT G2 AT Av i) AIARZR: (Blans)Raliy ly) ARG Ay ARare
ey (BIANTCA A frozenset) (4B AT TCRII Ny AT G Ay I A 2 PTG A0 P SO LBl R 2R
IWRAIGAR . ENTERER—2E A ME (BRSO HR) . ENRma L se BT Enm
id ()

IDLE Pythfg&n B IDE, “GERIF K 525587 PP CHEE . A2 Python FRiE & 4T FE i 1 4% 2 2 1 AR
RIS

immutable -- AAn[28 HAFEEEATRSR . AR RUERT . FAPHRHCH . XN RA BB .
%;%@ﬁﬁgjﬂ/l\ﬂﬂé@ﬁ, WA RIS R . ENTET 2N R A (R R w2, il
(SRS EliuL

import path -- FABRIE MEZNLE (B4 2 50 ) HUMSNER, KPEIPIparh based finder JIRAH T A
Hir. AR, WATESFEEKRE sys.path, HIFRFABMATEER A LRME) __path__
JR Tk

importing -- § A 4— ML) Python fUSAE R 75— MELH Y Python ALY T 6 1 L .
importer -- AZY EHITMBBIRATII G WX GBEET finder g T loader

interactive -- 22 . Python i 5 — DA HAMEREAS . RIAR AT DAYERERE SRR/ AT J5 i AT AN RIR K, S RIER
TR AR . HHEATSEMIRS) python fird (AT PATEARIGTTFEALIT 46 3 8 rh bR AH 3 B2
) o FEMHRH AR S A AN (L A R X Ay AR B (A help (x) ).

interpreted -- figBE%Y Python —@FMFREALE T, 52X XA @4miFAUE S, BRI X5 i T 17 15 4
AR AR A TR o SRR PRSP T DA B A7 T AN 6 S X B T AT SO et T R
RUTEF B B AR AOE T AR R, (R HAR P s TS g . & Winteractive,

interpreter shutdown -- R BEZ JCPH AR AT, Python f#REGHRFUEA—ANMFRIRIZ AT BT B S BT
AEDECTE, FIATHRAN S T BN TREE IS . BEIE LRI =D % o XSl e S
a2 555 U R A A HAAT o 8K PRI BERAT AU T RE B B A Fmes PR LB OB ) B U
EAFAR (LB PR el AL <) o

fEREAR 5 2R I ERE A __main_ BUREHTE T BIA E 5 AT -

iterable -- W[ IEACR} 4 BEAS B — 1R [n] Ho B A 4. WA G A 1 T3 B AT R A 2R B (B st
str fll tuple) DA EEEAE A RTUGIAN dict, T 2 ARENLT __iter_ () HEHKZELMT 5
7 1B __getitem () FYERMTE BB XIS,

AR R T for TRIRRA R 2 HA TR 2P AT (zip () map () ...)o Y—PH[ER
MENERN SR H N EREL iter O B, BSRENZAZERL . XAEAREH TAHEEAEN—
AR T o AEME A BT R n), REFATERA iter () 305 B OAPERIEN SR . for iBMSH
1R B BALBEIRSEHAE B — NGB I A iy 4 78 5 F R FE R R I R AL AR . S Wliterator . sequence
PA M generator

iterator - BARZF JRFIR —EHBLIRAMIXT G . ERIMMIBAAN _next__ O Ik (LS NE
PR next () FFBAR IR A 24 BEA BTG % stopIteration FH. FXmfk
B R PR EIRITCFET, BER M __next_ () AR ARG K stopIteration 7. i
ARG __iter () JIAAPRIRENRZENAX S H 5, NHGAE D @ i IR AR, Ak
AT HARRTEACK GE MR — A BEWPISNE IS Z R E P R . A%
X (B List) EAREERITHALA iter O MEEURTE for JEFF P EMER S A — DRk
Hgse WERTEBETE I RS I A S 0 20 17 2 1 15 A AR R I Y [F] — iR AU x5, LA
EA B

W25 B £ typeiter,

key function -- Bt R i pR R R L pR K, 2 BB 1R 0] ] - HE Py B HECZAY(E A nT R X SR « B, Locale.
strxfrm () AT A TG AR HE Y 29 % R i -
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Python W 1 £ T A #F fu 1 AT 48 ek HIOR # il oo R HEAL 840 4107 K. Hdh 46 min (O, max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapq.nlargest () PA K
itertools.groupby ().

PR ECE 2Rl B, str.lower () J¥EW DURVEZIE K/ NG HEF O BERE T34,
HEPRE AT 1ambda RIKAORAIEE, H40 lambda r: (r[0], r[2]). ifH operator kit
T =R B ESY: attrgetter (). itemgetter () flmethodcaller (). WHaHE WHTHET
— 7 ASR IR AN 5 FH B R B s 191

keyword argument -- #2280 S Wargument .

lambda Hy—A> B llexpression ¥4 A VE 2 IR R AL, FRIBASTEVH A BB RME . B2 lambda bR %07 435K
lambda [parameters]: expression

LBYL “Je#iFJGHkR” M0 X5 . X gn 5 XAS e T H Bl A 4 2w e AU Hb S A p e 25440 itk
WAg 5 EAFP J72Uta O e, HoARR RUR R 1 £ i54),
TEZ LMY, LBYL i 38 “&F” Ml “BkER 2B & AEFsed . flan, AR if
key in mapping: return mappinglkey] AJREH TR A EAE 2 G HAMLKAE N mapping H 5
T key T H AR o 3K R AT S M B s (5 H EAFP J7 Ok ffEk o

list -- 51 Python [N ] —Ffsequence. BIRZ AHNF, (HF AT HAWEF P g mAEsE8:013%, R
Vi TC R WIS AR O(1).,

list comprehension -- F#Hfi X b B — A )3 71 (%) Ir A B8R 4 T R OIF R [ 45 R 5 R iy — M BB B k.
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] ¥FLEK—70
#] 255 5 FE S SRR EON AR (0x.) BB o if P ATEERY, A0 SR A g
range (256) PHTAICRE AL,

loader -- MRS ATTMABBIIIX SR . BAIE X440 load_module () Wk, MEgsiis h—1finder
R, g S0 PEP 302, X}Tabstract base class R] 2, importlib.abc.Loader,

magic method -- JEAR Jjik special method HAEIES[R] ]

mapping -- Wit — B SCRHE R AR S T Mapping B MutableMapping IG5 2 i Tl E ik m 2%
XS, 2 H T mFE dict, collections.defaultdict, collections.OrderedDict
PAS collections.Counter,

meta path finder -- LIRSS sys.meta_path IR TR AW finder, TCRRARA RS Spath entry finders
AFAE AR I AA A
A A importlib.abc.MetaPathFinder T fEICHAZEFRas T SLI T YE,

metaclass -- JLR —FpH TOIEEMAE. B8 LESEA . RPRFEENR, oRATTEZ R =124
HBIEA R B2 . B4 T )X R i ARG 5 AP 2 PR HE— N BRINSEH. Python ARSI Z AMFE T 7T AR
AEE TS KR H POKIEAFEXAN TR, (HYFE IR, JoIEnT S ptsn K oA iy
Z. ENCHH TCEE T HE . MR ar: ., IRE e, St agl, AT 2455
L5 S I metaclasses.

method -- Jjik TEIEPERE S REL. QIERAVERZ R SEBI — AN BRI, i S SRS A
HE—Aargument GRE 4N self). & function fnested scope.

method resolution order -- Jj i fRMT I 5 A R I 3t A2 A0 22 48 % O s 48 2R B LS I I I S JG W o 1
2% Python 2.3 J7EfEFTINT THRE 2.3 AT Python FEHTERT FAH 22 B 1161 .

module -- il JEX 52 Python AU —FPAH G, AR EAG ST ) v 45 25 10], A 6075 4% & Python X
G, M@ i importing AFREINZLF] Python i,

Y Wpackage.

module spec -- BEJL RS — iy &4 2500, HAp S T s A X 3 AE . & importlib.
machinery.ModuleSpec B,
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MRO Z: iLmethod resolution order ,

mutable -- W[ AIASXI QAT ATEH id () PRAFEE AT OL T S BB, 55962 Wimmutable.

named tuple -- HA#edl ARifi “HAI04” W TAEMAR A ocdl, I BB RS [JoRIEREM T 4 K8
PRV SRR . XY SR AL B 2R ] REH A HARR I
HENERBETHA T, 3, time.localtime () fll os.stat () PREME. 5 —A0lF 2

sys.float_info:

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance (sys.float_info, tuple) # kind of tuple

True

e H 2 Te 2 A P BB (fan BT a1 ). BeAh, B4 e w5 A E X tuple 4RI L
LB Aok A . XEERETT AT TS, 835 i 1) R4 collections.namedtuple ()
g, JE—fr RSN —2F T4 5 o N B 54 o H I A 1IN v «

namespace -- iy 4530 G S HEAFBE BRI, S EA R SRAMNER, 82 inE
i s IEﬂ (TEFEZMN) . s 23 [E B 1E a2 th 2R SR b . BN, s builtins. Open '?
os.open () AT H 14 25 AR K Ax . A 2 (A0 1 B TR A e 5 SR R Fiok 35 Bl
ﬂiﬁ‘l‘i*ﬂ—ﬂ’ﬁi‘)ﬂ@ N, random.seed () B{ itertools.islice ( SUFFIJ%{?EED%EETJX%@@;E
i random 5 itertools A BISZIR .

namespace package -- #y 473 [H{L PEP 420 5| Af—f U9k HAE B RR Bpackage, fin s 23 [ 67T DAY
AR ERY, /\T”jijjiﬁ Hregular package AJa], BHEATRA __init__.py .
02 Wmodule,

nested scope -- ik EE IR 75— E GEFE NG| A BERIRE S . BN, 1E5 —REZ W E LR BT PAG ] H
R AR B . TE T B IR S5 A RO S TR TCRL . SRR As B i e S AR Z IR T i N EAE
iﬂ;ﬁz KU, &R ERMESWERT2RMA 0. #id nonlocal FEFEN] ARFEAINZER

new-style class -- H X% X H w5l S8 T A 5 028 X0 IHFRIE - 76558 /9 Python fiUAR 1, U X
JERES (8 ] Python B 38 R IGER:, BN __slots_ fidfF. FFEJEM: . _ getattribute_ ().
RGBS 5,

object -- W R (LATEARES (BMEe(E) PARTE TN (k) AR, object 2T ilnew-style class f]
RIZEESY .

package -- {4 —F A TASH B S ML 6L 5 T 6117 Python module, MFEAR Lk, 24 H __path_ J&
P[] Python A5,

%2 Wregular package Flnamespace package.

parameter - JE5 funciion (BJr¥k) i P If & S50k, AR BB A2 —argument (S22
W, 2A49%%). HTMES:

s positional-or-keyword : {EB KT, FaE— DA DMER L B 440 8 AW DAMER % 4t 5 S 1%
AWSES . KRBIANIES AL, Gl RIE R foo Fl bar:

’def func (foo, bar=None): ... ‘

* positional-only: {XFROIE, & — A REEEIL A E L ARKS . ARAEE S e ek B0E X
MIESIR P EN 2GS —A / FARES, BIATTIE T posonlyl Hl posonly?:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘
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o keyword-only: {URFEET, FHE— N HEGEN REFEANSE. PR 47 IE S ]l e sk 4L
BN IES Y R G AT A E T S B AE L N AN B IS 2 Bii— * Sk L, Bl
TR kw_onlyl Fll kw_only2:

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

* var-positional: F]AE( ., € W] ASRME t— MEBECR A OB S B BT (FEITEHALE 2
CERZNESHZIG). ZFES RS AR * RE X, Bl FE args:

’def func (*args, **kwargs): ... ‘

* var-keyword: WAZRHEF, HEE W] DASE UL IR R T SR (TR S B ez nh %
TFERZ)G) . BMESWEAEESZAAREME ** w3, BI LR kvargs.

