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This manual documents the API used by C and C++ programmers who want to write extension modules or embed Python.
It is a companion to extending-index, which describes the general principles of extension writing but does not document
the API functions in detail.

Mepiexopeva 1
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Introduction

The Application Programmer’s Interface to Python gives C and C++ programmers access to the Python interpreter at a
variety of levels. The API is equally usable from C++, but for brevity it is generally referred to as the Python/C API.
There are two fundamentally different reasons for using the Python/C API. The first reason is to write extension modules
for specific purposes; these are C modules that extend the Python interpreter. This is probably the most common use. The
second reason is to use Python as a component in a larger application; this technique is generally referred to as embedding
Python in an application.

Writing an extension module is a relatively well-understood process, where a «cookbook» approach works well. There
are several tools that automate the process to some extent. While people have embedded Python in other applications
since its early existence, the process of embedding Python is less straightforward than writing an extension.

Many API functions are useful independent of whether you’re embedding or extending Python; moreover, most
applications that embed Python will need to provide a custom extension as well, so it’s probably a good idea to become
familiar with writing an extension before attempting to embed Python in a real application.

1.1 Coding standards

If you’re writing C code for inclusion in CPython, you must follow the guidelines and standards defined in PEP 7. These
guidelines apply regardless of the version of Python you are contributing to. Following these conventions is not necessary
for your own third party extension modules, unless you eventually expect to contribute them to Python.



https://peps.python.org/pep-0007/
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1.2 Include Files

All function, type and macro definitions needed to use the Python/C API are included in your code by the following line:

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

This implies inclusion of the following standard headers: <stdio.h>, <string.h>, <errno.h>,<limits.h>,
<assert.h>and <stdlib.h> (if available).

Enueiwon: Since Python may define some pre-processor definitions which affect the standard headers on some systems,
you must include Python . h before any standard headers are included.

It is recommended to always define PY_SSIZE_T_CLEAN before including Python.h. See Parsing arguments and
building values for a description of this macro.

All user visible names defined by Python.h (except those defined by the included standard headers) have one of the prefixes
Py or _Py. Names beginning with _Py are for internal use by the Python implementation and should not be used by
extension writers. Structure member names do not have a reserved prefix.

Enueiwon: 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.

The header files are typically installed with Python. On Unix, these are located in the directories prefix/include/
pythonversion/ and exec_prefix/include/pythonversion/, where prefix and exec_prefix
are defined by the corresponding parameters to Python’s configure script and version is '$d.%d' % sys.
version_info[:2]. On Windows, the headers are installed in prefix/include, where prefix is the
installation directory specified to the installer.

To include the headers, place both directories (if different) on your compiler’s search path for includes. Do not place
the parent directories on the search path and then use #include <pythonX.Y/Python.h>; this will break on
multi-platform builds since the platform independent headers under pre fix include the platform specific headers from
exec_prefix.

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 aresult, there is no need to do anything special to use the API from C++.

1.3 Useful macros

Several useful macros are defined in the Python header files. Many are defined closer to where they are useful (e.g.
Py_RETURN_NONE). Others of a more general utility are defined here. This is not necessarily a complete listing.

PyMODINIT_FUNC

Declare an extension module Py Init initialization function. The function return type is PyOb ject*. The macro
declares any special linkage declarations required by the platform, and for C++ declares the function as extern
" C n .

The initialization function must be named Py Init_ name, where name is the name of the module, and should be
the only non-static item defined in the module file. Example:

4 Kegahaio 1. Introduction
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-

static struct PyModuleDef spam_module = {
PyModuleDef_ HEAD_INIT,
.m_name = "spam",

bi

PyMODINIT_FUNC
PyInit_spam(void)
{
return PyModule_Create (&spam_module) ;

}

Py_ABS (x)
Return the absolute value of x.

Néo otnv ¢kdoon 3.3.
Py ALWAYS_INLINE

Ask the compiler to always inline a static inline function. The compiler can ignore it and decides to not inline the
function.

It can be used to inline performance critical static inline functions when building Python in debug mode with
function inlining disabled. For example, MSC disables function inlining when building in debug mode.

Marking blindly a static inline function with Py_ALWAYS_INLINE can result in worse performances (due to
increased code size for example). The compiler is usually smarter than the developer for the cost/benefit analysis.

If Python is built in debug mode (if the Py_ DEBUG macro is defined), the Py ALWAYS TNLINE macro does
nothing.

It must be specified before the function return type. Usage:

[static inline Py_ALWAYS_INLINE int random(void) { return 4; }

Néo otnv éxdoomn 3.11.
Py CHARMASK (c)

Argument must be a character or an integer in the range [-128, 127] or [0, 255]. This macro returns c cast to an
unsigned char.

Py_DEPRECATED (version)

Use this for deprecated declarations. The macro must be placed before the symbol name.

Example:

[nyDEPRECATED (3.8) PyAPI_FUNC (int) Py_OldFunction (void) ; ]

AMEe oty £xdoon 3.8: MSVC support was added.

Py_GETENV (s)

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

Py MAX (X,y)

Return the maximum value between x and y.

Néo omnv ékdoom 3.3.

1.3. Useful macros 5
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Py_MEMBER_SIZE (type, member)
Return the size of a structure (t ype) member in bytes.

Néo otnv €kdoon 3.6.
Py_MIN (Xx,y)
Return the minimum value between x and y.

Néo omnv ékdoom 3.3.

Py_NO_INLINE

Disable inlining on a function. For example, it reduces the C stack consumption: useful on LTO+PGO builds which
heavily inline code (see bpo-33720).

Usage:

[Py_NO_INLINE static int random(void) { return 4; }

Néo otv éxdoon 3.11.

Py STRINGIFY (X)
Convert x to a C string. E.g. Py_ STRINGIFY (123) returns "123".
Néo oty éxdoon 3.4.

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.

Néo oty éxdoon 3.7.
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; }.

Néo oty éxdoon 3.4.

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.

Example:

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

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

(ouvéyela otV emtduevVn oekida)

6 Kegahaio 1. Introduction
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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.

Example:

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 Objects, Types and Reference Counts

Most Python/C API functions have one or more arguments as well as a return value of type PyOb ject*. This type is a
pointer to an opaque data type representing an arbitrary Python object. Since all Python object types are treated the same
way by the Python language in most situations (e.g., assighments, 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 PyObject, 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.

All Python objects (even Python integers) have a type and a reference count. An object’s type determines what kind of
object it is (e.g., an integer, a list, or a user-defined function; there are many more as explained in types). For each of the
well-known types there is a macro to check whether an object is of that type; for instance, PyList_Check (a) is true
if (and only if) the object pointed to by a is a Python list.

1.4.1 Reference Counts

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 sfrong 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 the last strong reference to an object is
released (i.e. its reference count becomes zero), the object is deallocated. If it contains references to other objects, those
references are released. Those other objects may be deallocated in turn, if there are no more references to them, 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_ INCREF () to take a
new reference to an object (i.e. increment its reference count by one), and Py DECREF () to release that reference
(i.e. decrement the reference count 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
releasing references 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 hold a strong reference (i.e. increment the 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
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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 take a new strong reference (i.e. 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 taking a new reference.
Some other operation might conceivably remove the object from the list, releasing that reference, and possibly deallocating
it. The real danger is that innocent-looking operations may invoke arbitrary Python code which could do this; there is a
code path which allows control to flow back to the user from a Py_ DECREF (), so almost any operation is potentially
dangerous.

A safe approach is to always use the generic operations (functions whose name begins with PyObject_, PyNumber_,
PySequence_ or PyMapping_). These operations always create a new strong reference (i.e. 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
releasing 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 (1L));

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_SetItem (). When
you want to keep using an object although the reference to it will be stolen, use Py_ TNCREF () to grab another reference
before calling the reference-stealing function.

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

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

However, in practice, you will rarely use these ways of creating and populating a tuple or list. There’s a generic function,
Py_BuildValue (), that can create most common objects from C values, directed by a format string. For example,
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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_BuildValue (" (iis)", 1, 2, "three");
list = Py_BuildValue (" [iis]", 1, 2, "three");

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

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

Py_ssize_t i, n;

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

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

n = PyList_Size(list);
if (n < 0)
return -1; /* Not a list */

(ouvéyela otV emtduevVn oekida)

1.4. Objects, Types and Reference Counts 9




The Python/C API, Anpooicuon 3.11.13

(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
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;

}

return total;

long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)
return -1; /* Has no length */
for (i = 0; i < n; i++) {
item = PySequence_GetItem(sequence, 1i);
if (item == NULL)
return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {
value = PyLong_AsLong (item);
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += value;

}
else {

Py_DECREF (item); /* Discard reference ownership */
}

}

return total;

1.4.2 Types

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.

type Py_ssize_t
Mépog tov Z100ep6 ABL A signed integral type such that sizeof (Py_ssize_t) == sizeof (size_t).

C99 doesn’t define such a thing directly (size_t is an unsigned integral type). See PEP 353 for details.
PY_SSIZE_T_MAX is the largest positive value of type Py_ssize_ t.
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1.5 Exceptions

The Python programmer only needs to deal with exceptions if specific error handling is required; unhandled exceptions
are automatically propagated to the caller, then to the caller’s caller, and so on, until they reach the top-level interpreter,
where they are reported to the user accompanied by a stack traceback.

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

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

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

Note that starting with Python 1.5, the preferred, thread-safe way to access the exception state from Python code is to call
the function sys.exc_info (), which returns the per-thread exception state for Python code. Also, the semantics of
both ways to access the exception state have changed so that a function which catches an exception will save and restore
its thread’s exception state so as to preserve the exception state of its caller. This prevents common 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 not 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;

(ouvéyela otV emtduevVn oekida)
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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;

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 Embedding 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_Initialize () doesnotsetthe «scriptargument list» (sys . argv). If this variable is needed by Python code that
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will be executed later, setting PyConfig.argvand PyConfig.parse_argv mustbe set: see Python Initialization
Configuration.

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
toPy_Initialize ())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 Debugging Builds

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.

Py DEBUG

Compiling the interpreter with the Py_DEBUG macro defined produces what is generally meant by a debug build of
Python. Py_DEBUG is enabled in the Unix build by adding ——with-pydebugtothe . /configure command. It is
also implied by the presence of the not-Python-specific _ DEBUG macro. When Py_ DEBUG is enabled in the Unix build,
compiler optimization is disabled.

In addition to the reference count debugging described below, extra checks are performed, see Python Debug Build.

Defining Py_TRACE_REF'S enables reference tracing (see the configure --with-trace-refs option).
When defined, a circular doubly linked list of active objects is maintained by adding two extra fields to every PyOb ject.
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.)

Please refer to Misc/SpecialBuilds.txt in the Python source distribution for more detailed information.
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C API Stability

Python’s C API is covered by the Backwards Compatibility Policy, PEP 387. While the C API will change with every
minor release (e.g. from 3.9 to 3.10), most changes will be source-compatible, typically by only adding new API. Changing
existing API or removing API is only done after a deprecation period or to fix serious issues.

CPython’s Application Binary Interface (ABI) is forward- and backwards-compatible across a minor release (if these are
compiled the same way; see Platform Considerations below). So, code compiled for Python 3.10.0 will work on 3.10.8
and vice versa, but will need to be compiled separately for 3.9.x and 3.11.x.

Names prefixed by an underscore, suchas _Py_InternalState, are private API that can change without notice even
in patch releases.

2.1 Stable Application Binary Interface

For simplicity, this document talks about extensions, but the Limited API and Stable ABI work the same way for all uses
of the API - for example, embedding Python.

2.1.1 Limited C API

Python 3.2 introduced the Limited API, a subset of Python’s C API. Extensions that only use the Limited API can be
compiled once and work with multiple versions of Python. Contents of the Limited API are /isted below.

Py LIMITED_API
Define this macro before including Python.h to opt in to only use the Limited API, and to select the Limited
APT version.

Define Py_LIMITED_APT to the value of PY_VERSTON_HEX corresponding to the lowest Python version your
extension supports. The extension will work without recompilation with all Python 3 releases from the specified
one onward, and can use Limited API introduced up to that version.

Rather than using the PY_VERSION_HEX macro directly, hardcode a minimum minor version (e.g.
0x030A0000 for Python 3.10) for stability when compiling with future Python versions.
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You can also define Py_ LIMITED_APT to 3. This works the same as 0x03020000 (Python 3.2, the version
that introduced Limited API).

2.1.2 Stable ABI

To enable this, Python provides a Stable ABI: a set of symbols that will remain compatible across Python 3.x versions.

The Stable ABI contains symbols exposed in the Limited API, but also other ones — for example, functions necessary to
support older versions of the Limited API.

On Windows, extensions that use the Stable ABI should be linked against python3.d11 rather than a version-specific
library such as python39.d11.

On some platforms, Python will look for and load shared library files named with the abi 3 tag (e.g. mymodule.abi3.
so). It does not check if such extensions conform to a Stable ABI. The user (or their packaging tools) need to ensure that,
for example, extensions built with the 3.10+ Limited API are not installed for lower versions of Python.

All functions in the Stable ABI are present as functions in Python’s shared library, not solely as macros. This makes them
usable from languages that don’t use the C preprocessor.

2.1.3 Limited API Scope and Performance

The goal for the Limited API is to allow everything that is possible with the full C API, but possibly with a performance
penalty.

For example, while PyList_GetItem () isavailable, its “unsafe” macro variant PyList_GET_ITEM () isnot. The
macro can be faster because it can rely on version-specific implementation details of the list object.

Without Py _LIMITED_API defined, some C API functions are inlined or replaced by macros. Defining
Py_LIMITED_APT disables this inlining, allowing stability as Python’s data structures are improved, but possibly
reducing performance.

By leaving out the Py_LIMITED_APTI definition, it is possible to compile a Limited API extension with a version-
specific ABI. This can improve performance for that Python version, but will limit compatibility. Compiling with
Py_LIMITED_APT will then yield an extension that can be distributed where a version-specific one is not available
- for example, for prereleases of an upcoming Python version.

2.1.4 Limited API Caveats

Note that compiling with Py_LIMITED_APT is not a complete guarantee that code conforms to the Limited API or
the Stable ABI. Py_LIMITED_APT only covers definitions, but an API also includes other issues, such as expected
semantics.

One issue that Py_ LIMITED_APT does not guard against is calling a function with arguments that are invalid in a lower
Python version. For example, consider a function that starts accepting NULL for an argument. In Python 3.9, NULL now
selects a default behavior, but in Python 3.8, the argument will be used directly, causing a NULL dereference and crash.
A similar argument works for fields of structs.

Another issue is that some struct fields are currently not hidden when Py_ LIMITED_APT is defined, even though they’re
part of the Limited API.

For these reasons, we recommend testing an extension with a/l minor Python versions it supports, and preferably to build
with the lowest such version.

We also recommend reviewing documentation of all used API to check if it is explicitly part of the Limited API. Even
with Py_ LIMITED_APT defined, a few private declarations are exposed for technical reasons (or even unintentionally,
as bugs).
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Also note that the Limited API is not necessarily stable: compiling with Py_ LIMITED_APTI with Python 3.8 means
that the extension will run with Python 3.12, but it will not necessarily compile with Python 3.12. In particular, parts of
the Limited API may be deprecated and removed, provided that the Stable ABI stays stable.

2.2 Platform Considerations

ABI stability depends not only on Python, but also on the compiler used, lower-level libraries and compiler options. For
the purposes of the Stable ABI, these details define a “platform”. They usually depend on the OS type and processor
architecture

It is the responsibility of each particular distributor of Python to ensure that all Python versions on a particular platform are
built in a way that does not break the Stable ABI. This is the case with Windows and macOS releases from python.org
and many third-party distributors.

2.3 Contents of Limited API

Currently, the Limited API includes the following items:

PyAIter_ Check ()

PyArg_Parse ()

PyArg ParseTuple ()

PyArg_ParseTupleAndKeywords ()

PyArg_UnpackTuple ()

PyArg VaParse ()

PyArg VaParseTupleAndKeywords ()

PyArg ValidateKeywordArguments ()

PyBaseObject_Type

PyBool_FromLong ()

PyBool_Type

PyBuffer FillContiguousStrides ()

PyBuffer FillInfo()

PyBuffer FromContiguous ()

PyBuffer_ GetPointer ()

PyBuffer IsContiguous ()

PyBuffer Release ()

PyBuffer SizeFromFormat ()

PyBuffer_ ToContiguous ()

PyByteArrayIter_Type

PyByteArray AsString/()
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PyByteArray_Concat ()

PyByteArray_ FromObject ()

PyByteArray FromStringAndSize ()

PyByteArray_ Resize ()
PyByteArray_Size/()
PyByteArray_Type
PyBytesIter_ Type
PyBytes_AsString ()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()

PyBytes_FromString ()

PyBytes_FromStringAndSize ()

PyBytes_Repr ()
PyBytes_Size ()
PyBytes_Type
PyCFunction
PyCFunctionWithKeywords
PyCFunction_Call ()
PyCFunction_GetFlags ()
PyCFunction_GetFunction ()
PyCFunction_GetSelf ()
PyCFunction_New ()
PyCFunction_NewEx ()
PyCFunction_Type
PyCMethod_New ()
PyCalllter_ New()
PyCalllter_ Type
PyCallable_Check ()
PyCapsule_Destructor
PyCapsule_GetContext ()

PyCapsule GetDestructor ()
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e PyCapsule_GetName ()

e PyCapsule_GetPointer ()

e PyCapsule_Import ()

e PyCapsule_IsValid()

e PyCapsule_New ()

e PyCapsule_SetContext ()

e PyCapsule_SetDestructor()

e PyCapsule_SetName ()

e PyCapsule_SetPointer ()

e PyCapsule_Type

e PyClassMethodDescr_Type

e PyCodec_BackslashReplaceErrors ()
e PyCodec_Decode ()

e PyCodec_Decoder ()

e PyCodec_Encode ()

e PyCodec_Encoder ()

e PyCodec_IgnoreErrors ()

e PyCodec_IncrementalDecoder ()
e PyCodec_IncrementalEncoder ()
e PyCodec_KnownEncoding ()

e PyCodec_LookupError ()

e PyCodec_NameReplaceErrors ()
e PyCodec_Register ()

e PyCodec_RegisterError()

e PyCodec_ReplaceErrors ()

e PyCodec_StreamReader ()

e PyCodec_StreamWriter ()

e PyCodec_StrictErrors()

e PyCodec_Unregister()

e PyCodec_XMLCharRefReplaceErrors ()
e PyComplex_FromDoubles ()

e PyComplex_ImagAsDouble ()

e PyComplex_RealAsDouble ()

e PyComplex_Type

e PyDescr_NewClassMethod ()

e PyDescr_NewGetSet ()
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PyDescr_NewMember ()
PyDescr_NewMethod ()
PyDictItems_Type
PyDictIterItem_Type
PyDictIterKey_Type
PyDictIterValue_Type
PyDictKeys_Type
PyDictProxy_New ()
PyDictProxy_Type
PyDictRevIterItem Type
PyDictRevIterKey_ Type
PyDictRevIterValue_Type
PyDictValues_Type
PyDict_Clear()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem()
PyDict_DelltemString()
PyDict_GetItem()
PyDict_GetItemString()
PyDict_GetItemWithError ()
PyDict_Items ()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeqgZ2 ()
PyDict_New ()
PyDict_Next ()
PyDict_SetItem()
PyDict_SetItemString/()
PyDict_Size ()
PyDict_Type
PyDict_Update ()
PyDict_Values ()
PyEllipsis_Type
PyEnum_Type

PyErr BadArgument ()
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e PyErr BadInternalCall /()

e PyErr CheckSignals ()

e PyErr Clear()

e PyErr Display ()

e PyErr ExceptionMatches ()

e PyErr Fetch/()

e PyErr Format ()

e PyErr_ FormatV ()

e PyErr GetExcInfo()

e PyErr GetHandledException ()

e PyErr GivenExceptionMatches ()

e PyErr NewException ()

e PyErr NewExceptionWithDoc ()

e PyErr NoMemory ()

e PyErr NormalizeException ()

e PyErr Occurred()

e PyErr Print ()

e PyErr PrintEx()

e PyErr_ProgramText ()

e PyErr ResourceWarning()

e PyErr Restore()

e PyErr SetExcFromWindowsErr ()

e PyErr SetExcFromWindowsErrWithFilename ()
e PyErr SetExcFromWindowsErrWithFilenameObject ()
e PyErr SetExcFromWindowsErrWithFilenameObjects ()
e PyErr SetExcInfo ()

e PyErr SetFromErrno ()

e PyErr SetFromErrnoWithFilename ()

e PyErr SetFromErrnoWithFilenameObject ()
e PyErr SetFromErrnoWithFilenameObjects ()
e PyErr SetFromWindowsErr ()

e PyErr SetFromWindowsErrWithFilename ()

e PyErr SetHandledException ()

e PyErr SetImportError ()

e PyErr SetImportErrorSubclass ()

e PyErr SetInterrupt ()
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e PyErr_SetInterruptEx()
e PyErr SetNone ()

e PyErr SetObject ()

e PyErr SetString()

e PyErr SyntaxLocation ()
e PyErr SyntaxLocationEx ()
e PyErr WarnEx ()

e PyErr WarnExplicit ()

e PyErr WarnFormat ()

e PyErr WriteUnraisable ()
e PyEval_AcquireLock ()

e PyEval AcquireThread/()
e PyEval CallFunction ()

e PyEval_CallMethod()

e PyEval_CallObjectWithKeywords ()
e PyEval EvalCode ()

e PyEval_FEvalCodeEx ()

e PyEval_ EvalFrame ()

e PyEval_FEvalFrameEx ()

e PyEval GetBuiltins ()

e PyEval GetFrame ()

e PyEval_GetFuncDesc ()

e PyEval_ GetFuncName ()

e PyEval GetGlobals ()

e PyEval_ GetLocals ()

e PyEval_InitThreads ()

e PyEval_ReleaseLock ()

e PyEval ReleaseThread/()
e PyEval_ RestoreThread()
e PyEval_SaveThread()

e PyEval ThreadsInitialized()
e PyExc_ArithmeticError

e PyExc_AssertionError

e PyExc_AttributeError

e PyExc_BaseException

e PyExc_BaseExceptionGroup
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e PyExc_BlockingIOError

e PyExc_BrokenPipeError

e PyExc_BufferError

e PyExc_BytesWarning

e PyExc_ChildProcessError

e PyExc_ConnectionAbortedError
e PyExc_ConnectionError

e PyExc_ConnectionRefusedError
e PyExc_ConnectionResetError
e PyExc_DeprecationWarning
e PyExc_EOFError

e PyExc_EncodingWarning

e PyExc_EnvironmentError

e PyExc_Exception

e PyExc_FileExistsError

e PyExc_FileNotFoundError

e PyExc_FloatingPointError
e PyExc_FutureWarning

e PyExc_GeneratorExit

e PyExc_IOError

e PyExc_TImportError

e PyExc_TImportWarning

e PyExc_IndentationError

e PyExc_IndexError

e PyExc_InterruptedError

e PyExc_TIsADirectoryError

e PyExc_KeyError

¢ PyExc_KeyboardInterrupt

e PyExc_LookupError

e PyExc_MemoryError

¢ PyExc_ModuleNotFoundError
e PyExc_NameError

e PyExc_NotADirectoryError
e PyExc_NotImplementedError
e PyExc_OSError

e PyExc_OverflowError
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PyExc_PendingDeprecationWarning

PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsynclteration
PyExc_StopIteration
PyExc_SyntaxError
PyExc_SyntaxWarning
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateError
PyExc_UnicodeWarning
PyExc_UserWarning
PyExc_ValueError
PyExc_Warning
PyExc_WindowsError
PyExc_ZeroDivisionError
PyExceptionClass_Name ()
PyException_GetCause ()
PyException_GetContext ()
PyException_GetTraceback ()
PyException_SetCause ()
PyException_SetContext ()
PyException_SetTraceback ()