FEZ AT PARIIS 95 5 PTEMLARE SR, tha] DA R LE T e S A0 e BRI E -

2 Wargument RiEFESLB . SHEESHXRANF R LA, inspect .Parameter 2%, function —
4L PEP 362,

path entry -- J4E A 11 import path F—ASBRIMALE, SBipaih based finder I REFRE T AR

path entry finder -- J%1%2 A N2 $8S F—R[ AR 28 sys . path_hooks (Bipath entry hook) & [8] ] finder
RPN S BRI i path entry S 78 fiABEHE .
5% importlib.abc.PathEntryFinder DA T #EKIEA D BRI LIS

path entry hook -- JE#EA V8§ —FP W XIS, FEHITE WM & 4R R R path entry BRI DL T Rghs
H sys.path_hook iR [M—A path entry finder.
path based finder -- J& T B AR R 2 BUAM—Rh Lk 12 & 3025, ATHE—ANimport path VA FRAF R .

path-like object -- 12K %R RE D U REBRN SR . BEAAR R A — D FRELEN str B
bytes X%, LA —NEIM T os.PathLike NS, — A 3HF os.PathLike PRI
AV os. fspath () BREEEWN str 8 bytes BRI RS EIE; os. fsdecode ()
os.fsencode () AJH5 B RIAIRIRTS st 8 bytes FERIMEER . A5 2 PEP 519 5] A,

PEP “Python 33 # 1" MY LHE . —A> PEP gi@— (i it 308, HISk ) Python #+ X$RHEF S, sifliid
— Python fY R M HE B ol BR5% . PEP [ 244 BORE B 1) B AR BAS A RT B SRR G R LA
PEP [ VE R $e th B @i R DR R IS 15 DA SR AT Python (3T HL 5K 40 5
SRR B ML . PEP WVEE A SULAEAL X YR 3, Ff R ) 2 e A SRS o
Z L PEP 1,

portion -- {5y H K — a4 A K A H SR NSO S (BRTREFFRCT > zip SUPFN) , HLpsE SO
PEP 420,

positional argument -- {35 ¥ %t 2 llargument.

provisional APT -- #2 APT & APL & 3545 B HERRAEARUE 21 ) J5 AR AR UEZ AN B 2 11 . B
SRR EE Tl A S A RS, (B REHGARC N &, 0T BETERZ O IF & 1 A U B 1
THATIE AR (R EEBRIZED) o WSO AR SHEREIET - (FE APTGINAZ i
R B ™ L I 4 A I AT R XA
RITE X APL R UL, [0 G AARE M E MR SN B g iy 27—l i) g i oA iR
2R RS IRA B —Fh ) JE AR A R R T %

XA PRI AR A VAR ME PERF SR W S, AN 2 T S KIS BE RT IR . 105 UL PEP 411,

provisional package -- #1 £ 4) Z: Wlprovisional API ,

Python 3000 Python 3.x AAE L AWERR (X144 FHERAS 3 1) KA B iR TR I Bl L B T ) o« AT i
WA “Py3k”.
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Pythonic f§— 8Bl — B U S B4 1 Python 155 B AT 00 WU AR, AN 2 o At 7 5 v o )
AR SR SRS . AN, Python B WS 2 (1] £or iEAIIGER A P — > AR AR S P Y BTy o0
o WZHAE T A AR, A Python I AT I 2 V6 — DT T B

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

TR R A 3515 B Pythonic (#7735 /& X FERY:

for piece in food:
print (piece)

qualified name -- ROE# B —DUARUS 2 BRI FR, R ABCHAY 42 R YR b SCROFENS 2. B
ROk BT, AHRE I PEP 3155, X T i Z A RERIZE, FREA IR SGXR AR —E

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

>>> C._ _qualname_

IC’

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

>>> C.D.meth.__qualname_
'C.D.meth'’

295 T 5B, IR E & ARECAPR R B PSS IR R B A, P S A AL
£, Bl email .mime.text:

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

reference count -- 5|50 XTHFEX 005 R . 24— X2 095 | FHHEE ), B 9% TR oRE
T 5 THECH Python AR e il 7 2 A R Wiy, {H'E @ CPython SEEL)—A KBEITE . sys Fig X
T—A>getrefcount () pREL, &7 5 AV BB MR E X 095 | L.

regular package -- # L ZG A package, BIAESH 1 __init__.py XM H .
%2 Wnamespace package .

_slots__ —FPEYERNTRHIAE ], 1L TS P B S0 Bl J 12 0 R AR R S ) 7 MR T N AF . BRI
TARGAT, (HARZAFAIHAE S, S RRBEAEDBAEOUT R, BN R,
HH A S RSB

sequence -- Jy- 51 —Fiterable, "BSCRHATT __getitem_ () FER R HREERT [ HH TR ORI,
WL T MREFAKER __len_ () Fik. WEMFHIREA 1list, str. tuple fil bytes,
HEER dict WIHF _ getitem () Ml __len_ (), HEHANBETHSTHIEFS, FAhEE
RS B AT Z Y immutable T AEFEEL

collections.abc.Sequence MIZHEREXN T —THEEFTWELD, BT _ getitem_ ()
M __len_ (), WINT count (), index (), __contains__ () fl __reversed__ () . AJPAEH
register () BIRIEMEIILY R O Ry AL,

single dispatch -- ¥i53jk —Fifigeneric funciion 73 JRIBA, HSLHUREET BAS UL BORERAY .

slice -- Yy 5 HALE THEE sequence B—3 P04 . YR &iE a8 FAsbric k@@, 76 [ 4
JUNAR S0 Fai% T, Bl variable _name[1:3:51. 465 (FAR) ARCLENTEH slice %}
%
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special method -- }§5% Jj 7% —F 1 Python [ ARG TTIA, AR IEAS B PATHE & SR AE B AN A5 45 . X
M AR A PRI BRI R QL. REFATT VA SCH 2 DL specialnames .

statement -- i&5) 1B EREFE (—MUY <) WAUR AL, — B AR — A expression B EANTA
TR HILERY, B if, while 5 for,

text encoding -- SCAZRY I TFf Unicode 547 5 4 0 745 ER AU % o

text file -- SCAR LM —FPEENS LS st X GR file object . 3G SCA SCISE B a2 17 1) 4 T 1] 52730 R 45
I BB Bext encoding . SCARSCAFRY I FAIFEASCABEA ("o 5 'w') FTHAISCHE. sys.stdin,
sys.stdout PAM io.StringIO HYSLH,

H S Fbinary file T fRREMSERE F 5 3T % BISCUHEXTSR

triple-quoted string -- 515 F4Fl H RS = NELEXNG S (7) HEHRLS () TR, EII7EDRE
FESERAM A5 SER TR A AR, B2 ZMAL. ENAFIRETATHRNE SR
SR SRS [SAING S, I BT ARSI AT Joqh (AT, TEMS SCRY 74 R IR 1 4 )

type -- K KA iE—A> Python X JE FA 2RSS BARGAEREA — A, BAEX SRR, nPA
ViRER __class__ J@M, sl type (obj) SKIREL.

type alias - SR % AR A, QUED7 R R AR AR AR
HIHIA R R T 7. Fim:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

] PATCAE S ey e

Color = tuple[int, int, int]

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

ZL typing Ml PEP 484, A7l RERIHEARfIA -
type hint -- RMPLR annoration A8 . KIEIE. sRBAIIE S BGR BIE G E UMY R AL

RAULR R T AT, Python ANEOREEME, (HH A HSRA M THELE, FF T thd) IDE SEE
[BE LGN

L JRAr . RIBPEMRE AR AT typing.get_type_hints () RPhH], (HJRHAS &N
ANHPA,

Z ), typing fil PEP 484, g%t I IhRERY RGN .

universal newlines WNEAT —Fh RS SCAR T =X ﬁ%?@fﬁﬁ%ﬁ[ﬁﬁ %Ujﬂﬁ bR Unix (1745
WZZE "\n'. Windows [JZE "\r\n' PAMIH Macintosh 1) %5 . Z 1, PEP 278 1 PEP 3116

flbytes. SPlitlines () TR Z HEUT
variable annotation -- 28 511 iR XA & B @ annotation
R AR RSB PR, A AT Bk A

class C:
field: 'annotation'

SRRSO R 23 BIANA N AR B int JERAY(H:

count: int = 0
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AR R TR YA PELE R I annassign —77 .
535 function annotation, PEP 484 F1 PEP 526, H. 3T IIN R R HIA .

virtual environment -- JEUEREE —FlOR I PMEZER BRI ATINEREE,  SLiF Python F A I FH R F 46 2256 Al
T+ Python 73 KA & T E A — RS _Eaz AT HAth Python [ AR FHIFTH -
F1Z 0 venv,

virtual machine -- JBHIPL — & 52 438 & B € L9 E L. Python K LA AT AT 54795 8 Gt 13 4% Fir A 1
Hbytecode.

Zen of Python -- Python 2§l 5111 Python BLHHAIFIN P13, 47 )T AR GOTRA . B AT HCAGA
FTEA TR import this”,
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APPENDIX B

i A

KSR A reStructured Text JF3CRY, f Sphinx  (—A4~% 12 Python SUR{S ISR NAS) B

ARSCRRTE B T RAEER I %58 4o G R S8 iy, XN Python AR By —#%, WIS SR, 53
reporting-bugs AN S5 . FATREI WCUH ) G BEE |

s it -
* Fred L. Drake, Jr., 3% 7 HT 51 Python SCRY) T HAE, PARIRS T IEE 21308
 Docutils # {4 W H, f)72 7T reStructuredText X 7A#% 1 Docutils # £ {4:;
* Fredrik Lundh, Sphinx MAif#] Alternative Python Reference i H 1 3k45 TR L 1148 .

B.1 Python L#&FmiE

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

AT Python 4L X Y5 ARITIHK, Python 44 1 AN H €5 B ST - I AA1T !
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apPENDIX C

7 B FiF AT

C.1 zR#pImE

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

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

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

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

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

{Efi: GPL #A T AR M Python £ GPL N k1. 5 GPL AJa], Frf Python ¥4 Al AR FL &4 R 1B MG
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A, T JC T TR T A Sk . GPL AR A T IE (15 Python R PAS HVETE GPL R & AT HIAF45 & B ;
HHERFAHENATT .

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

C.2 FRERE LAH B E A Python Bk FOF ¢

Python 541 SCRYS A 34 v] 35 B PSF 34 5T #0936

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

HL8 40 5 AE Python HHF @I TR VFAT . X LEVF Al & SRR VAT Z N — 21 i . A7 KX 2t
AR SE RS AT S 01 T AR 09 15T 12 5 o 3

C.2.1 FHF PYTHON 3.10.0a0 &% PSF e[ Hpi¥

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

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

3.10.0a0 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 3.10.0a0 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 3.10.0a0 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 3.10.0a0 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
3.10.0a0.

4. PSF is making Python 3.10.0a0 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 3.10.0a0 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.0a0

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.0a0, 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 3.10.0a0, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 #f BEOPEN.COM #F o] {ipil

BEOPEN PYTHON FFi 4 a] pS 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.

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

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

C.2.3 FF PYTHON 1.6.1 g5 CNRI ¥#F o] il

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

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

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

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

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

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

(Fotakss)
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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
sense to endorse or promote products or services of Licensee, or any third
party.

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

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

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.0a0 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

CFItakss)
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OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 #WUWFR B fFa9¥F ok S5
A2 Python BATHU RIS = I BCPHR VT RIECHNI B, it R e FLURIEA K

C.3.1 Mersenne Twister

_random IR E E T http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html F 25 1,
. PN e siR (F5):

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C3.2 EEx

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.33 RLEEFIRS

asynchat fil asyncore BHALE DA R EEHA:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &1

http.cookies Bl &PLFFEH:

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

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

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

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

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

C.3.5 HITERR

trace HHALE AT A

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 5 UUdecode F#h

uu AL DA AR

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML i T ERAH

xmlrpc.client fEHVELEPARAR:

The XML-RPC client interface is

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

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

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

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

(Rt
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll A PATR ERE:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BT kqueue [ AL AR FEIH:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ 'AS IS'' AND

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 3441 Marek Majkowski’ Xif Dan Bernstein f] SipHash24 VAR5 BEALS DA NS HA:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

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

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c UL T CiHEF ) dtoa Fil strtod p%L, HTHF CiEF AUE BBV FAF R 3E1 745645,
David M. Gay ) [a] 44 SCHIRAE T, Z 304241 n] M http://www.netlib.org/fp/ Fi%. 2009 4£ 3 H 16 Hi 2R F|
PR D SO 15 DA BBUBCRITAAF W] 7 B

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

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

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

********~k****~k***********~k***********~k*************************/
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C.3.12 OpenSSL

WERBAE RG], W hashlib, posix, ssl, crypt BLER{{Ji] OpenSSL e mithfi. Boh, @M T
Python [f] Windows Fl Mac OS X %32 /7 ] fiE t4f OpenSSL (%45 D, BT DAYE ILALBF1 i T OpenSSL #41]
R 5 DL

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

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

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

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

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

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

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

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

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

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

L T S I S N S S S S N S N S S TS N S S S A e I T S N S S S N

(FTgksn)
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L T T S N N

SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

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

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

Original SSLeay License

L I R SR T S N S IS S S S N S N S N N S S S T S N S N S S I I A

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

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

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

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

the code are not to be removed.

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

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

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

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

1.

Redistributions of source code must retain the copyright

notice, this list of conditions and the following disclaimer.
Redistributions in binary form must reproduce the above copyright

notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

Eric Young (eay@cryptsoft.com)"

The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).

If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

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

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

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

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]

Lo I A T I S S N S

/

C.3.13 expat

BRI ——with-system-expat FLE THE, B pyexpat § ARG M5 expat PRI DAL B

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINEFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.14 libffi

FRARMIN ——with-system-1ibffi WU THE, BN _ctypes ¥ HNE (17 libffi JHEH5 DM E):

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

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

R ARG EAREIRY 21ib AR IHT ek A, W 55 2lib PG 8 DR 2 1ib 37 J%:

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

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

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

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

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

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

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu
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C.3.16 cfuhash

tracemalloc {#i M A M S IR AL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

C.3.17 libmpdec

KedE#i ] ——with-system—libmpdec BRE T, G0N _decimal FiHERE 07 libmpdec JFE )% DI
.

Copyright (c) 2008-2020 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.

(Rt
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THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

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

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

C.3.18 W3C C14N i EH

test £ (lib/test/xmitestdata/c14n-20/) 1] C14N2.0 ik 2= 4F S P T W3C W 5l https://www.w3.org/TR/
xml-c14n2-testcases/ , FAR#E BSD 4] IF (=430 K47:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang), All Rights Reserved.