PyFile_ FromFd/()
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e PyFile GetLine()

e PyFile WriteObject ()

e PyFile WriteString/()

e PyFilter_ Type

e PyFloat_AsDouble ()

e PyFloat_FromDouble ()

e PyFloat_FromString /()

e PyFloat_GetInfo()

e PyFloat_GetMax ()

e PyFloat_GetMin ()

e PyFloat_Type

e PyFrameObject

e PyFrame_GetCode ()

e PyFrame_GetLineNumber ()

e PyFrozenSet_New ()

e PyFrozenSet_Type

e PyGC_Collect ()

e PyGC_Disable ()

e PyGC_Enable ()

e PyGC_IsEnabled()

e PyGILState_Ensure ()

e PyGILState_GetThisThreadState ()
e PyGILState_Release()

e PyGILState_ STATE

e PyGetSetDef

e PyGetSetDescr_Type

e PyImport_AddModule ()

e PyImport_AddModuleObject ()
e PyImport_AppendInittab ()

e PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()
e PyImport_ExecCodeModuleObject ()
e PyImport_ExecCodeModuleWithPathnames ()
e PyImport_GetImporter ()

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTaqg ()
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PyImport_GetModule ()
PyImport_GetModuleDict ()
PyImport_Import ()
PyImport_ImportFrozenModule ()
PyImport_ImportFrozenModuleObject ()
PyImport_ImportModule ()
PyImport_ImportModuleLevel ()
PyImport_ImportModuleLevelObject ()
PyImport__ImportModuleNoBlock ()
PyImport_ReloadModule ()
PyIndex_Check ()
PyInterpreterState
PyInterpreterState_Clear ()
PyInterpreterState_Delete ()
PyInterpreterState_Get ()
PyInterpreterState_GetDict ()
PyInterpreterState_GetID()
PyInterpreterState_New ()
PyIter_Check ()

PyIter_Next ()

PyIter_Send()

PyListIter_ Type
PyListRevIter_Type
PyList_Append()
PyList_AsTuple ()
PyList_GetItem()
PyList_GetSlice ()
PyList_Insert ()

PyList_New()

PyList_Reverse ()
PyList_SetItem()
PyList_SetSlice()
PyList_Size()

PyList_Sort ()

PyList_Type

PyLongObject
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¢ PyLongRangeIter_Type

e PyLong AsDouble ()

e PyLong_AsLong()

e PylLong AsLongAndOverflow ()
e PyLong_AsLongLong ()

e PyLong AsLongLongAndOverflow ()
e PyLong AsSize_t ()

e PyLong_AsSsize_t ()

e PyLong_AsUnsignedLong ()

e PyLong AsUnsignedLongLong ()
e PyLong_AsUnsignedLongLongMask ()
e PyLong AsUnsignedLongMask ()
e PyLong _AsVoidPtr ()

e PyLong_ FromDouble ()

e PylLong_ FromLong()

e PyLong_FromLongLong ()

e PyLong FromSize_ t ()

e PyLong _FromSsize_ t ()

e PyLong_FromString/()

e PyLong_FromUnsignedLong ()

e PyLong FromUnsignedLongLong ()
e PyLong_FromVoidPtr ()

e PyLong_GetInfo ()

e PyLong Type

e PyMap_Type

e PyMapping_ Check ()

e PyMapping_GetItemString()

e PyMapping_HasKey ()

e PyMapping HasKeyString()

e PyMapping_ Items ()

e PyMapping_Keys ()

e PyMapping_Length ()

e PyMapping SetItemString/()

e PyMapping Size ()

e PyMapping_Values ()

e PyMem Calloc()
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PyMem Free /()
PyMem_Malloc ()

PyMem Realloc ()
PyMemberDef
PyMemberDescr_Type
PyMemoryView_FromBuffer ()
PyMemoryView_FromMemory ()
PyMemoryView_FromObject ()
PyMemoryView_GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef
PyModuleDef_Base
PyModuleDef Init ()
PyModuleDef_Type
PyModule_AddFunctions ()
PyModule_AddIntConstant ()
PyModule_ AddObject ()
PyModule_AddObjectRef ()
PyModule_AddStringConstant ()
PyModule_AddType ()
PyModule_ Createl2 ()
PyModule_ ExecDef ()
PyModule_FromDefAndSpecZ2 ()
PyModule_ GetDef ()
PyModule_GetDict ()
PyModule_GetFilename ()
PyModule_GetFilenameObject ()
PyModule_ GetName ()
PyModule_GetNameObject ()
PyModule_GetState ()
PyModule_New ()
PyModule_NewObject ()
PyModule_SetDocString ()

PyModule_Type
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e PyNumber_ Absolute ()

e PyNumber_ Add ()

e PyNumber_ And()

e PyNumber AsSsize_t ()

e PyNumber_Check ()

e PyNumber_ Divmod ()

e PyNumber_ Float ()

e PyNumber_ FloorDivide ()

e PyNumber_InPlaceAdd /()

e PyNumber_InPlaceAnd /()

e PyNumber_ InPlaceFloorDivide ()
e PyNumber_InPlaceLshift ()

e PyNumber_InPlaceMatrixMultiply ()
e PyNumber_InPlaceMultiply ()
e PyNumber_ InPlaceOr ()

e PyNumber_InPlacePower ()

e PyNumber_InPlaceRemainder ()
e PyNumber_InPlaceRshift ()

e PyNumber_ InPlaceSubtract ()
e PyNumber_InPlaceTrueDivide ()
e PyNumber_InPlaceXor ()

e PyNumber_Index ()

e PyNumber_Invert ()

e PyNumber_Long ()

e PyNumber_Lshift ()

e PyNumber MatrixMultiply ()

e PyNumber_Multiply ()

e PyNumber_ Negative ()

e PyNumber_Or ()

e PyNumber_ Positive ()

e PyNumber_ Power ()

e PyNumber_Remainder ()

e PyNumber_ Rshift ()

e PyNumber_Subtract ()

e PyNumber_ToBase ()

e PyNumber_ TrueDivide ()
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PyNumber_Xor ()
PyOS_AfterFork ()
PyOS_AfterFork Child()
PyOS_AfterFork_Parent ()
PyOS_BeforeFork ()
PyOS_CheckStack ()
PyOS_FSPath ()
PyOS_InputHook
PyOS_InterruptOccurred()
PyOS_double_to_string()
PyOS _getsig()
PyOS_mystricmp ()
PyOS_mystrnicmp ()
PyOS_setsig()
PyOS_sighandler_t
PyOS_snprintf ()
PyOS_string to_double ()
PyOS_strtol ()
PyOS_strtoul ()
PyOS_vsnprintf ()
PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()

PyObject_AsCharBuffer ()

PyObject_AsFileDescriptor ()

PyObject_AsReadBuffer ()
PyObject_AsWriteBuffer()
PyObject_Bytes ()
PyObject_Call /()

PyObject_CallFunction ()

PyObject_CallFunctionObjArgs ()

PyObject_CallMethod ()

PyObject_CallMethodObjArgs ()

PyObject_CallNoArgs ()

PyObject_CallObject ()
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PyObject_Calloc ()
PyObject_CheckBuffer ()
PyObject_CheckReadBuffer ()
PyObject_ClearWeakRefs ()
PyObject_CopyData ()
PyObject_DelItem/()
PyObject_DelltemString()
PyObject_Dir ()
PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC_UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr()
PyObject_GenericSetDict ()
PyObject_GetAIter()
PyObject_GetAttr()
PyObject_GetAttrString/()
PyObject_GetBuffer ()
PyObject_GetItem/()
PyObject_GetIter()
PyObject_HasAttr ()
PyObject_HasAttrString()

PyObject_Hash ()

PyObject_HashNotImplemented ()

PyObject_Init ()
PyObject_InitVar/()
PyObject_IsInstance()
PyObject_IsSubclass ()
PyObject_IsTrue ()
PyObject_Length ()
PyObject_Malloc ()
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PyObject_Not ()
PyObject_Realloc ()
PyObject_Repr()
PyObject_RichCompare ()
PyObject_RichCompareBool ()
PyObject_SelflIter ()
PyObject_SetAttr()
PyObject_SetAttrString/()
PyObject_SetItem()
PyObject_Size ()
PyObject_Str()
PyObject_Type ()
PyProperty_ Type
PyRangelIter_Type
PyRange_Type
PyReversed_Type
PySeqgIter_New()
PySeqlter Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()
PySequence_DelItem()
PySequence_DelSlice ()
PySequence_Fast ()
PySequence_GetItem()
PySequence_GetSlice ()
PySequence_In()
PySequence_InPlaceConcat ()
PySequence_InPlaceRepeat ()
PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()

PySequence_SetSlice ()
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e PySequence_Size ()

e PySequence_Tuple ()

e PySetIter_Type

e PySet_Add()

e PySet_Clear()

e PySet_Contains()

e PySet_Discard()

e PySet_New()

e PySet_Pop ()

e PySet_Size()

e PySet_Type

e PySlice_AdjustIndices()

e PySlice_GetIndices ()

e PySlice _GetIndicesEx()

e PySlice_New/()

e PySlice_ Type

e PySlice _Unpack/()

e PyState_AddModule ()

e PyState_FindModule ()

e PyState_RemoveModule ()

e PyStructSequence_Desc

e PyStructSequence_Field

e PyStructSequence_GetItem()
e PyStructSequence_New ()

e PyStructSequence_NewType ()
e PyStructSequence_SetItem()
e PyStructSequence_UnnamedField
e PySuper_Type

e PySys_AddWarnOption ()

e PySys_AddWarnOptionUnicode ()
e PySys_AddXOption ()

e PySys_FormatStderr ()

e PySys_FormatStdout ()

e PySys_GetObject ()

e PySys_GetXOptions ()

e PySys_HasWarnOptions ()
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PySys_ResetWarnOptions ()
PySys_SetArgv()
PySys_SetArgvEx ()
PySys_SetObject ()
PySys_SetPath ()
PySys_WriteStderr ()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear ()
PyThreadState_Delete()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame ()
PyThreadState_GetID ()
PyThreadState_GetInterpreter ()
PyThreadState_New ()
PyThreadState_SetAsyncExc ()
PyThreadState_Swap ()
PyThread_GetInfo ()

PyThread ReInitTLS ()
PyThread_acquire_lock ()
PyThread_acquire_lock_timed()
PyThread_allocate_lock ()
PyThread _create_key ()
PyThread_delete_key ()
PyThread delete_key_value/()
PyThread _exit_thread()
PyThread_free_lock ()
PyThread_get_key_value ()
PyThread_get_stacksize ()
PyThread_get_thread_ident ()
PyThread_get_thread native_id()
PyThread_init_thread()
PyThread_release_lock ()
PyThread_set_key_value ()

PyThread_set_stacksize ()
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e PyThread_start_new_thread()
e PyThread_tss_alloc()

e PyThread_ tss_create()

e PyThread_ tss_delete()

e PyThread_tss_free()

e PyThread_tss_get ()

e PyThread tss_1is_created()
e PyThread_tss_set ()

e PyTraceBack_Here ()

e PyTraceBack_Print ()

e PyTraceBack_Type

e PyTuplelIter_Type

e PyTuple_GetItem()

e PyTuple GetSlice ()

e PyTuple New()

e PyTuple_Pack ()

e PyTuple_SetItem()

e PyTuple_Size ()

e PyTuple_Type

e PyTypeObject

e PyType ClearCache ()

e PyType_FromModuleAndSpec ()
e PyType_FromSpec()

e PyType_ FromSpecWithBases ()
e PyType_GenericAlloc ()

e PyType_GenericNew ()

e PyType GetFlags ()

e PyType GetModule ()

e PyType_GetModuleState ()

e PyType_GetName ()

e PyType_GetQualName ()

e PyType_GetSlot ()

e PyType_IsSubtype ()

e PyType Modified()

e PyType_ Ready ()

e PyType_Slot
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PyType_Spec

PyType_Type
PyUnicodeDecodeError_Create ()
PyUnicodeDecodeError_GetEncoding ()
PyUnicodeDecodeError_GetEnd/()
PyUnicodeDecodeError_GetObject ()
PyUnicodeDecodeError._GetReason ()
PyUnicodeDecodeError_GetStart ()
PyUnicodeDecodeError_SetEnd()
PyUnicodeDecodeError_SetReason ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd ()
PyUnicodeEncodeError_GetObject ()
PyUnicodeEncodeError_GetReason ()
PyUnicodeEncodeError_GetStart ()
PyUnicodeEncodeError_SetEnd()
PyUnicodeEncodeError_SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodelIter_Type
PyUnicodeTranslateError_GetEnd()
PyUnicodeTranslateError_GetObject ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()
PyUnicode_ AsASCIIString()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()