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

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

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

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

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

...,233

2to03,233

>>> 233

__all__ (package variable), 40
__dict__ (module attribute), 122
__doc__ (module attribute), 121

_ file_  (module attribute), 121, 122
_ future_ , 237

__import_

[ & & %, 40
_ loader__ (module attribute), 121
__main___

M, 11, 146, 157

__ name___ (module attribute), 121, 122

__package___ (module attribute), 121

_ _slots_ ,242

_frozen (C struct), 42

_inittab (C struct), 43

_Py_c_diff (C function), 87

_Py_c_neqg (C function), 87

_Py_c_pow (C function), 87

_Py_c_prod (C function), 87

_Py_c_quot (C function), 87

_Py_c_sum (C function), 87

_Py_InitializeMain (C function), 177

_Py_NoneStruct (Cvar), 187

_PyBytes_Resize (C function), 90

_PyCFunctionFast (Ctype), 190

_PyCFunctionFastWithKeywords (C type), 190

_PyFrameEvalFunction (C type), 155

_PyInterpreterState_GetEvalFrameFunc (C
function), 155

_PyInterpreterState_SetEvalFrameFunc (C
function), 155

_PyObject_New (C function), 187

_PyObject_NewVar (C function), 187

_PyTuple_Resize (C function), 111

_thread

A, 152

FHAE
exec_prefix, 4
PATH, 11
prefix, 4
PYTHON*, 145
PYTHONCOERCECLOCALE, 174
PYTHONDEBUG, 144
PYTHONDONTWRITEBYTECODE, 144
PYTHONDUMPREF'S, 200
PYTHONHASHSEED, 145
PYTHONHOME, 11, 145, 149, 150, 170
PYTHONINSPECT, 145
PYTHONIOENCODING, 147
PYTHONLEGACYWINDOWSFSENCODING, 145
PYTHONLEGACYWINDOWSSTDIO, 145
PYTHONMALLOC, 180, 183, 184
PYTHONMALLOCSTATS, 180
PYTHONNOUSERSITE, 145
PYTHONOPTIMIZE, 145
PYTHONPATH, 11, 145, 171
PYTHONUNBUFFERED, 146
PYTHONUTFS, 174
PYTHONVERBOSE, 146

A
abort (), 39
abs

& % %, 66

abstract base class —- #H &%, 233

allocfunc (Ctype), 223

annotation —- JEf##,233

argument -- %, 233

argv (in module sys), 149

ascii

[ & %, 59

asynchronous context manager -- & ¥ Lt
T X #5234

asynchronous generator —- 34 ik £, 234
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asynchronous generator iterator —- #
P A kB R A, 234

asynchronous iterable —-- 3 7% R Xt £,
234

asynchronous iterator -- R ¥R E, 234

attribute —-- &4, 234

awaitable —-- F&fEXT4, 234

B

BDFL, 234
binary file -- 34| X, 234
binaryfunc (C type), 224
buffer interface
(see buffer protocol), 71
buffer object
(see buffer protocol),7l
buffer protocol, 71
builtins
ik, 11, 146, 157
bytearray
Xt £, 90
bytecode -- F¥ 7,234
bytes
)& & %, 59
Xt %, 88
bytes—1like object —- F¥WEX%,234

C

callback —- [, 235
calloc (), 179
Capsule

T4, 131
C-contiguous, 74, 235
class —— 2£,235
class variable —- X% &, 235
classmethod

| & &%, 191
cleanup functions,40
close () (in module 0s), 157
CO_FUTURE_DIVISION (C var), 19
code object, 119
coercion —— BRH| KR A 235

CPython, 235

D

decorator -- ¥E4f#E 235

descrget func (C type), 224

descriptor —-- #xK#, 235

descrset func (Ctype), 224
destructor (C type), 223
dictionary

w2, 113
dictionary -- 4, 236
dictionary view -- FHAE, 236
divmod

[EE & %, 66
docstring - XHFEHE, 236
duck-typing —— KA 236

E

EAFP, 236

EOFError (built-in exception), 121
exc_info () (in module sys), 10
exec_prefix, 4

executable (in module sys), 148

exit (), 40

expression —-- Fik R, 236
extension module -- ¥ EH I 236

F
f-string —- f-F4®, 236
file
T4, 120
file object —-- XHXT£,236
file-like object —-- XHFEXT£, 236
finder —-- ## £, 236
float
& &%, 68
floating point
&, 86
floor division -- i FEUER %, 236
Fortran contiguous, 74, 235
free (), 179
freefunc (C type), 223

compile freeze utility,42

[FIE % %, 41 frozenset
complex number 4,116

Xt %, 87 function
complex number —- & #%,235 x4, 117
context manager —- T X, 235 function —- L, 236
context variable -- EFTFXZEE,235 function annotation -- RHAFiE, 236
contiguous, 74
contiguous —-- ##r,235 G
copyric_l;ht (mmoduluesys),l49 garbage collection —- 3% ik, 237
coroutine —-- i, 235 237

] - o= generator,

coroutine function -— P& &%, 235
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-— R, 237

expression, 237

generator expression —- 4 gk BFARA, 237

generator iterator —-- A K faik1tE, 237

generic function —— ¥ A& &, 237

getattrfunc (Ctype), 224

getattrofunc (C type), 224

getbufferproc (C type), 224

getiterfunc (Ctype), 224

GIL, 237

global interpreter lock, 150

global interpreter lock —- 4 & B 24,
237

generator
generator

F{

hash
[EE % %, 60, 204
hash-based pyc ——- ET%HHFH pyc, 237
hashable -- T %%, 237
hashfunc (C type), 224

IDLE, 238

immutable -- AT 4%, 238
import path -- & AE, 238
importer -- F A#,238
importing —- & A, 238
incr_item(), 10, 11

initproc (Ctype), 224

inquiry (Ctype), 228
instancemethod

x4, 118
[EE &%, 67

integer
£, 83
interactive
interpreted
interpreter
interpreter

int

-- X 7,238

-— FEREA,L 238

lock, 150

shutdown -- B ZHXH, 238
iterable -- H# R4, 238

iterator —-- # R &, 238

iternextfunc (C type), 224

K

key function -- #&#, 238
KeyboardInterrupt (built-in exception), 29
keyword argument —- x4#F 5, 239

L

lambda, 239
LBYL, 239
len
%@%ﬁ{, 60, 68,70, 112, 115, 117

lenfunc (C type), 224
list
T4, 112
list —- Fl%k,239
list comprehension —— %|%k# &=, 239
loader -- jun# #,239
lock, interpreter, 150
long integer
X%, 83

LONG_MAX, 84

M
magic

method, 239
magic method -- JEARJ ik, 239
main (), 147, 149
malloc (), 179
mapping

4,113
mapping —— B4, 239
memoryview

T4, 130
meta path finder —-- THALEHKE, 239
metaclass -- 02K, 239
METH_CLASS (B1& % %), 191
METH_COEXIST (EJE % %), 191
METH_FASTCALL (% % €), 191
METH_NOARGS (& % ), 191
METH_O (& £ &), 191
METH_STATIC (EJE %), 191
METH_VARARGS ([FJ & % %), 190
method

magic, 239

special, 243

4,119
method -- F ¥, 239
method resolution order —- 7 3 & # 7,

239

MethodType (in module types), 117, 119
module

search path, 11, 146, 148

T4, 121
module —— &, 239
module spec —— R A, 239
modules (in module sys), 40, 146
ModuleType (in module types), 121
MRO, 240
mutable —-- T4, 240

N

named tuple —- E 414,240
namespace —- w4 %4, 240
namespace package -- # 4% % [E 4, 240
nested scope —-— ﬁ%’ﬁf)ﬂi‘*j, 240

e ]
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new-style class -- #a%, 240
newfunc (C type), 224
None

&, 82

numeric

&, 83
O

object

code, 119
object —— X #£,240
objobjargproc (C type), 224
objobjproc (C type), 224
OverflowError (built-in exception), 84, 85

P

package -- 4,240
package variable
_all_ .40
parameter —- %, 240
PATH, 11
path
module search, 11, 146, 148
path (in module sys), 11, 146, 148
path based finder —— ETRBAWHETRE, 241
path entry -- B#&A\H,241
path entry finder —- BHFEA B &K E, 241
path entry hook —-- E&ENH4TF,241
path-like object —-- BFEEXZ£, 241
PEP, 241
plat form (in module sys), 148
portion —-- 4,241

positional argument —-- L& 5%, 241
pow

[FIE & #, 66, 67
prefix, 4
provisional API -- # % API,241
provisional package —— ¥ ZEA4E, 241

Py_ABS (C macro), 4
Py_AddPendingCall (C function), 158
Py_AddPendingCall (), 158
Py_AtExit (C function), 40
Py_BEGIN_ALLOW_THREADS,150
Py_BEGIN_ALLOW_THREADS (C macro), 153
Py_BLOCK_THREADS (C macro), 154
Py_buffer (Ctype), 72
Py_buffer.buf (C member), 72
Py_buffer.format (C member), 72
Py_buffer.internal (C member), 73
Py_buffer.itemsize (C member), 72
Py_buffer.len (C member), 72
Py_buffer.ndim (C member), 73
Py_buffer.ob]j (C member), 72
Py_buffer.readonly (C member), 72

Py_buffer.shape (C member), 73
Py_buffer.strides (C member), 73
Py_buffer.suboffsets (C member), 73
Py_Buildvalue (C function), 50
Py_BytesMain (C function), 15
Py_BytesWarningFlag (Cvar), 144
Py_CHARMASK (C macro), 5

Py_CLEAR (C function), 21
Py_CompileString (C function), 18
Py_CompileString (), 19
Py_CompileStringExFlags (C function), 18
Py_CompileStringFlags (C function), 18
Py_CompileStringObject (C function), 18
Py_complex (Ctype), 87

Py_DebugFlag (Cvar), 144
Py_DecodeLocale (C function), 36
Py_DECREF (C function), 21

Py_DECREF (), 6

Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (Cvar), 144
Py_Ellipsis (Cvar), 130
Py_EncodeLocale (C function), 37
Py_END_ALLOW_THREADS, 150
Py_END_ALLOW_THREADS (C macro), 154
Py_EndInterpreter (C function), 157
Py_EnterRecursiveCall (C function), 32
Py_eval_input (Cvar), 19

Py_Exit (C function), 39

Py_False (Cvar), 86

Py_FatalError (C function), 39
Py_FatalError (), 149
Py_FdIsInteractive (C function), 35
Py_file_input (Cvar), 19
Py_Finalize (C function), 147
Py_FinalizeEx (C function), 146
Py_FinalizeEx (), 40, 146, 157
Py_FrozenFlag (Cvar), 144
Py_GetArgcArgv (C function), 177
Py_GetBuildInfo (C function), 149
Py_GetCompiler (C function), 149
Py_GetCopyright (C function), 148
Py_GETENV (C macro), 5
Py_GetExecPrefix (C function), 147
Py_GetExecPrefix (), 11

Py_GetPath (C function), 148
Py_GetPath (), 11, 147, 148
Py_GetPlatform (C function), 148
Py_GetPrefix (C function), 147
Py_GetPrefix (), 11
Py_GetProgramFullPath (C function), 148
Py_GetProgramFullPath (), 11
Py_GetProgramName (C function), 147
Py_GetPythonHome (C function), 150
Py_GetVersion (C function), 148
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Py_HashRandomizationFlag (Cvar), 144

Py_IgnoreEnvironmentFlag (Cvar), 145

Py_INCREF (C function), 21

Py_INCREF (), 6

Py_Initialize (C function), 146

Py_Initialize(), 11,147,157

Py_InitializeEx (C function), 146

Py_InitializeFromConfig (C function), 173

Py_InspectFlag (Cvar), 145

Py_InteractiveFlag (Cvar), 145

Py_IS_TYPE (C function), 188

Py_IsInitialized (C function), 146

Py_IsInitialized(), 1l

Py_IsolatedFlag (Cvar), 145

Py_LeaveRecursiveCall (C function), 32

Py_LegacyWindowsFSEncodingFlag (Cvar), 145

Py_LegacyWindowsStdioFlag (C var), 145

Py_Main (C function), 15

Py_MAX (C macro), 5

Py_MEMBER_SIZE (C macro), 5

Py_MIN (C macro), 4

Py_mod_create (C macro), 125

Py_mod_create.create_module (C function), 125

Py_mod_exec (C macro), 125

Py_mod_exec.exec_module (C function), 125

Py_NewInterpreter (C function), 157

Py_None (C var), 82

Py_NoSiteFlag (Cvar), 145

Py_NotImplemented (Cvar), 57

Py_NoUserSiteDirectory (Cvar), 145

Py_OptimizeFlag (C var), 145

Py_PrelInitialize (C function), 167

Py_PreInitializeFromArgs (C function), 167

Py_PreInitializeFromBytesArgs (C function),
167

Py_PRINT_RAW, 121

Py_QuietFlag (Cvar), 145

Py_REFCNT (C function), 189

Py_ReprEnter (C function), 32

Py_ReprLeave (C function), 32

Py_RETURN_FALSE (C macro), 86

Py_RETURN_NONE (C macro), 82

Py_RETURN_NOTIMPLEMENTED (C macro), 57

Py_RETURN_TRUE (C macro), 86

Py_RunMain (C function), 177

Py_SET_REFCNT (C function), 189

Py_SET_SIZE (C function), 189

Py_SET_TYPE (C function), 188

Py_SetPath (C function), 148

Py_SetPath (), 148

Py_SetProgramName (C function), 147

Py_SetProgramName (), 11, 146148

Py_SetPythonHome (C function), 149

Py_SetStandardStreamEncoding (C function),
147
Py_single_input (Cvar), 19
Py_SIZE (C function), 189
PY_SSIZE_T_MAX, 84
Py_STRINGIFY (C macro), 5
Py_TPFLAGS_BASE_EXC_SUBCLASS ([ & T &),
208
Py_TPFLAGS_BASETYPE (E % % &), 207
Py_TPFLAGS_BYTES_SUBCLASS ([E1 % % &), 208
Py_TPFLAGS_DEFAULT (F % &%), 207
Py_TPFLAGS_DICT_SUBCLASS (H]E T &), 208
Py_TPFLAGS_HAVE_FINALIZE (% % &), 208
Py_TPFLAGS_HAVE_GC (E % % &), 207
Py_TPFLAGS_HAVE_VECTORCALL ([E]¥ & ), 208
Py_TPFLAGS_HEAPTYPE (&% &), 206
Py_TPFLAGS_LIST_SUBCLASS (H]E T &), 208
Py_TPFLAGS_LONG_SUBCLASS ([EIE % &), 208
Py_TPFLAGS_METHOD_DESCRIPTOR ([F] & & &),
207
Py_TPFLAGS_READY ([E] % % &), 207
Py_TPFLAGS_READYING (Bl % % 8), 207
Py_TPFLAGS_TUPLE_SUBCLASS (B ¥ &%), 208
Py_TPFLAGS_TYPE_SUBCLASS (EIE % &), 208
Py_TPFLAGS_UNICODE_SUBCLASS (& % %), 208
Py_tracefunc (Ctype), 159
Py_True (Cvar), 86
Py_tss_NEEDS_INIT (C macro), 161
Py_tss_t (Ctype), 161
Py_TYPE (C function), 188
Py_UCS1 (Ctype), 91
Py_UCS2 (Ctype), 91
Py_UCS4 (C type), 91
Py_UNBLOCK_THREADS (C macro), 154
Py_UnbufferedStdioFlag (Cvar), 145
Py_UNICODE (C type), 91
Py_UNICODE_IS_HIGH_SURROGATE (C macro), 95
Py_UNICODE_IS_LOW_SURROGATE (C macro), 95
Py_UNICODE_IS_SURROGATE (C macro), 95
Py_UNICODE_ISALNUM (C function), 94
Py_UNICODE_ISALPHA (C function), 94
Py_UNICODE_ISDECIMAL (C function), 94
Py_UNICODE_ISDIGIT (C function), 94
Py_UNICODE_ISLINEBREAK (C function), 94
Py_UNICODE_ISLOWER (C function), 94
Py_UNICODE_ISNUMERIC (C function), 94
Py_UNICODE_ISPRINTABLE (C function), 94
Py_UNICODE_ISSPACE (C function), 94
Py_UNICODE_ISTITLE (C function), 94
Py_UNICODE_ISUPPER (C function), 94
Py_UNICODE_JOIN_SURROGATES (C macro), 95
Py_UNICODE_TODECIMAL (C function), 94
Py_UNICODE_TODIGIT (C function), 94
Py_UNICODE_TOLOWER (C function), 94
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Py_UNICODE_TONUMERIC (C function), 95
Py_UNICODE_TOTITLE (C function), 94
Py_UNICODE_TOUPPER (C function), 94
Py_UNREACHABLE (C macro), 4
Py_UNUSED (C macro), 5
Py_VaBuildvalue (C function), 51
PY_VECTORCALL_ARGUMENTS_OFFSET (C macro),
62
Py_VerboseFlag (Cvar), 146
Py_VISIT (C function), 228
Py_XDECREF (C function), 21
Py_XDECREF (), 11
Py_XINCREF (C function), 21
PyAnySet_Check (C function), 116
PyAnySet_CheckExact (C function), 116
PyArg_Parse (C function), 49
PyArg_ParseTuple (C function), 48
PyArg_ParseTupleAndKeywords (C function), 48
PyArg_UnpackTuple (C function), 49
PyArg_ValidateKeywordArguments
tion), 49
PyArg_VaParse (C function), 48
PyArg_VaParseTupleAndKeywords (C function),
49
PyASCIIObject (Ctype), 91
PyAsyncMethods (C type), 223
PyAsyncMethods.am_aiter (C member), 223
PyAsyncMethods.am_anext (C member), 223
PyAsyncMethods.am_await (C member), 223
PyBool_Check (C function), 86
PyBool_FromLong (C function), 86
PyBUF_ANY_CONTIGUOUS (C macro), 75
PyBUF_C_CONTIGUOUS (C macro), 75
PyBUF_CONTIG (C macro), 75
PyBUF_CONTIG_RO (C macro), 75
PyBUF_F_CONTIGUOUS (C macro), 75
PyBUF_FORMAT (C macro), 74
PyBUF_FULL (C macro), 75
PyBUF_FULL_RO (C macro), 75
PyBUF_INDIRECT (C macro), 74
PyBUF_ND (C macro), 74
PyBUF_RECORDS (C macro), 75
PyBUF_RECORDS_RO (C macro), 75
PyBUF_SIMPLE (C macro), 74
PyBUF_STRIDED (C macro), 75
PyBUF_STRIDED_RO (C macro), 75
PyBUF_STRIDES (C macro), 74
PyBUF_WRITABLE (C macro), 74
PyBuffer_FillContiguousStrides
tion), 77
PyBuffer_FillInfo (C function), 78
PyBuffer_ FromContiguous (C function), 77
PyBuffer_GetPointer (C function), 77
PyBuffer_IsContiguous (C function), 77

(C  func-

(C  func-

PyBuffer_Release (C function), 77
PyBuffer_SizeFromFormat (C function), 77
PyBuffer_ToContiguous (C function), 77
PyBufferProcs, 71
PyBufferProcs (Ctype), 222
PyBufferProcs.bf_getbuffer (C member), 222
PyBufferProcs.bf_releasebuffer (Cmember),
222
PyByteArray_AS_STRING (C function), 91
PyByteArray_AsString (C function), 90
PyByteArray_Check (C function), 90
PyByteArray_CheckExact (C function), 90
PyByteArray_Concat (C function), 90
PyByteArray_FromObject (C function), 90
PyByteArray_FromStringAndSize (C function),
90
PyByteArray_GET_SIZE (C function), 91
PyByteArray_Resize (C function), 90
PyByteArray_Size (C function), 90
PyByteArray_Type (C var), 90
PyByteArrayObject (C type), 90
PyBytes_AS_STRING (C function), 89
PyBytes_AsString (C function), 89
PyBytes_AsStringAndSize (C function), 89
PyBytes_Check (C function), 88
PyBytes_CheckExact (C function), 88
PyBytes_Concat (C function), 89
PyBytes_ConcatAndDel (C function), 89
PyBytes_FromFormat (C function), 88
PyBytes_FromFormatV (C function), 89
PyBytes_FromObject (C function), 89
PyBytes_FromString (C function), 88
PyBytes_FromStringAndSize (C function), 88
PyBytes_GET_SIZE (C function), 89
PyBytes_Size (C function), 89
PyBytes_Type (Cvar), 88
PyBytesObject (C type), 88
PyCallable_Check (C function), 65
PyCallIter_Check (C function), 128
PyCallIter_New (C function), 128
PyCalllIter_Type (Cvar), 127
PyCapsule (Ctype), 131
PyCapsule_CheckExact (C function), 131
PyCapsule_Destructor (Ctype), 131
PyCapsule_GetContext (C function), 132
PyCapsule_GetDestructor (C function), 131
PyCapsule_GetName (C function), 132
PyCapsule_GetPointer (C function), 131
PyCapsule_TImport (C function), 132
PyCapsule_TIsValid (C function), 132
PyCapsule_New (C function), 131
PyCapsule_SetContext (C function), 132
PyCapsule_SetDestructor (C function), 132
PyCapsule_SetName (C function), 132
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PyCapsule_SetPointer (C function), 132
PyCell_Check (C function), 119
PyCell_GET (C function), 119
PyCell_Get (C function), 119
PyCell_New (C function), 119
PyCell_SET (C function), 119
PyCell_Set (C function), 119
PyCell_Type (Cvar), 119
PyCellObject (Ctype), 119
PyCFunction (C type), 189
PyCFunctionWithKeywords (C type), 189
PyCMethod (C type), 190
PyCode_Check (C function), 120
PyCode_GetNumFree (C function), 120
PyCode_New (C function), 120
PyCode_NewEmpty (C function), 120
PyCode_NewWithPosOnlyArgs (C function), 120
PyCode_Type (Cvar), 120
PyCodec_BackslashReplaceErrors
tion), 55
PyCodec_Decode (C function), 54
PyCodec_Decoder (C function), 54
PyCodec_Encode (C function), 53
PyCodec_Encoder (C function), 54
PyCodec_IgnoreErrors (C function), 54
PyCodec_IncrementalDecoder (C function), 54
PyCodec_IncrementalEncoder (C function), 54
PyCodec_KnownEncoding (C function), 53
PyCodec_LookupError (C function), 54
PyCodec_NameReplaceErrors (C function), 55
PyCodec_Register (C function), 53
PyCodec_RegisterError (C function), 54
PyCodec_ReplaceErrors (C function), 54
PyCodec_StreamReader (C function), 54
PyCodec_StreamWriter (C function), 54
PyCodec_StrictErrors (C function), 54
PyCodec_Unregister (C function), 53
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 55
PyCodeObject (C type), 120
PyCompactUnicodeObject (C type), 91
PyCompilerFlags (C struct), 19
PyCompilerFlags.cf_feature_version c
member), 19
PyCompilerFlags.cf_flags (C member), 19
PyComplex_AsCComplex (C function), 88
PyComplex_Check (C function), 87
PyComplex_CheckExact (C function), 87
PyComplex_FromCComplex (C function), 88
PyComplex_FromDoubles (C function), 88
PyComplex_ImagAsDouble (C function), 88
PyComplex_RealAsDouble (C function), 88
PyComplex_Type (Cvar), 87
PyComplexObject (C type), 87

(C  func-

PyConfig (Ctype), 168
PyConfig.argv (C member), 169
PyConfig.base_exec_prefix (C member), 169
PyConfig.base_executable (C member), 169
PyConfig.base_prefix (C member), 169
PyConfig.buffered_stdio (C member), 169
PyConfig.bytes_warning (C member), 169
PyConfig.check_hash_pycs_mode (C member),
169
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
170
PyConfig.
PyConfig.
PyConfig.
PyConfig.

configure_c_stdio (C member), 170
dev_mode (C member), 170
dump_refs (C member), 170
exec_prefix (C member), 170
executable (C member), 170
faulthandler (C member), 170
filesystem_encoding (C member),

filesystem_errors (C member), 170
hash_seed (C member), 170
home (C member), 170
import_time (C member), 170
PyConfig.inspect (C member), 170
PyConfig.install_signal_handlers (C mem-
ber), 170
PyConfig.interactive (C member), 170
PyConfig.isolated (C member), 170
PyConfig.legacy_windows_stdio (C member),
171
PyConfig.malloc_stats (C member), 171
PyConfig.module_search_paths (C member),
171
PyConfig.module_search_paths_set (C mem-
ber), 171
PyConfig.optimization_level (Cmember), 171
PyConfig.orig_argv (C member), 171
PyConfig.parse_argv (C member), 171
PyConfig.parser_debug (C member), 171
PyConfig.pathconfig_warnings (C member),
171
PyConfig.
PyConfig.
PyConfig.
PyConfig.