PyUnicode_AsEncodedUnicode ()
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e PyUnicode_AsLatinlString/()

e PyUnicode_AsMBCSString()

e PyUnicode_AsRawUnicodeEscapeString ()
e PyUnicode_AsUCS4 ()

e PyUnicode_AsUCS4Copy ()

e PyUnicode_AsUTF16String()

e PyUnicode_AsUTF32String()

e PyUnicode AsUTF8AndSize ()

e PyUnicode_AsUTF8String()

e PyUnicode_AsUnicodeEscapeString()
e PyUnicode_AsWideChar ()

e PyUnicode_AsWideCharString ()

e PyUnicode_BuildEncodingMap ()

e PyUnicode_Compare ()

e PyUnicode_CompareWithASCIIString()
e PyUnicode_Concat ()

e PyUnicode_Contains ()

e PyUnicode_Count ()

e PyUnicode_Decode ()

e PyUnicode_DecodeASCII ()

e PyUnicode_DecodeCharmap ()

e PyUnicode_DecodeCodePageStateful ()
e PyUnicode_DecodeFSDefault ()

e PyUnicode_DecodeFSDefaultAndSize ()
e PyUnicode_DecodeLatinl ()

e PyUnicode_DecodeLocale ()

e PyUnicode_DecodeLocaleAndSize ()

e PyUnicode_DecodeMBCS ()

e PyUnicode_DecodeMBCSStateful ()

e PyUnicode_DecodeRawUnicodeEscape ()
e PyUnicode_DecodeUTF16 ()

e PyUnicode_DecodeUTFlé6Stateful ()

e PyUnicode_DecodeUTF32 ()

e PyUnicode_DecodeUTF32Stateful ()

e PyUnicode_DecodeUTFE7 ()

e PyUnicode_DecodeUTF7Stateful ()
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PyUnicode_DecodeUTFS8 ()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_EncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter ()
PyUnicode_FSDecoder ()
PyUnicode_Find/()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_ FromFormat ()
PyUnicode_FromFormatV ()
PyUnicode_FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding ()
PyUnicode_GetLength ()
PyUnicode_GetSize ()
PyUnicode_InternFromString()
PyUnicode_InternImmortal ()
PyUnicode_InternInPlace ()
PyUnicode_IsIdentifier ()
PyUnicode_Join ()
PyUnicode_Partition ()
PyUnicode_RPartition ()
PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace ()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()

PyUnicode_Splitlines()
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e PyUnicode_Substring()
e PyUnicode_Tailmatch ()
e PyUnicode_Translate ()
e PyUnicode_Type

e PyUnicode_WriteChar ()
e PyVarObject

e PyVarObject.ob_base

e PyVarObject.ob_size

s PyWeakReference

e PyWeakref GetObject ()
e PyWeakref NewProxy ()

e PyWeakref NewRef ()

e PyWrapperDescr_Type

e PyWrapper_New ()

e PyZip_Type

e Py _AddPendingCall ()

e Py AtExit ()

e Py BEGIN_ALLOW_THREADS
e Py BLOCK_THREADS

e Py BuildValue ()

e Py _BytesMain ()

e Py CompileString/()

e Py _DecRef ()

e Py _DecodeLocale ()

e Py END ALLOW_THREADS

e Py EncodeLocale ()

e Py EndInterpreter()

e Py _EnterRecursiveCall ()
e Py Exit ()

e Py FatalError()

e Py FileSystemDefaultEncodeErrors
e Py FileSystemDefaultEncoding
e Py Finalize()

e Py FinalizeEx()

e Py GenericAlias ()

e Py GenericAliasType
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Py_GetBuildInfo ()

Py _GetCompiler ()

Py _GetCopyright ()
Py_GetExecPrefix()
Py_GetPath ()
Py_GetPlatform()
Py_GetPrefix()
Py_GetProgramFullPath ()
Py _GetProgramName ()
Py GetPythonHome ()
Py_GetRecursionlLimit ()

Py_GetVersion ()

Py_HasFileSystemDefaultEncoding

Py IncRef ()

Py Initialize()

Py InitializeEx()
Py_Is()

Py IsFalse()
Py_IsInitialized()
Py_IsNone ()
Py_IsTrue ()
Py_LeaveRecursiveCall ()
Py_Main/()
Py_MakePendingCalls ()
Py _NewInterpreter()
Py_NewRef ()
Py_ReprEnter ()

Py ReprLeave ()
Py_SetPath()
Py_SetProgramName ()
Py SetPythonHome ()
Py_SetRecursionLimit ()
Py _UCS4
Py_UNBLOCK_THREADS
Py_UTF8Mode

Py_VaBuildValue ()
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e Py _Version

e Py XNewRef ()
e Py buffer

e Py_intptr_t

e Py ssize_t

e Py_uintptr_t
e allocfunc

e binaryfunc

e descrgetfunc
e descrsetfunc
e destructor

e getattrfunc

e getattrofunc
e getiterfunc

e getter

e hashfunc

e initproc

e inquiry

e iternextfunc
e lenfunc

e newfunc

e Objobjargproc
e Objobjproc

e reprfunc

e richcmpfunc

e setattrfunc

e setattrofunc
e setter

e ssizeargfunc
e ssizeobjargproc
e ssizessizeargfunc
e ssizessizeobjargproc
e symtable

e ternaryfunc

e traverseproc

e unaryfunc
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e Visitproc

42 Kegahaio 2. C API Stability



KEGANAIO 3

The Very High Level Layer

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

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

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

int Py_Main (int argc, wchar_t **argv)

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

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

int Py_BytesMain (int argc, char **argv)
Mépog tov Zt00epd ABI amd v ékdoon 3.8. Similar to Py_Main () but argv is an array of bytes strings.
Néo otnv ¢kdoon 3.8.

int PyRun_AnyFile (FILE *fp, const char *filename)

This is a simplified interface to PyRun_AnyFileExFlags () below, leaving closeit set to 0 and flags set to
NULL.

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

43



The Python/C API, Anpooicuon 3.11.13

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_TnteractiveLoop (), otherwise return the result of PyRun_SimpleFile ().
filename is decoded from the filesystem encoding (sys.getfilesystemencoding()). If filename
is NULL, this function uses "?27?2?" as the filename. If closeit is true, the file is closed before
PyRun_SimpleFileExFlags () returns.

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 0 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 filesystem encoding and error handler.
If closeit is true, the file is closed before PyRun_SimpleFileExFlags () returns.

Ynueimon: 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_TInteractiveOneFlags () 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.ps?2. filename is decoded from the filesystem encoding and
error handler.

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 and error handler.
Returns 0 at EOF or a negative number upon failure.
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int (*PyOS_InputHook)(void)
Mépog tov Zta.0epd ABI. Can be set to point to a function with the prototype int func (void) . The function
will be called when Python’s interpreter prompt is about to become idle and wait for user input from the terminal.
The return value is ignored. Overriding this hook can be used to integrate the interpreter’s prompt with other event
loops, as done in the Modules/_tkinter. c in the Python source code.

char *(*PyOS_ReadlineFunctionPointer)(FILE*, FILE*, const char¥)

Can be set to point to a function with the prototype char *func(FILE *stdin, FILE *stdout,
char *prompt), overriding the default function used to read a single line of input at the interpreter’s 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 readl ine module sets this hook to provide
line-editing and tab-completion features.

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

AMoEe omnv  ékdoon 3.4: The result must be allocated by PyMem RawMalloc () or
PyMem_RawRealloc (), instead of being allocated by PyMem Malloc () or PyMem Realloc ().
PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Emotoepduevn tun: New reference. This is a simplified interface to PyRun_StringFlags () below, leaving
flags set to NULL.
PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompilerFlags
*flags)
Emotoepduevn tun: New reference. Execute Python source code from st in the context specified by the objects
globals and locals with the compiler flags specified by flags. globals must be a dictionary; locals can be any object

that implements the mapping protocol. The parameter start specifies the start token that should be used to parse
the source code.

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

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

PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals, int closeit)
Emotoepduevny wun: New reference. This is a simplified interface to PyRun_FileExFlags () below, leaving
flags set to NULL.

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

PyCompilerFlags *flags)

Emotoepduevn tun: New reference. 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 *1ocals, int

closeit, PyCompilerFlags *flags)

Emotoepduevn tun: New reference. Similar to PyRun_StringFlags (), but the Python source code is read
from fp instead of an in-memory string. filename should be the name of the file, it is decoded from the filesystem
encoding and error handler. If closeit is true, the file is closed before PyRun_FileExFlags () returns.

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

Emotoepduevy wui): New reference. Mépos tov Ztalepd ABIL 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)

Emotoepduevn tiun: New reference. This is a simplified interface to Py_CompileStringExFlags () below,
with optimize set to — 1.
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PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags *flags, int
optimize)

Emotoepduevn tiun: New reference. Parse and compile the Python source code in str, returning the resulting code
object. The start token is given by start; this can be used to constrain the code which can be compiled and should
be Py_eval_input,Py_file_input,or Py_single_input. The filename specified by filename is used
to construct the code object and may appear in tracebacks or SyntaxError exception messages. This returns
NULL if the code cannot be parsed or compiled.

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

Néo otnv ¢kdoom 3.4.
PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags,
int optimize)
Emotoepduevny tur): New reference. Like Py_CompileStringObject (), but filename is a byte string
decoded from the filesystem encoding and error handler.
Néo otnv é€kdoom 3.2.
PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Emortpe@pduevy mur: New reference. Mépos tov Ztafepd ABIL This is a simplified interface to
PyEval_FEvalCodeEx (), with just the code object, and global and local variables. The other arguments are
set to NULL.
PyObject *PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *1ocals, PyObject *const *args, int
argcount, PyObject *const *kws, int kwcount, PyObject *const *defs, int
defcount, PyObject ¥*kwdefs, PyObject *closure)

Emoroepduevny tun: New reference. Mépog tov Zt00epd ABIL 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.

PyObject *PyEval_EvalFrame (PyFrameObject *f)
Emotpepduevn tur: New reference. Méoog tov Zta0epd ABI. Evaluate an execution frame. This is a simplified
interface to PyEval_EvalFrameEx (), for backward compatibility.

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)

Emotpepduevny turj: New reference. Mépog tov Zt00epd ABI. 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.

AMEe otnv ékdoon 3.4: This function now includes a debug assertion to help ensure that it does not silently
discard an active exception.
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.
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int Py_single_input

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

struct PyCompilerFlags

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

Whenever PyCompilerFlags *flagsis NULL, cf_ flags is treated as equal to O, and any modification
dueto from __ future_  import is discarded.

int cf_flags
Compiler flags.

int cf_feature_version

¢f_feature_version is the minor Python version. It should be initialized to PY_MINOR_VERSION.
The field is ignored by default, it is used if and only if PyCF_ONLY_AST flagissetin cf_flags.
AMoEe oty ¢xdoon 3.8: Added ¢f _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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Reference Counting

The macros in this section are used for managing reference counts of Python objects.

void Py_ INCREF (PyObject *0)

Indicate taking a new strong reference to object o, indicating it is in use and should not be destroyed.

This function is usually used to convert a borrowed reference to a strong reference in-place. The Py_NewRef ()

function can be used to create a new strong reference.

When done using the object, release it by calling Py DECREF ().

The object must not be NULL; if you aren’t sure that it isn’t NULL, use Py_ XINCREF ().
Do not expect this function to actually modify o in any way.

void Py_ XINCREF (PyObject *0)
Similar to Py_ TNCREF (), but the object o can be NULL, in which case this has no effect.

See also Py XNewRef ().