platlibdir (C member), 169
prefix (C member), 171
program_name (C member), 171
pycache_prefix (C member), 171
PyConfig.PyConfig_Clear (C function), 169
PyConfig.PyConfig_InitIsolatedConfig (C
function), 168
PyConfig.PyConfig_InitPythonConfig (C
function), 168
PyConfig.PyConfig_Read (C function), 168
PyConfig.PyConfig_SetArgv (C function), 168
PyConfig.PyConfig_SetBytesArgv (C func-
tion), 168
PyConfig.PyConfig_SetBytesString (C func-
tion), 168
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PyConfig.PyConfig_SetString (C function), 168
PyConfig.PyConfig_SetWideStringList (C
function), 168
PyConfig.pythonpath_env (C member), 171
PyConfig.quiet (C member), 171
PyConfig.run_command (C member), 171
PyConfig.run_filename (C member), 172
PyConfig.run_module (C member), 172
PyConfig.show_ref_count (C member), 172
PyConfig.site_import (C member), 172
PyConfig.skip_source_first_line (C mem-
ber), 172
PyConfig.stdio_encoding (C member), 172
PyConfig.stdio_errors (C member), 172
PyConfig.tracemalloc (C member), 172
PyConfig.use_environment (C member), 172
PyConfig.use_hash_seed (C member), 170
PyConfig.user_site_directory (C member),
172
PyConfig.verbose (C member), 172
PyConfig.warnoptions (C member), 172
PyConfig.write_bytecode (C member), 172
PyConfig.xoptions (C member), 172
PyContext (C type), 134
PyContext_CheckExact (C function), 134
PyContext_Copy (C function), 134
PyContext_CopyCurrent (C function), 134
PyContext_Enter (C function), 134
PyContext_Exit (C function), 134
PyContext_New (C function), 134
PyContext_Type (Cvar), 134
PyContextToken (C type), 134
PyContextToken_CheckExact (C function), 134
PyContextToken_Type (C var), 134
PyContextVar (C type), 134
PyContextVar_CheckExact (C function), 134
PyContextVar_Get (C function), 135
PyContextVar_New (C function), 135
PyContextVar_Reset (C function), 135
PyContextVar_Set (C function), 135
PyContextVar_Type (Cvar), 134
PyCoro_CheckExact (C function), 133
PyCoro_New (C function), 133
PyCoro_Type (Cvar), 133
PyCoroObject (Ctype), 133
PyDate_Check (C function), 135
PyDate_CheckExact (C function), 135
PyDate_FromDate (C function), 136
PyDate_FromTimestamp (C function), 138
PyDateTime_Check (C function), 135
PyDateTime_CheckExact (C function), 135
PyDateTime_DATE_GET_HOUR (C function), 137
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 137

PyDateTime_DATE_GET_MINUTE (C function), 137
PyDateTime_DATE_GET_SECOND (C function), 137
PyDateTime_DATE_GET_TZINFO (C function), 137
PyDateTime_DELTA_GET_DAYS (C function), 137
PyDateTime_DELTA_GET_MICROSECONDS c
function), 137
PyDateTime_DELTA_GET_SECONDS (C function),
137
PyDateTime_FromDateAndTime (C function), 136
PyDateTime_FromDateAndTimeAndFold (o
function), 136
PyDateTime_FromTimestamp (C function), 137
PyDateTime_GET_DAY (C function), 137
PyDateTime_GET_MONTH (C function), 136
PyDateTime_GET_YEAR (C function), 136
PyDateTime_TIME_GET_HOUR (C function), 137
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 137
PyDateTime_TIME_GET_MINUTE (C function), 137
PyDateTime_TIME_GET_SECOND (C function), 137
PyDateTime_TIME_GET_TZINFO (C function), 137
PyDateTime_TimeZone_UTC (C var), 135
PyDec_Alloc (C function), 141
PyDec_AsUint128Triple (C function), 139
PyDec_FromUint128Triple (C function), 140
PyDec_Get (C function), 141
PyDec_GetConst (C function), 141
PyDec_GetDigits (C function), 138
PyDec_IsInfinite (C function), 138
PyDec_IsNaN (C function), 138
PyDec_IsSpecial (C function), 138
PyDec_TypeCheck (C function), 138
PyDelta_Check (C function), 136
PyDelta_CheckExact (C function), 136
PyDelta_FromDSU (C function), 136
PyDescr_IsData (C function), 128
PyDescr_NewClassMethod (C function), 128
PyDescr_NewGetSet (C function), 128
PyDescr_NewMember (C function), 128
PyDescr_NewMethod (C function), 128
PyDescr_NewWrapper (C function), 128
PyDict_Check (C function), 113
PyDict_CheckExact (C function), 113
PyDict_Clear (C function), 114
PyDict_Contains (C function), 114
PyDict_Copy (C function), 114
PyDict_DelItem (C function), 114
PyDict_DelItemString (C function), 114
PyDict_GetItem (C function), 114
PyDict_GetItemString (C function), 114
PyDict_GetItemWithError (C function), 114
PyDict_Items (C function), 114
PyDict_Keys (C function), 115
PyDict_Merge (C function), 115
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PyDict_MergeFromSeqg2 (C function), 116
PyDict_New (C function), 114
PyDict_Next (C function), 115
PyDict_SetDefault (C function), 114
PyDict_SetItem (C function), 114
PyDict_SetItemString (C function), 114
PyDict_Size (C function), 115
PyDict_Type (Cvar), 113
PyDict_Update (C function), 115
PyDict_Values (C function), 115
PyDictObject (Ctype), 113
PyDictProxy_New (C function), 114
PyDoc_STR (C macro), 5
PyDoc_STRVAR (C macro), 5
PyErr_BadArgument (C function), 24
PyErr_BadInternalCall (C function), 26
PyErr_CheckSignals (C function), 29
PyErr_Clear (C function), 24
PyErr_Clear(),9,11
PyErr_ExceptionMatches (C function), 27
PyErr_ExceptionMatches (), 11
PyErr_Fetch (C function), 28
PyErr_Format (C function), 24
PyErr_FormatV (C function), 24
PyErr_GetExcInfo (C function), 28
PyErr_GivenExceptionMatches (C function), 27
PyErr_NewException (C function), 29
PyErr_NewExceptionWithDoc (C function), 29
PyErr_NoMemory (C function), 25
PyErr_NormalizeException (C function), 28
PyErr_Occurred (C function), 27
PyErr_Occurred(),9
PyErr_Print (C function), 24
PyErr_PrintEx (C function), 24
PyErr_ResourceWarning (C function), 27
PyErr_Restore (C function), 28
PyErr_SetExcFromWindowsErr (C function), 25
PyErr_SetExcFromWindowsErrWithFilename
(C function), 26

PyErr_SetImportError (C function), 26
PyErr_SetImportErrorSubclass (C function),
27
PyErr_SetInterrupt (C function), 29
PyErr_SetNone (C function), 24
PyErr_SetObject (C function), 24
PyErr_SetString (C function), 24
PyErr_SetString(),9
PyErr_SyntaxLocation (C function), 26
PyErr_SyntaxLocationEx (C function), 26
PyErr_SyntaxLocationObject (C function), 26
PyErr_WarnEx (C function), 26
PyErr_WarnExplicit (C function), 27
PyErr_WarnExplicitObject (C function), 27
PyErr_WarnFormat (C function), 277
PyErr_WriteUnraisable (C function), 24
PyEval_AcquireLock (C function), 156
PyEval_AcquireThread (C function), 156
PyEval_AcquireThread(), 152
PyEval_EvalCode (C function), 18
PyEval_EvalCodeEx (C function), 18
PyEval_EvalFrame (C function), 18
PyEval_EvalFrameEx (C function), 18
PyEval_GetBuiltins (C function), 53
PyEval_GetFrame (C function), 53
PyEval_GetFuncDesc (C function), 53
PyEval_GetFuncName (C function), 53
PyEval_GetGlobals (C function), 53
PyEval_GetLocals (C function), 53
PyEval_InitThreads (C function), 152
PyEval_InitThreads (), 146
PyEval_MergeCompilerFlags (C function), 18
PyEval_ReleaseLock (C function), 156
PyEval_ReleaseThread (C function), 156
PyEval_ReleaseThread(), 152
PyEval_RestoreThread (C function), 152
PyEval_RestoreThread (), 150, 152
PyEval_SaveThread (C function), 152
PyEval_SaveThread(), 150, 152

PyErr_SetExcFromWindowsErrWithFilenameObBgEtal_SetProfile (C function), 160

(C function), 25

PyEval_SetTrace (C function), 160

PyErr_SetExcFromWindowsErrWithFilenameObBgEtal_ThreadsInitialized (C function), 152

(C function), 25
PyErr_SetExcInfo (C function), 29
PyErr_SetFromErrno (C function), 25
PyErr_SetFromErrnoWithFilename (C func-
tion), 25
PyErr_SetFromErrnoWithFilenameObject (C
function), 25
PyErr_SetFromErrnoWithFilenameObjects
(C function), 25
PyErr_SetFromWindowsErr (C function), 25
PyErr_SetFromWindowsErrWithFilename (C
function), 25

PyExc_ArithmeticError, 32
PyExc_AssertionError, 32
PyExc_AttributeError, 32
PyExc_BaseException, 32
PyExc_BlockingIOError, 32
PyExc_BrokenPipeError, 32
PyExc_BufferError, 32
PyExc_BytesWarning, 34
PyExc_ChildProcessError, 32
PyExc_ConnectionAbortedError, 32
PyExc_ConnectionError, 32
PyExc_ConnectionRefusedError, 32

e ]
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PyExc_ConnectionResetError, 32
PyExc_DeprecationWarning, 34
PyExc_EnvironmentError, 34
PyExc_EOFError, 32
PyExc_Exception, 32
PyExc_FileExistsError, 32
PyExc_FileNotFoundError, 32
PyExc_FloatingPointError, 32
PyExc_FutureWarning, 34
PyExc_GeneratorExit, 32
PyExc_ImportError, 32
PyExc_ImportWarning, 34
PyExc_IndentationError, 32
PyExc_IndexError, 32
PyExc_InterruptedError, 32
PyExc_IOError, 34
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, 34
PyExc_PermissionError, 32
PyExc_ProcessLookupError, 32
PyExc_RecursionError, 32
PyExc_ReferenceError, 32
PyExc_ResourceWarning, 34
PyExc_RuntimeError, 32
PyExc_RuntimeWarning, 34
PyExc_StopAsyncIteration, 32
PyExc_StopIteration, 32
PyExc_SyntaxError, 32
PyExc_SyntaxWarning, 34
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, 34
PyExc_UserWarning, 34
PyExc_ValueError, 32
PyExc_Warning, 34
PyExc_WindowsError, 34

PyExc_ZeroDivisionError, 32
PyException_GetCause (C function), 30
PyException_GetContext (C function), 30
PyException_GetTraceback (C function), 30
PyException_SetCause (C function), 30
PyException_SetContext (C function), 30
PyException_SetTraceback (C function), 30
PyFile_FromFd (C function), 120
PyFile_GetLine (C function), 121
PyFile_SetOpenCodeHook (C function), 121
PyFile_WriteObject (C function), 121
PyFile_WriteString (C function), 121
PyFloat_AS_DOUBLE (C function), 86
PyFloat_AsDouble (C function), 86
PyFloat_Check (C function), 86
PyFloat_CheckExact (C function), 86
PyFloat_FromDouble (C function), 86
PyFloat_FromString (C function), 86
PyFloat_GetInfo (C function), 86
PyFloat_GetMax (C function), 86
PyFloat_GetMin (C function), 86
PyFloat_Type (C var), 86
PyFloatObject (C type), 86
PyFrame_GetBack (C function), 53
PyFrame_GetCode (C function), 53
PyFrame_GetLineNumber (C function), 53
PyFrameObject (Ctype), 18
PyFrozenSet_Check (C function), 116
PyFrozenSet_CheckExact (C function), 116
PyFrozenSet_New (C function), 116
PyFrozenSet_Type (Cvar), 116
PyFunction_Check (C function), 117
PyFunction_GetAnnotations (C function), 118
PyFunction_GetClosure (C function), 118
PyFunction_GetCode (C function), 118
PyFunction_GetDefaults (C function), 118
PyFunction_GetGlobals (C function), 118
PyFunction_GetModule (C function), 118
PyFunction_New (C function), 117
PyFunction_NewWithQualName (C function), 117
PyFunction_SetAnnotations (C function), 118
PyFunction_SetClosure (C function), 118
PyFunction_SetDefaults (C function), 118
PyFunction_Type (Cvar), 117
PyFunctionObject (Ctype), 117
PyGen_Check (C function), 133
PyGen_CheckExact (C function), 133
PyGen_New (C function), 133
PyGen_NewWithQualName (C function), 133
PyGen_Send (C function), 133

PyGen_Type (Cvar), 133
PyGenObject (C type), 133
PyGetSetDef (C type), 193
PyGILState_Check (C function), 153
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PyGILState_Ensure (C function), 153
PyGILState_GetThisThreadState (C function),
153
PyGILState_Release (C function), 153
PyImport_AddModule (C function), 41
PyImport_AddModuleObject (C function), 41
PyImport_AppendInittab (C function), 43
PyImport_ExecCodeModule (C function), 41
PyImport_ExecCodeModuleEx (C function), 41
PyImport_ExecCodeModuleObject (C function),
41
PyImport_ExecCodeModuleWithPathnames (C
function), 42
PyImport_ExtendInittab (C function), 43
PyImport_FrozenModules (C var), 43
PyImport_GetImporter (C function), 42
PyImport_GetMagicNumber (C function), 42
PyImport_GetMagicTag (C function), 42
PyImport_GetModule (C function), 42
PyImport_GetModuleDict (C function), 42
PyImport_Import (C function), 41
PyImport_ImportFrozenModule (C function), 42
PyImport_ImportFrozenModuleObject (e
function), 42
PyImport_ImportModule (C function), 40
PyImport_ImportModulekx (C function), 40
PyImport_ImportModuleLevel (C function), 40
PyImport_ImportModuleLevelObject (C func-
tion), 40
PyImport_ImportModuleNoBlock (C function),
40
PyImport_ReloadModule (C function), 41
PyIndex_Check (C function), 68
PyInstanceMethod_Check (C function), 118
PyInstanceMethod_Function (C function), 118
PyInstanceMethod_GET_FUNCTION (C function),
118
PyInstanceMethod_New (C function), 118
PyInstanceMethod_Type (Cvar), 118
PyInterpreterState (Ctype), 152
PyInterpreterState_Clear (C function), 154
PyInterpreterState_Delete (C function), 154
PyInterpreterState_Get (C function), 155
PyInterpreterState_GetDict (C function), 155
PyInterpreterState_GetID (C function), 155
PyInterpreterState_Head (C function), 160
PyInterpreterState_Main (C function), 160
PyInterpreterState_New (C function), 154
PyInterpreterState_Next (C function), 160
PyInterpreterState_ThreadHead (C function),
160
PyIter_Check (C function), 71
PyIter_Next (C function), 71
PyList_Append (C function), 113

PyList_AsTuple (C function), 113
PyList_Check (C function), 112
PyList_CheckExact (C function), 112
PyList_GET_ITEM (C function), 112
PyList_GET_SIZE (C function), 112
PyList_GetItem (C function), 112
PyList_GetItem(), 8
PyList_GetSlice (C function), 113
PyList_Insert (C function), 113
PyList_New (C function), 112
PyList_Reverse (C function), 113
PyList_SET_ITEM (C function), 113
PyList_SetItem (C function), 113
PyList_SetItem(),7
PyList_SetSlice (C function), 113
PyList_Size (C function), 112
PyList_Sort (C function), 113
PyList_Type (Cvar), 112
PyListObject (Ctype), 112
PyLong_AsDouble (C function), 85
PyLong_AsLong (C function), 83
PyLong_AsLongAndOverflow (C function), 84
PyLong_AsLongLong (C function), 84
PyLong_AsLongLongAndOverflow (C function),
84
PyLong_AsSize_t (C function), 84
PyLong_AsSsize_t (C function), 84
PyLong_AsUnsignedLong (C function), 84
PyLong_AsUnsignedLongLong (C function), 85
PyLong_AsUnsignedLongLongMask (C function),
85
PyLong_AsUnsignedLongMask (C function), 85
PyLong_AsVoidPtr (C function), 85
PyLong_Check (C function), 83
PyLong_CheckExact (C function), 83
PyLong_FromDouble (C function), 83
PyLong_FromLong (C function), 83
PyLong_FromLongLong (C function), 83
PyLong_FromSize_t (C function), 83
PyLong_FromSsize_t (C function), 83
PyLong_FromString (C function), 83
PyLong_FromUnicodeObject (C function), 83
PyLong_FromUnsignedLong (C function), 83
PyLong_FromUnsignedLongLong (C function), 83
PyLong_FromVoidPtr (C function), 83
PyLong_Type (C var), 83
PyLongObject (C type), 83
PyMapping_Check (C function), 70
PyMapping_DelItem (C function), 70
PyMapping_DelItemString (C function), 70
PyMapping_GetItemString (C function), 70
PyMapping_HasKey (C function), 70
PyMapping_HasKeyString (C function), 70
PyMapping_TItems (C function), 70
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PyMapping_Keys (C function), 70
PyMapping_Length (C function), 70
PyMapping_SetItemString (C function), 70
PyMapping_Size (C function), 70
PyMapping_Values (C function), 70
PyMappingMethods (C type), 220
PyMappingMethods.mp_ass_subscript (e
member), 220
PyMappingMethods.mp_length (C member), 220
PyMappingMethods.mp_subscript (C member),
220
PyMarshal_ReadLastObjectFromFile (C func-
tion), 44
PyMarshal_ReadLongFromFile (C function), 43
PyMarshal_ReadObjectFromFile (C function),
44
PyMarshal_ReadObjectFromString (C func-
tion), 44
PyMarshal_ReadShortFromFile (C function), 44
PyMarshal_WriteLongToFile (C function), 43
PyMarshal_WriteObjectToFile (C function), 43
PyMarshal_WriteObjectToString (C function),
43
PyMem_Calloc (C function), 181
PyMem_Del (C function), 181
PyMem_Free (C function), 181
PyMem_GetAllocator (C function), 184
PyMem_Malloc (C function), 181
PyMem_New (C function), 181
PyMem_RawCalloc (C function), 180
PyMem_RawFree (C function), 180
PyMem_RawMalloc (C function), 180
PyMem_RawRealloc (C function), 180
PyMem_Realloc (C function), 181
PyMem_Resize (C function), 181
PyMem_SetAllocator (C function), 184
PyMem_SetupDebugHooks (C function), 184
PyMemAllocatorDomain (C type), 183
PyMemAllocatorDomain.PYMEM_DOMAIN_MEM
(C macro), 184
PyMemAllocatorDomain.PYMEM DOMAIN_OBJ
(C macro), 184
PyMemAllocatorDomain.PYMEM_DOMAIN_RAW
(C macro), 183
PyMemAllocatorEx (Ctype), 183
PyMemberDef (C type), 192
PyMemoryView_Check (C function), 130
PyMemoryView_FromBuffer (C function), 130
PyMemoryView_FromMemory (C function), 130
PyMemoryView_FromObject (C function), 130
PyMemoryView_GET_BASE (C function), 130
PyMemoryView_GET_BUFFER (C function), 130
PyMemoryView_GetContiguous (C function), 130
PyMethod_Check (C function), 119

PyMethod_Function (C function), 119
PyMethod_GET_FUNCTION (C function), 119
PyMethod_GET_SELF (C function), 119
PyMethod_New (C function), 119
PyMethod_Self (C function), 119
PyMethod_Type (Cvar), 119
PyMethodDef (C type), 190
PyModule_AddFunctions (C function), 126
PyModule_AddIntConstant (C function), 126
PyModule_AddIntMacro (C function), 126
PyModule_AddObject (C function), 126
PyModule_AddStringConstant (C function), 126
PyModule_AddStringMacro (C function), 126
PyModule_AddType (C function), 127
PyModule_Check (C function), 121
PyModule_CheckExact (C function), 121
PyModule_Create (C function), 124
PyModule_Create? (C function), 124
PyModule_ExecDef (C function), 126
PyModule_FromDefAndSpec (C function), 125
PyModule_FromDefAndSpec?2 (C function), 125
PyModule_GetDef (C function), 122
PyModule_GetDict (C function), 122
PyModule_GetFilename (C function), 122
PyModule_GetFilenameObject (C function), 122
PyModule_GetName (C function), 122
PyModule_GetNameObject (C function), 122
PyModule_GetState (C function), 122
PyModule_New (C function), 121
PyModule_NewObject (C function), 121
PyModule_SetDocString (C function), 126
PyModule_Type (Cvar), 121
PyModuleDef (C type), 122
PyModuleDef_Init (C function), 124
PyModuleDef_Slot (Ctype), 124
PyModuleDef_Slot.slot (C member), 124
PyModuleDef_Slot.value (C member), 124
PyModuleDef .m_base (C member), 122
PyModuleDef .m_clear (C member), 123
PyModuleDef .m_doc (C member), 122
PyModuleDef .m_free (C member), 123
PyModuleDef .m_methods (C member), 123
PyModuleDef .m_name (C member), 122
PyModuleDef .m_size (C member), 123
PyModuleDef .m_slots (C member), 123
PyModuleDef.m_slots.m_reload (C member),
123
PyModuleDef.m_traverse (C member), 123
PyNumber_Absolute (C function), 66
PyNumber_Add (C function), 66
PyNumber_And (C function), 66
PyNumber_AsSsize_t (C function), 68
PyNumber_Check (C function), 66
PyNumber_Divmod (C function), 66
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PyNumber_Float (C function), 67
PyNumber_FloorDivide (C function), 66
PyNumber_Index (C function), 68
PyNumber_InPlaceAdd (C function), 67
PyNumber_InPlaceAnd (C function), 67
PyNumber_InPlaceFloorDivide (C function), 67
PyNumber_InPlaceLshift (C function), 67
PyNumber_InPlaceMatrixMultiply (C func-
tion), 67
PyNumber_InPlaceMultiply (C function), 67
PyNumber_InPlaceOr (C function), 67
PyNumber_InPlacePower (C function), 67
PyNumber_InPlaceRemainder (C function), 67
PyNumber_InPlaceRshift (C function), 67
PyNumber_InPlaceSubtract (C function), 67
PyNumber_InPlaceTrueDivide (C function), 67
PyNumber_InPlaceXor (C function), 67
PyNumber_Invert (C function), 66
PyNumber_Long (C function), 67
PyNumber_Lshift (C function), 66
PyNumber_ MatrixMultiply (C function), 66
PyNumber_Multiply (C function), 66
PyNumber_Negative (C function), 66
PyNumber_Or (C function), 66
PyNumber_Positive (C function), 66
PyNumber_Power (C function), 66
PyNumber_Remainder (C function), 66
PyNumber_Rshift (C function), 66
PyNumber_Subtract (C function), 66
PyNumber_ToBase (C function), 68
PyNumber_TrueDivide (C function), 66
PyNumber_Xor (C function), 66

PyNumberMethods.nb_inplace_or (C member),
220
PyNumberMethods.nb_inplace_power (C mem-
ber), 220
PyNumberMethods.nb_inplace_remainder (C
member), 220
PyNumberMethods.nb_inplace_rshift (o
member), 220
PyNumberMethods.nb_inplace_subtract (C

member), 220

PyNumberMethods

.nb_inplace_true_divide

(C member), 220

PyNumberMethods
220
PyNumberMethods

PyNumberMethods.

PyNumberMethods
PyNumberMethods

.nb_inplace_xor (Cmember),

.nb_int (C member), 220
nb_invert (C member), 219
.nb_1shift (C member), 220

.nb_matrix_multiply (e

member), 220

PyNumberMethods

PyNumberMethods.

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
219
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
220
PyNumberMethods

.nb_multiply (Cmember), 219
nb_negative (Cmember), 219
.nb_or (C member), 220
.nb_positive (Cmember), 219
.nb_power (C member), 219
.nb_remainder (C member),

.nb_reserved (C member), 220
.nb_rshift (C member), 220

.nb_subtract (C member), 219
.nb_true_divide (Cmember),

.nb_xor (C member), 220

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 220
PyNumberMethods
PyNumberMethods
220
PyNumberMethods
220
PyNumberMethods

(Ctype), 218

.nb_absolute (Cmember), 219
.nb_add (C member), 219
.nb_and (C member), 220
.nb_bool (C member), 219
.nb_divmod (C member), 219
.nb_float (C member), 220
.nb_floor_divide (C mem-

.nb_index (C member), 220
.nb_inplace_add (Cmember),

.nb_inplace_and (Cmember),

(C member), 220

PyNumberMethods

.nb_inplace_1lshift

(@

member), 220
PyNumberMethods.nb_inplace_matrix_multipRyObject_DelAttr (C function), 58
(C member), 220
PyNumberMethods.nb_inplace_multiply (C PyObject_DelItem (C function), 60
member), 220

nb_inplace_floor_divide

PyObject (Ctype), 188
PyObject_ASCII (C function), 59
PyObject_AsFileDescriptor (C function), 121
PyObject_Bytes (C function), 59
PyObject_Call (C function), 63
PyObject_CallFunction (C function), 64
PyObject_CallFunctionObjArgs (C function),
64
PyObject_CallMethod (C function), 64
PyObject_CallMethodNoArgs (C function), 64
PyObject_CallMethodObjArgs (C function), 64
PyObject_CallMethodOneArqg (C function), 64
PyObject_CallNoArgs (C function), 63
PyObject_CallObject (C function), 64
PyObject_Calloc (C function), 182
PyObject_CallOneArqg (C function), 64
PyObject_CheckBuffer (C function), 77
PyObject_Del (C function), 187

PyObject_DelAttrString (C function), 58

PyObject_Dir (C function), 60
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PyObject_Free (C function), 182
PyObject_GC_Del (C function), 228
PyObject_GC_IsFinalized (C function), 228
PyObject_GC_IsTracked (C function), 228
PyObject_GC_New (C function), 227
PyObject_GC_NewVar (C function), 227
PyObject_GC_Resize (C function), 227
PyObject_GC_Track (C function), 227
PyObject_GC_UnTrack (C function), 228
PyObject_GenericGetAttr (C function), 58
PyObject_GenericGetDict (C function), 58
PyObject_GenericSetAttr (C function), 58
PyObject_GenericSetDict (C function), 58
PyObject_GetArenaAllocator (C function), 185
PyObject_GetAttr (C function), 58
PyObject_GetAttrString (C function), 58
PyObject_GetBuffer (C function), 77
PyObject_GetItem (C function), 60
PyObject_GetIter (C function), 61
PyObject_HasAttr (C function), 57
PyObject_HasAttrString (C function), 57
PyObject_Hash (C function), 60
PyObject_HashNotImplemented (C function), 60
PyObject_HEAD (C macro), 188
PyObject_HEAD_INIT (C macro), 189
PyObject_Init (C function), 187
PyObject_InitVar (C function), 187
PyObject_IS_GC (C function), 227
PyObject_IsInstance (C function), 59
PyObject_IsSubclass (C function), 59
PyObject_IsTrue (C function), 60
PyObject_Length (C function), 60
PyObject_LengthHint (C function), 60
PyObject_Malloc (C function), 182
PyObject_New (C function), 187
PyObject_NewVar (C function), 187
PyObject_Not (C function), 60
PyObject._ob_next (C member), 200
PyObject._ob_prev (C member), 200
PyObject_Print (C function), 57
PyObject_Realloc (C function), 182
PyObject_Repr (C function), 59
PyObject_RichCompare (C function), 58
PyObject_RichCompareBool (C function), 59
PyObject_SetArenalAllocator (C function), 185
PyObject_SetAttr (C function), 58
PyObject_SetAttrString (C function), 58
PyObject_SetItem (C function), 60
PyObject_Size (C function), 60
PyObject_Str (C function), 59
PyObject_Type (C function), 60
PyObject_TypeCheck (C function), 60
PyObject_VAR_HEAD (C macro), 188
PyObject_Vectorcall (C function), 65