PyObject *Py_NewRef£ (PyObject *0)

Mépog tov Zta0epd ABI amd v ékdoon 3.10. Create a new strong reference to an object: call Py TNCREF ()

on o and return the object o.
When the strong reference is no longer needed, Py_ DECREF () should be called on it to release the reference.
The object o must not be NULL; use Py_XNewRef () if o can be NULL.

For example:

Py_INCREF (obj) ;
self->attr = obj;

can be written as:

[self—>attr = Py_NewRef (obj) ;
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See also Py TNCREF ().
Néo otmv éxdoon 3.10.

PyObject *Py_XNewRef (PyObject *0)
Mépog tov Z100epbd ABI ad v ékdoon 3.10. Similar to Py NewRe £ (), but the object o can be NULL.

If the object o is NULL, the function just returns NULL.
Néo otnv ¢kdoon 3.10.
void Py_ DECREF (PyObject *0)

Release a strong reference to object o, indicating the reference is no longer used.

Once the last strong reference is released (i.e. the object’s reference count reaches 0), the object’s type’s deallocation
function (which must not be NULL) is invoked.

This function is usually used to delete a strong reference before exiting its scope.
The object must not be NULL; if you aren’t sure that it isn’t NULL, use Py_ XDECREF ().

Do not expect this function to actually modify o in any way.

Ipozwdomoinon: The deallocation function can cause arbitrary Python code to be invoked (e.g. when a class
instance with a __del__ () method is deallocated). While exceptions in such code are not propagated, the
executed code has free access to all Python global variables. This means that any object that is reachable from
a global variable should be in a consistent state before Py DECREF () is invoked. For example, code to delete
an object from a list should copy a reference to the deleted object in a temporary variable, update the list data
structure, and then call Py_ DECREF () for the temporary variable.

void Py_ XDECREF (PyObject *0)
Similar to Py_ DECREF (), but the object o can be NULL, in which case this has no effect. The same warning from
Py_DECREF () applies here as well.

void Py_ CLEAR (PyObject *0)

Release a strong reference for object o. The object may be NULL, in which case the macro has no effect; otherwise
the effect is the same as for Py DECREF (), except that the argument is also set to NULL. The warning for
Py_DECREF () does not apply with respect to the object passed because the macro carefully uses a temporary
variable and sets the argument to NULL before releasing the reference.

Itis a good idea to use this macro whenever releasing a reference to an object that might be traversed during garbage
collection.

void Py_ IncRef (PyObject *0)
Mépoc tov Zto0epd ABIL Indicate taking a new strong reference to object o. A function version of
Py_XINCREF ().It can be used for runtime dynamic embedding of Python.

void Py_DecRef (PyObject *0)
Mépog tov Ztabepd ABL Release a strong reference to object o. A function version of Py_ XDECREF (). It can

be used for runtime dynamic embedding of Python.

The following functions or macros are only for use within the interpreter core: _Py Dealloc (),
_Py_ForgetReference (), _Py_NewReference (), as well as the global variable _Py_RefTotal.
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Exception Handling

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.

Enueiwon: 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 ()
Mépog tov Z100epd ABI. Clear the error indicator. If the error indicator is not set, there is no effect.

void PyErr_ PrintEx (int set_sys_last_vars)

Mépog tov Zta0epd ABL Print a standard traceback to sys. stderr and clear the error indicator. Unless the
error is 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 ()
Mépog tov Zt00epd ABIL. Alias for PyErr_PrintEx (1).

void PyErr_ WriteUnraisable (PyObject *obj)
Mépog tov Z100epd ABI. Call sys.unraisablehook () using the current exception and obj argument.
This utility function prints a warning message to sy s . st derr when an exception has been set but it is impossible

for the interpreter to actually raise the exception. It is used, for example, when an exception occurs 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 Raising exceptions

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 ret urn statement.

void PyErr_SetString (PyObject *type, const char *message)
Mépog tov Ztabepd ABL 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 create
a new strong reference to it (e.g. with Py_ TNCREF () ). The second argument is an error message; it is decoded
from 'ut£-8".

void PyErr_ SetObject (PyObject *type, PyObject *value)
Mépog tov Zt00epd ABL This function is similar to PyErr_SetString () but lets you specify an arbitrary
Python object for the «value» of the exception.

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)

Emotpepduevny tun: [lavrote NULL. Méoog tov Zt00epd ABL This function sets the error indicator and returns
NULL. exception should be a Python exception class. The format and subsequent parameters help format the error
message; they have the same meaning and values as in PyUnicode_FromFormat (). format is an ASCII-
encoded string.

PyObject *PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)

Emoroepduevy wui: Hdvrote NULL. Mépog tov Ztobepd ABI amdé v éxdoon 3.5. Same as
PyErr Format (), buttaking a va_1ist argument rather than a variable number of arguments.

Néo otnv ¢kdoon 3.5.
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void PyErr_SetNone (PyObject *type)
Mépog tov Zt00epd ABI. This is a shorthand for PyErr_SetObject (type, Py_None).

int PyErr_ BadArgument ()

Mépog tov Zt00ep6 ABI. 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 ()
Emotpepduevy nun: Idvrote NULL. Mépog¢ tov Ztabepd ABL  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)

Emoroepduevny nui): lldvrote NULL. Mépog tov Ztafepd ABL 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 e r rno 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)
Emoroepduevny nuun: [ldvrote NULL. Méoog tov Zta0epd ABL Similar to PyErr SetFromErrno (), with

the additional behavior that if filenameObject is not NULL, it is passed to the constructor of type as a third parameter.
In the case of OSError exception, this is used to define the £i1lename attribute of the exception instance.

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameQObject,
PyObject *filenameObject2)

Emotpepduevy nur): Iavrote NULL. Méoog tov 2to0epd ABI axd v éxdoon 3.7. Similar to
PyErr_ SetFromErrnoWithFilenameObject (), but takes a second filename object, for raising errors
when a function that takes two filenames fails.

Néo otnv ¢€kdoom 3.4.

PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)

Emotpepiuevn Tun: Ildvrote NULL. Mépog 0V >100epd ABIL Similar to
PyErr_SetFromErrnoWithFilenameObject (), but the filename is given as a C string. filename
is decoded from the filesystem encoding and error handler.

PyObject *PyErr_SetFromWindowsErr (int ierr)

Emotpepduevy rur: Ildvrote NULL. Mépog tov Ztabepd ABI on Windows amé tnv éxdoon 3.7. This is a
convenience function to raise WindowsError. If called with ierr of 0, the error code returned by a call to
GetLastError () is used instead. It calls the Win32 function FormatMessage () to retrieve the Windows
description of error code given by ierr or GetLastError (), then it constructs a tuple object whose first item is
the ierr value and whose second item is the corresponding error message (gotten from FormatMessage () ), and
then calls PyErr_SetObject (PyExc_WindowsError, object). This function always returns NULL.

Availability: Windows.
PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

Emoroepduevny wun: Illadvrore NULL. Mépog tov Ztabepd ABI on Windows and v éxkdoon 3.7. Similar to
PyErr_SetFromWindowsErr (), with an additional parameter specifying the exception type to be raised.

Availability: Windows.

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)

Emotpepduevny wur: Illdvrote NULL. Mépog tov Ztabepd ABI on Windows and v ékdoon 3.7. Similar to
PyErr SetFromWindowsErr (), withthe additional behavior that if filename is not NULL, it is decoded from
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the filesystem encoding (os . fsdecode () ) and passed to the constructor of OSError as a third parameter to
be used to define the £ilename attribute of the exception instance.

Auvailability: Windows.
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject
*filename)

Emoroepduevy wun: Illadvrore NULL. Mépog tov Ztabepd ABI on Windows and v éxdoon 3.7. Similar to
PyErr_SetExcFromWindowsErr (), with the additional behavior that if filename is not NULL, it is passed
to the constructor of OSError as a third parameter to be used to define the £i 1ename attribute of the exception
instance.

Auvailability: Windows.

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename?2)

Emotpepduevny tu): Illdvrote NULL. Mépog tov Ztabepd ABI on Windows aré v ékdoon 3.7. Similar to
PyErr SetExcFromWindowsErrWithFilenameObject (), butaccepts a second filename object.

Availability: Windows.
Néo oty éxdoon 3.4.

PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char *filename)

Emotpepduevny tui: Illdvrote NULL. Mépog tov Ztabepd ABI on Windows ard v ékdoon 3.7. Similar to
PyErr_SetFromWindowsErrWithFilename (), with an additional parameter specifying the exception
type to be raised.

Availability: Windows.
PyObject *PyErr_SetImportError (PyObject *msg, PyObject ¥name, PyObject *path)
Emortpepduevy run: Ildvrote NULL. Méoog tov 2Zt00ep6d ABI amd tyv éxdoon 3.7. 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.

Néo otnv ékdoom 3.3.

PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name, PyObject
*
path)

Emoroepduevy wur: Idvrote NULL. Mépog tov Ztobepd ABI amdé v éxdoon 3.6. Much like
PyErr_SetImportError () but this function allows for specifying a subclass of ImportError to raise.

Néo otnv ¢€kdoom 3.6.

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 exceptionisa SyntaxError.

Néo otnv ékdoom 3.4.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)

Mépog tov Zta0epd ABI and v ékdoon 3.7. Like PyErr SyntaxLocationObject (), but filenameis a
byte string decoded from the filesystem encoding and error handler.

Néo otnv é€kdoom 3.2.

void PyErr_SyntaxLocation (const char *filename, int lineno)

Mépog tov Zt00ep6 ABI. Like PyErr _SyntaxLocationEx (), but the col_offset parameter is omitted.
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void PyErr BadInternalCall ()

Mépog tov Ztabepd ABL 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)

Mépog tov Ztabepd ABL 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.

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

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.

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.

Néo otnv ¢kdoon 3.4.

int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno, const char
*module, PyObject *registry)

Mépog tov Zt00epd ABI. Similar to PyErr_WarnExplicitObject () except that message and module are
UTF-8 encoded strings, and filename is decoded from the filesystem encoding and error handler.

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)

M¢épog tov Zt00epd ABI. Function similar to PyErr_WarnEx (), butuse PyUnicode FromFormat () to
format the warning message. format is an ASCII-encoded string.

Néo otnv ékdoom 3.2.

int PyErr_ ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)

Mépog tov Z100epd ABI and v ékdoon 3.6. Function similar to PyErr WarnFormat (), but category is
ResourceWarning and it passes source to warnings.WarningMessage.

Néo otnv ¢€kdoom 3.6.
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5.4 Querying the error indicator

PyObject *PyErr_Occurred ()

Emotpepduevny tui): Borrowed reference. Méoog tov Ztafepd ABIL Test whether the error indicator is set. If
set, return the exception fype (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.

Ynueiwon: 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)

Mépoc tov Zt00epd ABL 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)

Mépog tov Zta0epd ABL Return true if the given exception matches the exception type in exc. If exc is a class
object, this also returns true when given is an instance of a subclass. If exc is a tuple, all exception types in the tuple
(and recursively in subtuples) are searched for a match.

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback )

Mépog tov Ztabepd ABI. 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.

Ynueimon: 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)

Mépog tov Ztabepd ABI. 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.)

Inueiwon: 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.
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void PyErr NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)
Mépog tov Z100ep6d ABIL 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.

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

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

PyObject *PyErr_GetHandledException (void)

Mépog tov Zta0epd ABI and v éxdoon 3.11. Retrieve the active exception instance, as would be returned by
sys.exception (). This refers to an exception that was already caught, not to an exception that was freshly
raised. Returns a new reference to the exception or NULL. Does not modify the interpreter’s exception state.

Enueiwon: 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_ SetHandledException ()
to restore or clear the exception state.

Néo oty éxdoon 3.11.

void PyErr_SetHandledException (PyObject *exc)

Mépog tov Z100epd ABI arrd v éxdoon 3.11. Set the active exception, as known from sys.exception ().
This refers to an exception that was already caught, not to an exception that was freshly raised. To clear the exception
state, pass NULL.

Enueiwon: 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_GetHandledException ()
to get the exception state.

Néo otnv éxkdoomn 3.11.

void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback )
Mépog tov Ztabepd ABI and thv éxdoan 3.7. Retrieve the old-style representation of 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. This function is kept for backwards compatibility. Prefer using PyErr GetHandledException ().