PyObject_VectorcallDict (C function), 65
PyObject_VectorcallMethod (C function), 65
PyObjectArenaAllocator (C type), 185
PyObject.ob_refcnt (C member), 200
PyObject .ob_type (C member), 201
PyOS_AfterFork (C function), 36
PyOS_AfterFork_Child (C function), 36
PyOS_AfterFork_Parent (C function), 35
PyOS_BReforeFork (C function), 35
PyOS_CheckStack (C function), 36
PyOS_double_to_string (C function), 52
PyOS_FSPath (C function), 35
PyOS_getsig (C function), 36
PyOS_InputHook (Cvar), 16
PyOS_ReadlineFunctionPointer (Cvar), 17
PyOS_setsig (C function), 36
PyOS_snprintf (C function), 51
PyOS_stricmp (C function), 52
PyOS_string_to_double (C function), 52
PyOS_strnicmp (C function), 52
PyOS_vsnprintf (C function), 51
PyParser_SimpleParseFile (C function), 17
PyParser_SimpleParseFileFlags (C function),
17
PyParser_SimpleParseString (C function), 17
PyParser_SimpleParseStringFlags (C func-
tion), 17
PyParser_SimpleParseStringFlagsFilename
(C function), 17
PyPreConfig (C type), 166
PyPreConfig.allocator (C member), 166
PyPreConfig.coerce_c_locale (C member), 166
PyPreConfig.coerce_c_locale_warn (C mem-
ber), 167
PyPreConfig.configure_locale (C member),
166
PyPreConfig.dev_mode (C member), 167
PyPreConfig.isolated (C member), 167
PyPreConfig.legacy_windows_fs_encoding
(C member), 167
PyPreConfig.parse_argv (C member), 167

PyPreConfig.PyPreConfig InitIsolatedConfig

(C function), 166

PyPreConfig.PyPreConfig_InitPythonConfig

(C function), 166
PyPreConfig.use_environment (Cmember), 167
PyPreConfig.utf8_mode (C member), 167
PyProperty_Type (Cvar), 128
PyRun_AnyFile (C function), 15
PyRun_AnyFileEx (C function), 15
PyRun_AnyFileExFlags (C function), 16
PyRun_AnyFileFlags (C function), 15
PyRun_File (C function), 17
PyRun_FileEx (C function), 17
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PyRun_FileExFlags (C function), 17
PyRun_FileFlags (C function), 17
PyRun_InteractiveLoop (C function), 16
PyRun_InteractiveLoopFlags (C function), 16
PyRun_InteractiveOne (C function), 16
PyRun_InteractiveOneFlags (C function), 16
PyRun_SimpleFile (C function), 16
PyRun_SimpleFileEx (C function), 16
PyRun_SimpleFileExFlags (C function), 16
PyRun_SimpleString (C function), 16
PyRun_SimpleStringFlags (C function), 16
PyRun_String (C function), 17
PyRun_StringFlags (C function), 17
PySendResult (Ctype), 133
PySeqglter_Check (C function), 127
PySeqlter_New (C function), 127
PySeqlter_Type (Cvar), 127
PySequence_Check (C function), 68
PySequence_Concat (C function), 68
PySequence_Contains (C function), 69
PySequence_Count (C function), 69
PySequence_DelItem (C function), 69
PySequence_DelSlice (C function), 69
PySequence_Fast (C function), 69
PySequence_Fast_GET_ITEM (C function), 69
PySequence_Fast_GET_SIZE (C function), 69
PySequence_Fast_ITEMS (C function), 69
PySequence_GetItem (C function), 68
PySequence_GetItem(), 8
PySequence_GetSlice (C function), 68
PySequence_Index (C function), 69
PySequence_InPlaceConcat (C function), 68
PySequence_InPlaceRepeat (C function), 68
PySequence_ITEM (C function), 69
PySequence_Length (C function), 68
PySequence_List (C function), 69
PySequence_Repeat (C function), 68
PySequence_SetItem (C function), 68
PySequence_SetSlice (C function), 69
PySequence_Size (C function), 68
PySequence_Tuple (C function), 69
PySequenceMethods (C type), 221
PySequenceMethods.sq ass_item (C member),
221
PySequenceMethods.
PySequenceMethods.
221
PySequenceMethods.
member), 221
PySequenceMethods
member), 221
PySequenceMethods.
PySequenceMethods.
PySequenceMethods.

sq_concat (C member), 221
sq_contains (C member),

sq_inplace_concat (C
.sq_inplace_repeat (C
sq_item (C member), 221

sq_length (C member), 221
sq_repeat (Cmember), 221

PySet_Add (C function), 117
PySet_Check (C function), 116
PySet_Clear (C function), 117
PySet_Contains (C function), 117
PySet_Discard (C function), 117
PySet_GET_SIZE (C function), 117
PySet_New (C function), 116
PySet_Pop (C function), 117
PySet_Size (C function), 117
PySet_Type (Cvar), 116
PySetObject (Ctype), 116
PySignal_SetWakeupFd (C function), 29
PySlice_AdjustIndices (C function), 129
PySlice_Check (C function), 128
PySlice_GetIndices (C function), 128
PySlice_GetIndicesEx (C function), 128
PySlice_New (C function), 128
PySlice_Type (Cvar), 128
PySlice_Unpack (C function), 129
PyState_AddModule (C function), 127
PyState_FindModule (C function), 127
PyState_RemoveModule (C function), 127
PyStatus (Ctype), 165
PyStatus.err_msg (C member), 165
PyStatus.exitcode (C member), 165
PyStatus. func (C member), 165
PyStatus.Py_ExitStatusException (C func-
tion), 165
PyStatus.PyStatus_Error (C function), 165
PyStatus.PyStatus_Exception (C function), 165
PyStatus.PyStatus_Exit (C function), 165
PyStatus.PyStatus_IsError (C function), 165
PyStatus.PyStatus_IsExit (C function), 165
PyStatus.PyStatus_NoMemory (C function), 165
PyStatus.PyStatus_0k (C function), 165
PyStructSequence_Desc (Ctype), 111
PyStructSequence_Field (Ctype), 111
PyStructSequence_GET_ITEM (C function), 112
PyStructSequence_GetItem (C function), 112
PyStructSequence_InitType (C function), 111
PyStructSequence_InitType2 (C function), 111
PyStructSequence_New (C function), 112
PyStructSequence_NewType (C function), 111
PyStructSequence_SET_ITEM (C function), 112
PyStructSequence_SetItem (C function), 112
PyStructSequence_UnnamedField (Cvar), 111
PySys_AddAuditHook (C function), 39
PySys_AddWarnOption (C function), 38
PySys_AddWarnOptionUnicode (C function), 38
PySys_AddXOption (C function), 38
PySys_Audit (C function), 39
PySys_FormatStderr (C function), 38
PySys_FormatStdout (C function), 38
PySys_GetObject (C function), 38
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PySys_GetXOptions (C function), 38
PySys_ResetWarnOptions (C function), 38
PySys_SetArgv (C function), 149
PySys_SetArgv (), 146
PySys_SetArgvEx (C function), 149
PySys_SetArgvEx (), 11, 146
PySys_SetObject (C function), 38
PySys_SetPath (C function), 38
PySys_WriteStderr (C function), 38
PySys_WriteStdout (C function), 38
Python 3000, 241
Python #&&HZEN

PEP 1,241

PEP 7,3,5

PEP 238,19, 236

PEP 278,243

PEP 302,236,239

PEP 343,235

PEP 362,234,241

PEP 383,99

PEP 384,13

PEP 393,91, 98

PEP 411,241

PEP 420, 236, 240, 241

PEP 432,177,178

PEP 442,217

PEP 443,237

PEP 451,125,236

PEP 484,233,237, 243,244

PEP 489,125

PEP 492,234,235

PEP 498,236

PEP 519,241

PEP 523,155

PEP 525,234

PEP 526,233,244

PEP 528, 145

PEP 529,99, 145

PEP 538,174

PEP 539, 161

PEP 540,174

PEP 552,169

PEP 578, 39

PEP 587, 164

PEP 590,61

PEP 623,91

PEP 3116,243

PEP 3119,59,60

PEP 3121,123

PEP 3147,42

PEP 3151,34

PEP 3155,242
PYTHON*, 145
PYTHONCOERCECLOCALE, 174

PYTHONDERUG, 144
PYTHONDONTWRITEBYTECODE, 144
PYTHONDUMPREF'S, 200
PYTHONHASHSEED, 145
PYTHONHOME, 11, 145, 149, 150, 170
Pythonic, 242
PYTHONINSPECT, 145
PYTHONIOENCODING, 147
PYTHONLEGACYWINDOWSFSENCODING, 145
PYTHONLEGACYWINDOWSSTDIO, 145
PYTHONMALLOC, 180, 183, 184
PYTHONMALLOCSTATS, 180
PYTHONNOUSERSITE, 145
PYTHONOPTIMIZE, 145
PYTHONPATH, 11, 145, 171
PYTHONUNBUFFERED, 146
PYTHONUTFS, 174
PYTHONVERBOSE, 146
PyThread_create_key (C function), 162
PyThread_delete_key (C function), 162
PyThread_delete_key_value (C function), 162
PyThread_get_key_value (C function), 162
PyThread_ReInitTLS (C function), 162
PyThread_set_key_value (C function), 162
PyThread_tss_alloc (C function), 161
PyThread_tss_create (C function), 161
PyThread_tss_delete (C function), 161
PyThread_tss_free (C function), 161
PyThread_tss_get (C function), 162
PyThread_tss_is_created (C function), 161
PyThread_tss_set (C function), 162
PyThreadState, 150
PyThreadState (Ctype), 152
PyThreadState_Clear (C function), 154
PyThreadState_Delete (C function), 154
PyThreadState_DeleteCurrent (C function), 154
PyThreadState_Get (C function), 152
PyThreadState_GetDict (C function), 155
PyThreadState_GetFrame (C function), 154
PyThreadState_GetID (C function), 155
PyThreadState_GetInterpreter (C function),
155
PyThreadState_New (C function), 154
PyThreadState_Next (C function), 160
PyThreadState_SetAsyncExc (C function), 156
PyThreadState_Swap (C function), 153
PyTime_Check (C function), 135
PyTime_CheckExact (C function), 136
PyTime_FromTime (C function), 136
PyTime_FromTimeAndFold (C function), 136
PyTimeZone_FromOffset (C function), 136
PyTimeZone_FromOffsetAndName (C function),
136
PyTrace_C_CALL (C var), 159
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PyTrace_C_EXCEPTION (C var), 159
PyTrace_C_RETURN (C var), 159
PyTrace_CALL (Cvar), 159
PyTrace_EXCEPTION (C var), 159
PyTrace_LINE (C var), 159
PyTrace_OPCODE (C var), 159
PyTrace_RETURN (C var), 159
PyTraceMalloc_Track (C function), 185
PyTraceMalloc_Untrack (C function), 185
PyTuple_Check (C function), 110
PyTuple_CheckExact (C function), 110
PyTuple_GET_ITEM (C function), 110
PyTuple_GET_SIZE (C function), 110
PyTuple_GetItem (C function), 110
PyTuple_GetSlice (C function), 110
PyTuple_New (C function), 110
PyTuple_Pack (C function), 110
PyTuple_SET_ITEM (C function), 110
PyTuple_SetItem (C function), 110
PyTuple_SetItem(),7
PyTuple_Size (C function), 110
PyTuple_Type (Cvar), 110
PyTupleObject (Ctype), 110
PyType_Check (C function), 79
PyType_CheckExact (C function), 79
PyType_ClearCache (C function), 79
PyType_FromModuleAndSpec (C function), 81
PyType_FromSpec (C function), 81
PyType_FromSpecWithBases (C function), 81
PyType_GenericAlloc (C function), 80
PyType_GenericNew (C function), 80
PyType_GetFlags (C function), 79
PyType_GetModule (C function), 80
PyType_GetModuleState (C function), 80
PyType_GetSlot (C function), 80
PyType_HasFeature (C function), 80
PyType_IS_GC (C function), 80
PyType_TIsSubtype (C function), 80
PyType_Modified (C function), 80
PyType_Ready (C function), 80
PyType_Slot (C type), 81

PyType_Slot.PyType_Slot.pfunc (C member),

82

PyType_Slot.PyType_Slot.slot (Cmember), 81

PyType_Spec (C type), 81
PyType_Spec.PyType_Spec.basicsize
member), 81

PyType_Spec.PyType_Spec.flags (C member),

81

PyType_Spec.PyType_Spec.itemsize (C mem-

ber), 81

PyType_Spec.PyType_Spec.name (Cmember), 81
PyType_Spec.PyType_Spec.slots (C member),

81

PyType_Type (Cvar), 79

PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

(Ctype), 79

.tp_alloc (C member), 215
tp_as_async (C member), 204
.tp_as_buffer (C member), 206
.tp_as_mapping (C member), 204
.tp_as_number (C member), 204
.tp_as_sequence (C member), 204
tp_base (C member), 212
.tp_bases (C member), 216
.tp_basicsize (C member), 202
.tp_cache (C member), 216
.tp_call (C member), 205
tp_clear (C member), 209
.tp_dealloc (C member), 202
.tp_del (C member), 217
.tp_descr_get (C member), 213
.tp_descr_set (C member), 213
.tp_dict (C member), 213
.tp_dictoffset (C member), 214
.tp_doc (C member), 208
.tp_finalize (C member), 217
.tp_flags (C member), 206
.tp_~free (C member), 215
.tp_getattr (C member), 203
.tp_getattro (C member), 205
.tp_getset (C member), 212
.tp_hash (C member), 204
.tp_init (C member), 214
.tp_is_gc (C member), 216
.tp_itemsize (C member), 202
.tp_iter (C member), 211
.tp_iternext (C member), 212
.tp_members (C member), 212
.tp_methods (C member), 212
.tp_mro (C member), 216
.tp_name (C member), 201
.tp_new (C member), 215
.tp_repr (C member), 204
.tp_richcompare (C member), 210

.tp_richcompare.Py_RETURN_RICHCOMPARE

(C macro), 211

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

.tp_setattr (C member), 203
.tp_setattro (C member), 206
.tp_str (C member), 205
.tp_subclasses (C member), 216
.tp_traverse (C member), 208
.tp_vectorcall (C member), 217
.tp_vectorcall_offset c

member), 203

PyTypeObject

PyTypeObject

PyTypeObject
211

.tp_version_tag (C member),217
.tp_weaklist (C member), 217
.tp_weaklistoffset (Cmember),
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PyTZInfo_Check (C function), 136
PyTZInfo_CheckExact (C function), 136
PyUnicode_1BYTE_DATA (C function), 92
PyUnicode_1BYTE_KIND (C macro), 92
PyUnicode_2BYTE_DATA (C function), 92
PyUnicode_2BYTE_KIND (C macro), 92
PyUnicode_4BYTE_DATA (C function), 92
PyUnicode_4BYTE_KIND (C macro), 92
PyUnicode_AS_DATA (C function), 93
PyUnicode_AS_UNICODE (C function), 93
PyUnicode_AsASCIIString (C function), 106
PyUnicode_AsCharmapString (C function), 107
PyUnicode_AsEncodedString (C function), 102
PyUnicode_AsLatinlString (C function), 106
PyUnicode_AsMBCSString (C function), 108
PyUnicode_AsRawUnicodeEscapeString (e
function), 105
PyUnicode_AsUCS4 (C function), 97
PyUnicode_AsUCS4Copy (C function), 97
PyUnicode_AsUnicode (C function), 98
PyUnicode_AsUnicodeAndSize (C function), 98
PyUnicode_AsUnicodeEscapeString (C func-
tion), 105
PyUnicode_AsUTF38 (C function), 102
PyUnicode_AsUTF8AndSize (C function), 102
PyUnicode_AsUTF8String (C function), 102
PyUnicode_AsUTF16String (C function), 104
PyUnicode_AsUTF32String (C function), 103
PyUnicode_AsWideChar (C function), 101
PyUnicode_AsWideCharString (C function), 101
PyUnicode_Check (C function), 92
PyUnicode_CheckExact (C function), 92
PyUnicode_Compare (C function), 109
PyUnicode_CompareWithASCIIString (C func-
tion), 109
PyUnicode_Concat (C function), 108
PyUnicode_Contains (C function), 109
PyUnicode_CopyCharacters (C function), 97
PyUnicode_Count (C function), 109
PyUnicode_DATA (C function), 92
PyUnicode_Decode (C function), 102
PyUnicode_DecodeASCII (C function), 106
PyUnicode_DecodeCharmap (C function), 107
PyUnicode_DecodeFSDefault (C function), 100
PyUnicode_DecodeFSDefaultAndSize (C func-
tion), 100
PyUnicode_DecodeLatinl (C function), 106
PyUnicode_DecodeLocale (C function), 99
PyUnicode_DecodelLocaleAndSize (C function),
99
PyUnicode_DecodeMBCS (C function), 108
PyUnicode_DecodeMBCSStateful (C function),
108

PyUnicode_DecodeRawUnicodeEscape (C func-

tion), 105
PyUnicode_DecodeUnicodeEscape (C function),
105

PyUnicode_DecodeUTF7 (C function), 105
PyUnicode_DecodeUTF7Stateful (C function),
105
PyUnicode_DecodeUTF8 (C function), 102
PyUnicode_DecodeUTF8Stateful (C function),
102
PyUnicode_DecodeUTF16 (C function), 104
PyUnicode_DecodeUTF16Stateful (C function),
104
PyUnicode_DecodeUTF32 (C function), 103
PyUnicode_DecodeUTF32Stateful (C function),
103
PyUnicode_Encode (C function), 102
PyUnicode_EncodeASCII (C function), 106
PyUnicode_EncodeCharmap (C function), 107
PyUnicode_EncodeCodePage (C function), 108
PyUnicode_EncodeFSDefault (C function), 100
PyUnicode_EncodeLatinl (C function), 106
PyUnicode_EncodeLocale (C function), 99
PyUnicode_EncodeMBCS (C function), 108
PyUnicode_EncodeRawUnicodeEscape (C func-
tion), 105
PyUnicode_EncodeUnicodeEscape (C function),
105
PyUnicode_EncodeUTF7 (C function), 105
PyUnicode_EncodeUTF8 (C function), 103
PyUnicode_EncodeUTF16 (C function), 104
PyUnicode_EncodeUTF32 (C function), 103
PyUnicode_Fill (C function), 97
PyUnicode_Find (C function), 109
PyUnicode_FindChar (C function), 109
PyUnicode_Format (C function), 109
PyUnicode_FromEncodedObject (C function), 96
PyUnicode_FromFormat (C function), 95
PyUnicode_FromFormatV (C function), 96
PyUnicode_FromKindAndData (C function), 95
PyUnicode_FromObject (C function), 98
PyUnicode_FromString (C function), 95
PyUnicode_FromString(), 114
PyUnicode_FromStringAndSize (C function), 95
PyUnicode_FromUnicode (C function), 98
PyUnicode_FromWideChar (C function), 101
PyUnicode_FSConverter (C function), 99
PyUnicode_FSDecoder (C function), 100
PyUnicode_GET_DATA_SIZE (C function), 93
PyUnicode_GET_LENGTH (C function), 92
PyUnicode_GET_SIZE (C function), 93
PyUnicode_GetLength (C function), 97
PyUnicode_GetSize (C function), 98
PyUnicode_InternFromString (C function), 110
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PyUnicode_InternInPlace (C function), 109
PyUnicode_IsIdentifier (C function), 93
PyUnicode_Join (C function), 108
PyUnicode_KIND (C function), 92
PyUnicode_MAX_CHAR_VALUE (C macro), 93
PyUnicode_New (C function), 95
PyUnicode_READ (C function), 93
PyUnicode_READ_CHAR (C function), 93
PyUnicode_ReadChar (C function), 97
PyUnicode_READY (C function), 92
PyUnicode_Replace (C function), 109
PyUnicode_RichCompare (C function), 109
PyUnicode_Split (C function), 108
PyUnicode_Splitlines (C function), 108
PyUnicode_Substring (C function), 97
PyUnicode_Tailmatch (C function), 108
PyUnicode_TransformDecimal ToASCII (&
function), 98
PyUnicode_Translate (C function), 107
PyUnicode_TranslateCharmap (C function), 107
PyUnicode_Type (C var), 92
PyUnicode_WCHAR_KIND (C macro), 92
PyUnicode_WRITE (C function), 93
PyUnicode_WriteChar (C function), 97
PyUnicodeDecodeError_Create (C function), 30
PyUnicodeDecodeError_GetEncoding (C func-
tion), 31
PyUnicodeDecodeError_GetEnd (C function), 31

PyUnicodeDecodeError_GetObject (C func-
tion), 31

PyUnicodeDecodeError_GetReason (C func-
tion), 31

PyUnicodeDecodeError_GetStart (C function),
31

PyUnicodeDecodeError_SetEnd (C function), 31

PyUnicodeDecodeError_SetReason (C func-
tion), 31

PyUnicodeDecodeError_SetStart (C function),
31

PyUnicodeEncodeError_Create (C function), 30

PyUnicodeEncodeError_GetEncoding (C func-
tion), 31

PyUnicodeEncodeError_GetEnd (C function), 31

PyUnicodeEncodeError_GetObject (C func-
tion), 31

PyUnicodeEncodeError_GetReason (C func-
tion), 31

PyUnicodeEncodeError_GetStart (C function),
31

PyUnicodeEncodeError_SetEnd (C function), 31

PyUnicodeEncodeError_SetReason (C func-
tion), 31

PyUnicodeEncodeError_SetStart (C function),
31

PyUnicodeObject (C type), 91
PyUnicodeTranslateError_Create (C func-

tion), 30
PyUnicodeTranslateError_GetEnd (C func-

tion), 31
PyUnicodeTranslateError_GetObject c

function), 31
PyUnicodeTranslateError_GetReason (e

function), 31
PyUnicodeTranslateError_GetStart (C func-

tion), 31
PyUnicodeTranslateError_SetEnd (C func-

tion), 31
PyUnicodeTranslateError_SetReason (e

function), 31
PyUnicodeTranslateError_SetStart (C func-

tion), 31
PyVarObject (C type), 188
PyVarObject_HEAD_INIT (C macro), 189
PyVarObject.ob_size (C member), 201
PyVectorcall_Call (C function), 63
PyVectorcall_Function (C function), 62
PyVectorcall_NARGS (C function), 62
PyWeakref_Check (C function), 130
PyWeakref_CheckProxy (C function), 130
PyWeakref_CheckRef (C function), 130
PyWeakref_GET_OBJECT (C function), 131
PyWeakref_GetObject (C function), 131
PyWeakref_NewProxy (C function), 131
PyWeakref_NewRef (C function), 130
PyWideStringList (Ctype), 164
PyWideStringList.items (C member), 164
PyWideStringList.length (C member), 164

PyWideStringList.PyWideStringList_Append

(C function), 164

PyWideStringList .PyWideStringList_Insert

(C function), 164
PyWrapper_New (C function), 128

Q

qualified name -- [RE &R, 242
R

realloc (), 179

reference count —-- 5| %%, 242
regular package —— HH A, 242
releasebufferproc (Ctype), 224
repr

[BE %%, 59,204
reprfunc (Ctype), 224
richcmpfunc (Ctype), 224

S

sdterr

e ]
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stdin stdout, 147
search

path, module, 11, 146, 148
sequence

Xt %, 88
sequence -- 77,242
set

T4, 116
set_all(),8
setattrfunc (Ctype), 224
setattrofunc (Ctype), 224
setswitchinterval () (in module sys), 150
SIGINT, 29
signal

ok, 29
single dispatch —-- B4k, 242
SIZE_MAX, 85
slice —— Y k,242
special

method, 243
special method -- HFF i, 243
ssizeargfunc (Ctype), 224
ssizeobjargproc (Ctype), 224
statement -- JE4], 243
staticmethod

& & %, 191
stderr (in module sys), 157
stdin

stdout sdterr, 147
stdin (in module sys), 157
stdout

sdterr, stdin, 147
stdout (in module sys), 157
strerror (), 25
string

PyObject_Str (C function), 59
sum_list (),8
sum_sequence (), 9, 10
Sys

M, 11, 146, 157

SystemError (built-in exception), 122

T

ternaryfunc (C type), 224

text encoding —— X A%, 243
text file —— SCAXf,243
traverseproc (Ctype), 228

type —— %A, 243
type alias —- %A 54,243
type hint -- EA IR, 243

U

ULONG_MAX, 84
unaryfunc (C type), 224
universal newlines -- @ #4T, 243

V

variable annotation -- T EH#, 243
EE &%
__import
abs, 66
ascii, 59
bytes, 59
classmethod, 191
compile, 41
divmod, 66
float, 68
hash, 60, 204
int, 67
len, 60, 68, 70, 112, 115, 117
pow, 66, 67
repr, 59, 204
staticmethod, 191
tuple, 69, 113
type, 60
vectorcallfunc (Ctype), 61
version (in module sys), 148, 149
virtual environment —-- EWIIE, 244
virtual machine —- JE#AHL, 244
visitproc (Ctype), 228
SIS
bytearray, 90
bytes, 88
Capsule, 131
complex number, 87
dictionary, 113
file, 120
floating point, 86
frozenset, 116
function, 117
instancemethod, 118
integer, 83
list, 112
long integer, 83

40

_

triple-quoted string —- Z 5| 5F {8,243 mapping, 113
tuple memoryview, 130
& &%, 69, 113 method, 119
%, 110 module, 121
type None, 82
[F1E & %, 60 numeric, 83
£, 6,79 sequence, 88
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set, 116
tuple, 110
type, 6,79

W

MR
__main__, 11, 146, 157
_thread, 152
builtins, 11, 146, 157
signal, 29
sys, 11, 146, 157

Z

Zen of Python —-- Python Z##, 244
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