Ynueiwon: 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 () torestore or
clear the exception state.

Néo otnv ¢kdoon 3.3.

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
Mépog tov Zt00epd ABI amd thv ékdoon 3.7. 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
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references of the arguments. To clear the exception state, pass NULL for all three arguments. This function is kept
for backwards compatibility. Prefer using PyErr SetHandledException ().

Ynueimon: 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.

Néo otnv ékdoom 3.3.

AlaEe otnv ékdoom 3.11: The type and traceback arguments are no longer used and can be NULL. The
interpreter now derives them from the exception instance (the value argument). The function still steals references
of all three arguments.

5.5 Signal Handling

int PyErr CheckSignals ()

Mépog tov Zt00epd ABI. This function interacts with Python’s signal handling.

If the function is called from the main thread and under the main Python interpreter, 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.

The function attempts to handle all pending signals, and then returns 0. However, if a Python signal handler raises
an exception, the error indicator is set and the function returns —1 immediately (such that other pending signals
may not have been handled yet: they will be on the next PyErr_CheckSignals () invocation).

If the function is called from a non-main thread, or under a non-main Python interpreter, it does nothing and returns
0.

This function can be called by long-running C code that wants to be interruptible by user requests (such as by
pressing Ctrl-C).

Enueiwon: The default Python signal handler for STGINT raises the KeyboardInterrupt exception.

void PyErr_ SetInterrupt ()

Mépog tov Zt0o0epd ABIL Simulate the effect of a SIGINT signal arriving. This is equivalent to
PyErr_SetInterruptEx (SIGINT).

Inueiwon: This function is async-signal-safe. It can be called without the GIL and from a C signal handler.

int PyErr_SetInterruptEx (int signum)

Mépog tov Zt00epd ABI amd v éxdoon 3.10. Simulate the effect of a signal arriving. The next time
PyErr CheckSignals () is called, the Python signal handler for the given signal number will be called.

This function can be called by C code that sets up its own signal handling and wants Python signal handlers to be
invoked as expected when an interruption is requested (for example when the user presses Ctrl-C to interrupt an
operation).

If the given signal isn’t handled by Python (it was set to signal.SIG_DFL or signal.SIG_IGN), it will be
ignored.
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If signum is outside of the allowed range of signal numbers, -1 is returned. Otherwise, O is returned. The error
indicator is never changed by this function.

Ynueiwon: This function is async-signal-safe. It can be called without the GIL and from a C signal handler.

Néo otnv ¢xdoon 3.10.

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_£d()
in Python, but without any error checking. fd should be a valid file descriptor. The function should only be called
from the main thread.

AMoEe oty £xdoon 3.5: On Windows, the function now also supports socket handles.

5.6 Exception Classes

PyObject *PyErr_ NewException (const char *name, PyObject *base, PyObject *dict)

Emoroepduevny tun: New reference. Méoogc tov 2tafepd ABL 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 Exception (accessible in C as PyExc_Exception).

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

PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyObject *dict)

Emotoepduevn tiun: New reference. Mépog tov Zta0epd ABIL. 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.

Néo otnv ¢kdoon 3.2.

5.7 Exception Objects

PyObject *PyException_GetTraceback (PyObject *ex)
Emotpepduevn tiun: New reference. Méoog tov Ztabepd ABI. Return the traceback associated with the exception
as a new reference, as accessible from Python through the __traceback___ attribute. If there is no traceback
associated, this returns NULL.
int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Mépog tov Zt00epd ABI. Set the traceback associated with the exception to #b. Use Py_None to clear it.
PyObject *PyException_GetContext (PyObject *ex)

Emoroepduevny tut): New reference. Mépoog tov 2t00epd ABL 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 the __context___ attribute. If there is no context associated, this returns NULL.
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void PyException_SetContext (PyObject *ex, PyObject *ctx)
Mépog tov Ztabepd ABL 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)
Emotoepduevn tui): New reference. Méoog tov 2tafepd ABI. Return the cause (either an exception instance,
or None, setby raise ... from ...)associated with the exception as a new reference, as accessible from
Python through the __cause___ attribute.

void PyException_SetCause (PyObject *ex, PyObject *cause)
Mépog tov Zt00epbd ABI. 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.

The _ _suppress_context___ attribute 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)

Emotpepduevny tun: New reference. Mépog tov 2t00epd ABI. Create a UnicodeDecodeError object with
the attributes encoding, object, length, start, end and reason. encoding and reason are UTF-8 encoded strings.

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Emotpe@pduevy wun: New reference. Mépog tov 2tofepd ABI Return the encoding attribute of the given
exception object.

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
Emoroepduevn tiut: New reference. Mépog tov Ztafepd ABL 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)
Mépog tov Ztabepd ABI 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)
Mépog tov Zto0epd ABL Set the start attribute of the given exception object to start. Return O 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)

Mépog tov Zt00epd ABI. 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.
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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)
Mépog tov Zta0epd ABL 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)
Emotpepduevny tui): New reference. Mépog tov Zt00epd ABI. 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)

Mépog tov Zt00epd ABL Set the reason attribute of the given exception object to reason. Return O on success,
—1 on failure.

5.9 Recursion Control

These two functions provide a way to perform safe recursive calls at the C level, both in the core and in extension
modules. They are needed if the recursive code does not necessarily invoke Python code (which tracks its recursion depth
automatically). They are also not needed for #p_call implementations because the call protocol takes care of recursion
handling.
int Py_EnterRecursiveCall (const char *where)
Mépog tov Zt00epd ABI amd v ékdoon 3.9. 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 ().
If 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.

AMoEe oty €ékdoon 3.9: This function is now also available in the limited API.

void Py_LeaveRecursiveCall (void)
Méopog tov Zt00epd ABI amd v ékdoon 3.9. Ends a Py_EnterRecursiveCall (). Must be called once
for each successful invocation of Py_EnterRecursiveCall ().

AMoEe oty €ékdoon 3.9: 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)
Mépog tov Zt00epd ABI. Called at the beginning of the t p_ repr implementation to detect cycles.

If the object has already been processed, the function returns a positive integer. In that case the tp_repr
implementation should return a string object indicating a cycle. As examples, dict objects return { ...} and
list objectsreturn [...].
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The function will return a negative integer if the recursion limit is reached. In that case the tp_ repr
implementation should typically return NULL.

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

void Py_ReprLeave (PyObject *object)
Mépog tov Zt00epd ABL Ends a Py_ReprEnter (). Must be called once for each invocation of
Py_ReprEnter () that returns zero.

5.10 Standard Exceptions

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

C Name Python Name Notes
PyExc_BaseException BaseException !
PyExc_Exception Exception DY AR
PyExc_ArithmeticError ArithmeticError Zehida 63, 1
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError
PyExc_ChildProcessError ChildProcessError
PyExc_ConnectionAbortedEr ConnectionAbortedError
PyExc_ConnectionError ConnectionError

PyExc_ConnectionRefusedEr ConnectionRefusedError
PyExc_ConnectionResetErro 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 XVETIGEG
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedError NotImplementedError
PyExc_OSError OSError AT,
PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError

guveXela aTny eMOUevn oeAida
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Mivakag 1 - ouvexiCetal and tnv mponyoupevn oeAida

C Name Python Name Notes
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclteration StopAsynclteration
PyExc_StoplIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError

PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateErr
PyExc_ValueError
PyExc_ZeroDivisionError

UnboundLocalError
UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
ValueError
ZeroDivisionError

Néo omv éxdoon 3.3:
PyExc_ConnectionError,

PyExc_ChildProcessError,

PyExc_BlockingIOError, PyExc_BrokenPipeError,

PyExc_ConnectionAbortedError,

PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PykExc_FileExistsError,

PyExc_FileNotFoundError,
PyExc_NotADirectoryError,

PyExc_PermissionError,

PyExc_InterruptedError,

PyExc_TimeoutError were introduced following PEP 3151.

Néo oty éxdoon 3.5: PyExc_StopAsyncIteration and PyExc_RecursionError

Néo oty éxdoom 3.6: PyExc_ModuleNotFoundError

These are compatibility aliases to PyExc_OSError:

C Name Notes

PyExc_EnvironmentError
PyExc_IOError

PyExc_WindowsError

S]

AMaEe oty ékdoom 3.3: These aliases used to be separate exception types.

Notes:

! This is a base class for other standard exceptions.

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

PyExc_ProcessLookupError

PyExc_IsADirectoryError,
and

5.10. Standard Exceptions
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5.11 Standard Warning Categories

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

C Name

Python Name Notes

PyExc_Warning
PyExc_BytesWarning
PyExc_DeprecationWarning
PyExc_FutureWarning
PyExc_ImportWarning
PyExc_PendingDeprecationWarning
PyExc_ResourceWarning
PyExc_RuntimeWarning
PyExc_SyntaxWarning
PyExc_UnicodeWarning
PyExc_UserWarning

Warning 3

BytesWarning
DeprecationWarning
FutureWarning
InportWarning
PendingDeprecationWarning
ResourceWarning
RuntimeWarning
SyntaxWarning
UnicodeWarning
UserWarning

Néo oty éxdoon 3.2: PyExc_ResourceWarning

Notes:

3 This is a base class for other standard warning categories.
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Utilities

The functions in this chapter perform various utility tasks, ranging from helping C code be more portable across platforms,
using Python modules from C, and parsing function arguments and constructing Python values from C values.

6.1 Operating System Utilities

PyObject *PyOS_FSPath (PyObject *path)
Emotoepduevn tun: New reference. Mépog tov 2t00epd ABI amd v éxdoon 3.6. Return the file system
representation for path. If the object is a str or bytes object, then a new strong reference is returned. If the
object implements the os.PathLike interface, then _ fspath__ () is returned as long as it is a str or
bytes object. Otherwise TypeError is raised and NULL is returned.

Néo otnv £€kdoom 3.6.

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_InteractiveFlag 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
1227210

void PyOS_BeforeFork ()

Mépog tov Ztabepd ABI on platforms with fork() amd tnv ékdoon 3.7. 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.

IIpogdomoinon: The C fork () call should only be made from the «main» thread (of the «<main» interpreter).
The same is true for PyOS_BeforeFork ().

Néo otnv ékdoon 3.7.
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void PyOS_AfterFork_Parent ()

Mépog rov Z100ep6d ABI on platforms with fork() amd v éxdoon 3.7. 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.

IIpogdomoinon: The C fork () call should only be made from the «mnain» thread (of the «main» interpreter).
The same is true for PyOS_AfterFork_Parent ().

Néo otv ¢kdoom 3.7.
void PyOS_AfterFork_Child ()

Mépog tov Zta.0epd ABI on platforms with fork() amé tnv ékdoon 3.7. 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.

IIpoedomoinon: The C fork () call should only be made from the «main» thread (of the «main» interpreter).
The same is true for PyOS_AfterFork_Child ().

Néo otnv ékdoom 3.7.
Agite emiong:

os.register_at_fork() allows registering custom Python functions to be called by
Py0OS_BeforeFork (), PyOS_AfterFork_Parent () and PyOS _AfterFork_ _Child().
void PyOS_AfterFork ()

Mépog tov Ztabepd ABI on platforms with fork(). 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.

AmoovpOnke oty €xdoom 3.7: This function is superseded by PyOS_AfterFork_Child().

int PyOS_CheckStack ()
Mépog tov 2Zt00epd ABI on platforms with USE_STACKCHECK ané tyv éxdoon 3.7. Return true when the
interpreter runs out of stack space. This is a reliable check, but is only available when USE_STACKCHECK is
defined (currently on certain versions of Windows using the Microsoft Visual C++ compiler). USE_STACKCHECK
will be defined automatically; you should never change the definition in your own code.

typedef void (*PyOS_sighandler_t)(int)
Mépog tov Zt00epd ABL

PyOS_sighandler_t PyOS_getsig (inti)
Mépog tov Zt00epd ABL 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 PyOS_setsig (int i, PyOS_sighandler t h)
Mépog tov Zt00epd ABL Set the signal handler for signal i to be &; return the old signal handler. This is a thin
wrapper around either sigaction () or signal (). Do not call those functions directly!

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)

Mépog tov Z100epd ABI amd v ékdoon 3.7.
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IIpoeidomoinon: This function should not be called directly: use the PyConfig API with the
PyConfig_SetBytesString () function which ensures that Python is preinitialized.

This function must not be called before Python is preinitialized and so that the LC_CTYPE locale is properly
configured: see the Py PreTnitialize () function.

Decode a byte string from the filesystem encoding and error handler. If the error handler is surrogateescape error
handler, undecodable bytes are decoded as characters in range U+DC80..U+DCFF; and if a byte sequence can be
decoded as a surrogate character, the bytes are escaped using the surrogateescape error handler instead of decoding
them.

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 setto (size_t) -2 on decoding error.

The filesystem encoding and error handler are selected by PyConfig Read ():see filesystem _encoding
and filesystem errors members of PyConfig.

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.
Agite gmiong:

The PyUnicode_DecodeFSDefaultAndSize () and PyUnicode_DecodeLocaleAndSize ()
functions.

Néo otnv é€kdoom 3.5.
AMaEe oty £xdoon 3.7: The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

AMoEe omnv  éxdoon 3.8: The function now uses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlag is zero;
char *Py_EncodeLocale (const wchar_t *text, size_t *error_pos)

Mépog tov Zta0ep6 ABI amd v éxdoan 3.7. Encode a wide character string to the filesystem encoding and error
handler. If the error handler is surrogateescape error handler, surrogate characters in the range U+DC80..U+DCFF
are converted to bytes 0x80..0xFF.

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 issetto (size_t) -1 on success, or set to the index of the invalid
character on encoding error.

The filesystem encoding and error handler are selected by PyConfig Read ():see filesystem encoding
and filesystem errors members of PyConfig.

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

IIpozidomoinon: This function must not be called before Python is preinitialized and so that the LC_CTYPE
locale is properly configured: see the Py_PreTnitialize () function.

Agite gmiong:
The PyUnicode_EncodeFSDefault () and PyUnicode_EncodeLocale () functions.

Néo otnv ¢€kdoom 3.5.
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AMEe oty £xdoon 3.7: The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

AMoEe oty ékdoon 3.8: The function now wuses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlag is zero.

6.2 System Functions

These are utility functions that make functionality from the sys module accessible to C code. They all work with the
current interpreter thread’s sy s module’s dict, which is contained in the internal thread state structure.
PyObject *PySys_GetObject (const char *name)
Emotpepduevny tiun: Borrowed reference. Mépog tov 210.0ep6 ABI 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)
Mépog tov Zta0epd ABI. 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 ()
Méopog tov Zta0epd ABI. Reset sys.warnoptions to an empty list. This function may be called prior to
Py _Initialize().
void PySys_AddWarnOption (const wchar_t *s)
Mépog tov Ztabepd ABI. This API is kept for backward compatibility: setting PyConfig.warnoptions

should be used instead, see Python Initialization Configuration.

Append sto sys .warnoptions. This function must be called priorto Py_ Tnitialize () inorder to affect
the warnings filter list.

AmoovpOnke oty éxdoon 3.11.

void PySys_AddWarnOptionUnicode (PyObject *unicode)
Mépog tov Ztabepd ABI This API is kept for backward compatibility: setting PyConfig.warnoptions
should be used instead, see Python Initialization Configuration.

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_TInitialize () to be effective, but can’t be called until enough of the
runtime has been initialized to permit the creation of Unicode objects.

AmoovVpOnke otnv £kdoon 3.11.

void PySys_SetPath (const wchar_t *path)

Mépogc tov Ztobepd ABL This API is kept for backward compatibility: setting PyConfig.
module_search_paths and PyConfig.module_search_paths_set should be used instead,
see Python Initialization Configuration.

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

AmoovpOnke oty €xdoon 3.11.

void PySys_WriteStdout (const char *format, ...)
Mépog tov Zt0.0epd ABI. Write the output string described by format to sy s . st dout. No exceptions are raised,
even if truncation occurs (see below).

Sformat 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
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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, ...)

Mépog tov Z100epd ABL. As PySys_WriteStdout (), but write to sys . stderr or stderr instead.

void PySys_FormatStdout (const char *format, ...)

Mépog tov Ztalepd ABIL Function similar to PySys_WriteStdout() but format the message using
PyUnicode_FromFormatV () and don’t truncate the message to an arbitrary length.

Néo otv ¢€kdoom 3.2.

void PySys_FormatStderr (const char *format, ...)
Mépog tov Z100epd ABL. As PySys_FormatStdout (), but write to sys . stderr or stderr instead.
Néo otv éxdoom 3.2.

void PySys_AddXOption (const wchar_t *s)

Mépog tov Zta0epd ABI axd tyv ékdoon 3.7. This API is kept for backward compatibility: setting PyConfig.
xoptions should be used instead, see Python Initialization Configuration.

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 ().

Néo otv éxdoom 3.2.
AmoovpOnke oty €kdoon 3.11.
PyObject *PySys_GetXOptions ()

Emotpepduevny tur): Borrowed reference. Mépog tov 2tabepd ABI and v ékdoon 3.7. Return the current
dictionary of —X options, similarly to sys._xoptions. On error, NULL is returned and an exception is set.

Néo otnv é€kdoom 3.2.
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.
Néo otnv ¢kdoon 3.8.

AMoEe otv éxdoon 3.8.2: 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 on 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.

The userData pointer is passed into the hook function. Since hook functions may be called from different runtimes,
this pointer should not refer directly to Python state.
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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 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.

If the interpreter is initialized, this function raises an auditing event sy s . addaudithook with no arguments. If
any existing hooks raise an exception derived from Except i on, the new hook will not be added and the exception
is cleared. As a result, callers cannot assume that their hook has been added unless they control all existing hooks.
typedef int (*Py_AuditHookFunction)(const char *event, PyObject *args, void *userData)
The type of the hook function. event is the C string event argument passed to Py Sys_Audit (). args is
guaranteed to be a PyTupleObject. userData is the argument passed to PySys_AddAuditHook().

Néo otnv ¢kdoom 3.8.

6.3 Process Control

void Py_FatalError (const char *message)

Mépog tov Zto0epd ABL 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_ LLIMITED_API macro is defined.

AMEe oty £xdoon 3.9: Log the function name automatically.

void Py_Exit (int status)

Mépog rov Zta0epd ABL 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.

AlhaEe oty ékdoon 3.6: Errors from finalization no longer ignored.

int Py_AtExit (void (*func)())

Mépog tov Zt0.0epd ABI. 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.
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6.4 Importing Modules

PyObject *PyImport_ImportModule (const char *name)
Emotoepduevy mun: New reference. Mépog tov 2tafepd ABL  This is a wrapper around
PyImport_Import () whichtakes a const char* as an argument instead of a PyObject*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)
Emotoepduevy tun: New reference. Méoog tov 2talepd ABIL This function is a deprecated alias of

PyImport_ImportModule ().

AMoEe otV £xdoon 3.3: 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)
Emotoepduevn tun: New reference. Import a module. This is best described by referring to the built-in Python

function ___import__ ().

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

Failing imports remove incomplete module objects, like with Py Tmport_ ImportModule ().
PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)

Emotpepduevny tui): New reference. Mépog tov 2t00ep6 ABI amd v ékdoon 3.7. 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.

Néo oty éxdoon 3.3.
PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals, PyObject
*fromlist, int level)

Emotoepduevny Twun: New reference. Mépog T0U Ztabepd ABL Similar to
PyImport_ImportModuleLevelObject (), but the name is a UTF-8 encoded string instead of a
Unicode object.

AMoEe ot €ékdoom 3.3: Negative values for level are no longer accepted.

PyObject *PyImport_Import (PyObject *name)
Emotpepduevny tiun: New reference. Mépog tov 2ta0epd ABI 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.

This function always uses absolute imports.
PyObject *PyImport_ReloadModule (PyObject *m)

Emotpepduevny tiun: New reference. Méoog tov Zt00gp6 ABIL 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).
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PyObject *PyImport_AddModuleObject (PyObject *name)
Emotpepduevy tun: Borrowed reference. Mépog tov 2t00ep6d ABI and v ékdoon 3.7. 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.

Ynueiwon: 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 Tmport_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.

Néo omnv ékdoom 3.3.

PyObject *PyImport_AddModule (const char *name)

Emotoepduevy  mun:  Borrowed — reference.  Mépogc  tov  Ztabepd  ABL  Similar  to
PyImport_AddModuleObject (), but the name is a UTF-8 encoded string instead of a Unicode
object.

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

Emortpepduevy tiun: New reference. Méoog tov 2t00epd ABL 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 sy s . modules in error cases, even if name was already in sys .modules
onentry to PyImport_ExecCodeModule ().Leaving incompletely initialized modules in sys .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 __1oader__ (if set) and to an instance of SourceFileLoader otherwise.

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

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

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

See also Py Import_ExecCodeModuleEx () and PyImport_ExecCodeModuleWithPathnames ().

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)

Emotoepduevy tun: New reference. Méoog tov Zta0epd ABI. Like Py Import_ExecCodeModule (), but
the _ file_ attribute of the module object is set to pathname if it is non-NULL.

See also Py Import_ExecCodeModuleWithPathnames ().
PyObject *PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, PyObject
*cpathname)

Emotoepduevy wur: New reference. Méoog tov Zt00epd ABI and v éxdoon 3.7. 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.

Néo otnv ékdoom 3.3.

PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const char
*pathname, const char *cpathname)

Emotoepduevny Tun: New reference. Mépog T0U 2100epod ABL Like
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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.

Néo otnv ¢kdoon 3.2.

AMoEe oty €ékdoom 3.3: Uses imp.source_from_cache () in calculating the source path if only the
bytecode path is provided.

long PyImport_GetMagicNumber ()
Mépog tov Zta0ep6 ABI 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.
AMoEe otnv ékdoon 3.3: Return value of —1 upon failure.

const char *PyImport_GetMagicTag ()

Mépog rov Zt00epd ABI. 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.

Néo otv éxdoom 3.2.

PyObject *PyImport_GetModuleDict ()
Emotpepduevny tiun: Borrowed reference. Mépog tov 2t0.0ep6 ABI 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)
Emotpepduevny tui): New reference. Méoog tov Z10.0ep6d ABI até tnv ékdoon 3.8. 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.

Néo otnv ékdoom 3.7.

PyObject *PyImport_GetImporter (PyObject *path)

Emotpepduevn tiun: New reference. Méoog tov 2t0.0epd ABL 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 result in
sys.path_importer_cache. Return a new reference to the finder object.

int PyImport_ImportFrozenModuleObject (PyObject ¥name)

Mépog tov Zt00epd ABI amé v ékdoon 3.7. 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 Py Import_ImportModule (). (Note the misnomer — this function would reload the
module if it was already imported.)

Néo otnv ¢kdoon 3.3.
AM0oEe oty £xdoon 3.4: The ___file_  attribute is no longer set on the module.

int PyImport_ImportFrozenModule (const char *name)
Mépog tov Zta0epd ABI Similar to PyImport_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;
bool is_package;

}i

AMoEe oty ékdoon 3.11: The new is_package field indicates whether the module is a package or not. This
replaces setting the size field to a negative value.

const struct _frozen *PyImport_FrozenModules
This pointer is initialized to point to an array of _ frozen records, terminated by one whose members are all
NULL or zero. When a frozen module is imported, it is searched in this table. Third-party code could play tricks
with this to provide a dynamically created collection of frozen modules.

int PyImport_AppendInittab (const char *name, PyObject *(*initfunc)(void))
Mépog tov Zta0epd ABIL 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. 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 consists of two members:
const char *name
The module name, as an ASCII encoded string.
PyObject *(*init func)(void)
Initialization function for a module built into the interpreter.
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 must be called before Py Tnitialize ().

If Python is initialized multiple times, PyImport_AppendInittab () or
PyImport_ExtendInittab () must be called before each Python initialization.

6.5 Data marshalling support

These routines allow C code to work with serialized objects using the same data format as the marshal module. There
are functions to write data into the serialization format, and additional functions that can be used to read the data back.
Files used to store marshalled data must be opened in binary mode.

Numeric values are stored with the least significant byte first.

The module supports two versions of the data format: version 0 is the historical version, version 1 shares interned strings
in the file, and upon unmarshalling. Version 2 uses a binary format for floating point numbers. Py_ MARSHAL_VERSION
indicates the current file format (currently 2).
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void PyMarshal_WriteLongToFile (long value, FILE *file, int version)

Marshal a 1ong integer, value, to file. This will only write the least-significant 32 bits of value; regardless of the
size of the native 1ong type. version indicates the file format.

This function can fail, in which case it sets the error indicator. Use PyErr_Occurred () to check for that.
void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)

Marshal a Python object, value, to file. version indicates the file format.

This function can fail, in which case it sets the error indicator. Use PyErr_Occurred () to check for that.
PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)

Emortoepduevn nun: New reference. Return a bytes object containing the marshalled representation of value.
version indicates the file format.

The following functions allow marshalled values to be read back in.

long PyMarshal_ReadLongFromFile (FILE *file)

Return a C 1ong from the data stream in a FILE* opened for reading. Only a 32-bit value can be read in using
this function, regardless of the native size of 1ong.

On error, sets the appropriate exception (EOFError) and returns —1.

int PyMarshal_ReadShortFromFile (FILE *file)

Return a C short from the data stream in a FILE* opened for reading. Only a 16-bit value can be read in using
this function, regardless of the native size of short.

On error, sets the appropriate exception (EOFError) and returns —1.

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Emotoepduevn tiun: New reference. Return a Python object from the data stream in a FILE * opened for reading.
On error, sets the appropriate exception (EOFError, ValueError or TypeError) and returns NULL.

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)

Emotoepduevn tiun: New reference. Return a Python object from the data stream in a FTLE * opened for reading.
Unlike PyMarshal ReadObjectFromFile (), this function assumes that no further objects will be read
from the file, allowing it to aggressively load file data into memory so that the de-serialization can operate from
data in memory rather than reading a byte at a time from the file. Only use these variant if you are certain that you
won’t be reading anything else from the file.

On error, sets the appropriate exception (EOFError, ValueError or TypeError) and returns NULL.

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)

Emotoepduevn tut: New reference. Return a Python object from the data stream in a byte buffer containing len
bytes pointed to by data.

On error, sets the appropriate exception (EOFError, ValueError or TypeError) and returns NULL.

6.6 Parsing arguments and building values

These functions are useful when creating your own extensions functions and methods. Additional information and
examples are available in extending-index.

The first three of these functions described, PyArg ParseTuple (), PyArg ParseTupleAndKeywords (),
and PyArg_ Parse (), all use format strings which are used to tell the function about the expected arguments. The
format strings use the same syntax for each of these functions.

6.6. Parsing arguments and building values 75



The Python/C API, Anpooicuon 3.11.13

6.6.1 Parsing arguments

A format string consists of zero or more «format units.» A format unit describes one Python object; it is usually a single
character or a parenthesized sequence of format units. With a few exceptions, a format unit that is not a parenthesized
sequence normally corresponds to a single address argument to these functions. In the following description, the quoted
form is the format unit; the entry in (round) parentheses is the Python object type that matches the format unit; and the
entry in [square] brackets is the type of the C variable(s) whose address should be passed.

Strings and buffers

These formats allow accessing an object as a contiguous chunk of memory. You don’t have to provide raw storage for the
returned unicode or bytes area.

Unless otherwise stated, buffers are not NUL-terminated.
There are three ways strings and buffers can be converted to C:

o Formats such as y* and s* fill a Py_buffer structure. This locks the underlying buffer so that the caller can
subsequently use the buffer even inside a Py BEGIN_ALLOW_THREADS block without the risk of mutable
data being resized or destroyed. As a result, you have to call PyBuffer Release () after you have finished
processing the data (or in any early abort case).

e The es, es#, et and et # formats allocate the result buffer. You have to call PyMem Free () after you have
finished processing the data (or in any early abort case).

o Other formats take a st r or a read-only bytes-like object, such as bytes, and provide a const char * pointer
to its buffer. In this case the buffer is «borrowed»: it is managed by the corresponding Python object, and shares
the lifetime of this object. You won’t have to release any memory yourself.

To ensure that the underlying buffer may be safely borrowed, the object’s PyBufferProcs.
bf _releasebuffer field must be NULL. This disallows common mutable objects such as bytearray, but
also some read-only objects such as memoryview of bytes.

Besides thisbf_releasebuf fer requirement, there is no check to verify whether the input object is immutable
(e.g. whether it would honor a request for a writable buffer, or whether another thread can mutate the data).

Inueiwon: For all # variants of formats (s#, y#, 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 *]
Convert a Unicode object to a C pointer to a character string. A pointer to an existing string is stored in the
character pointer variable whose address you pass. The C string is NUL-terminated. The Python string must not
contain embedded null code points; if it does, a ValueError exception is raised. Unicode objects are converted
to C strings using 'ut £-8"' encoding. If this conversion fails, a UnicodeError is raised.

Enueiwon: This format does not accept bytes-like objects. If you want to accept filesystem paths and convert them
to C character strings, it is preferable to use the O& format with PyUnicode_FSConverter () as converter.

AMoEe oty £kdoom 3.5: Previously, TypeError was raised when embedded null code points were encountered
in the Python string.

s* (str or bytes-like object) [Py_buffer]
This format accepts Unicode objects as well as bytes-like objects. It fills a Py buf fer structure provided by the
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caller. In this case the resulting C string may contain embedded NUL bytes. Unicode objects are converted to C
strings using 'ut £-8"' encoding.

s# (str, read-only byfes-like object) [const char *, Py _ssize t]
Like s*, except that it provides a borrowed buffer. The result is stored into two C variables, the first one a pointer
to a C string, the second one its length. The string may contain embedded null bytes. Unicode objects are converted
to C strings using 'ut £-8"' encoding.

z (str or None) [const char *]
Like s, but the Python object may also be None, in which case the C pointer is set to NULL.

z* (str, bytes-like object or None) [Py_buffer]
Like s*, but the Python object may also be None, in which case the buf member of the Py_buf fer structure
is set to NULL.

z# (str, read-only byfes-like object or None) [const char *, Py ssize t]
Like s#, but the Python object may also be None, in which case the C pointer is set to NULL.

y (read-only bytes-like object) [const char *]
This format converts a bytes-like object to a C pointer to a borrowed character string; it does not accept Unicode
objects. The bytes buffer must not contain embedded null bytes; if it does, a ValueError exception is raised.

AMoEe otnv €kdoon 3.5: Previously, TypeError was raised when embedded null bytes were encountered in
the bytes buffer.

y* (bytes-like object) [Py_buffer]
This variant on s* doesn’t accept Unicode objects, only bytes-like objects. This is the recommended way to
accept binary data.

y# (read-only bytes-like object) [const char *, Py _ssize t]
This variant on s# doesn’t accept Unicode objects, only bytes-like objects.

S (bytes) [PyBytesObject *]
Requires that the Python object is a byt e s object, without attempting any conversion. Raises TypeError if the
object is not a bytes object. The C variable may also be declared as PyOb ject*.

Y (bytearray) [PyByteArrayObject *]
Requires that the Python object is a byt earray object, without attempting any conversion. Raises TypeError
if the object is not a bytearray object. The C variable may also be declared as PyObject*.

u (str) [const Py_UNICODE *]
Convert a Python Unicode object to a C pointer to a NUL-terminated buffer of Unicode characters. You must pass
the address of a Py_ UNICODE pointer variable, which will be filled with the pointer to an existing Unicode buffer.
Please note that the width of a Py_ UNTCODE character depends on compilation options (it is either 16 or 32 bits).
The Python string must not contain embedded null code points; if it does, a ValueError exception is raised.

AMoEe ot £xdoon 3.5: Previously, TypeError was raised when embedded null code points were encountered
in the Python string.

Katapyhnke otnv ékdoon 3.3, Ba agaipebei oty ékdoon 3.12: Part of the old-style Py UNTCODE API;
please migrate to using PyUnicode AsWideCharString ().

u# (str) [const Py_UNICODE *, Py ssize t]
This variant on u stores into two C variables, the first one a pointer to a Unicode data buffer, the second one its
length. This variant allows null code points.

KatoapyhOnke otnv ékdoon 3.3, Oa agaipebei oty ékdoon 3.12: Part of the old-style Py UNTCODE API;
please migrate to using PyUnicode AsWideCharString ().

Z (str or None) [const Py_UNICODE *]
Like u, but the Python object may also be None, in which case the Py UNICODE pointer is set to NULL.
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Katapyhnke otnv ékdoon 3.3, Oa agaipebei oty ékdoon 3.12: Part of the old-style Py UNTCODE API;
please migrate to using PyUnicode AsWideCharString ().

Z# (str or None) [const Py_UNICODE *, Py ssize t]
Like u#, but the Python object may also be None, in which case the Py UNICODE pointer is set to NULL.

Kotapynnke omv €kdoon 3.3, Oa apapedel oty éxdoon 3.12: Part of the old-style Py UNICODE API;
please migrate to using PyUnicode AsWideCharString().

U (str) [PyObject *]
Requires that the Python object is a Unicode object, without attempting any conversion. Raises TypeError if
the object is not a Unicode object. The C variable may also be declared as PyObject*.

w* (read-write bytes-like object) [Py_buffer]
This format accepts any object which implements the read-write buffer interface. It fills a Py buffer
structure provided by the caller. The buffer may contain embedded null bytes. The caller have to call
PyBuffer Release () when it is done with the buffer.

es (str) [const char *encoding, char **buffer]
This variant on s is used for encoding Unicode into a character buffer. It only works for encoded data without
embedded NUL bytes.

This format requires two arguments. The first is only used as input, and must be a const char* which points
to the name of an encoding as a NUL-terminated string, or NULL, in which case 'ut £-8"' encoding is used. An
exception is raised if the named encoding is not known to Python. The second argument must be a char* *; the
value of the pointer it references will be set to a buffer with the contents of the argument text. The text will be
encoded in the encoding specified by the first argument.

PyArg ParseTuple () will allocate a buffer of the needed size, copy the encoded data into this buffer and
adjust *buffer to reference the newly allocated storage. The caller is responsible for calling PyMem_Free () to
free the allocated buffer after use.

et (str,bytes or bytearray) [const char *encoding, char **buffer]
Same as e s except that byte string objects are passed through without recoding them. Instead, the implementation
assumes that the byte string object uses the encoding passed in as parameter.

es# (str) [const char *encoding, char **buffer, Py ssize t *buffer_length]
This variant on s# is used for encoding Unicode into a character buffer. Unlike the e s format, this variant allows
input data which contains NUL characters.

It requires three arguments. The first is only used as input, and must be a const char* which points to the name
of an encoding as a NUL-terminated string, or NULL, in which case 'ut £-8"' encoding is used. An exception is
raised if the named encoding is not known to Python. The second argument must be a char* *; the value of the
pointer it references will be set to a buffer with the contents of the argument text. The text will be encoded in the
encoding specified by the first argument. The third argument must be a pointer to an integer; the referenced integer
will be set to the number of bytes in the output buffer.

There are two modes of operation:

If *buffer points a NULL pointer, the function will allocate a buffer of the needed size, copy the encoded data into this
buffer and set *buffer to reference the newly allocated storage. The caller is responsible for calling PyMem_Free ()
to free the allocated buffer after usage.

If *buffer points to a non-NULL pointer (an already allocated buffer), PyArg_ParseTuple () will use this
location as the buffer and interpret the initial value of *buffer_length as the buffer size. It will then copy the encoded
data into the buffer and NUL-terminate it. If the buffer is not large enough, a ValueError will be set.

In both cases, *buffer_length is set to the length of the encoded data without the trailing NUL byte.

et# (str,bytes or bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
Same as e s # except that byte string objects are passed through without recoding them. Instead, the implementation
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assumes that the byte string object uses the encoding passed in as parameter.

Numbers

b (int) [unsigned char]
Convert a nonnegative Python integer to an unsigned tiny int, stored ina C unsigned char.

B (int) [unsigned char]

Convert a Python integer to a tiny int without overflow checking, stored in a C unsigned char.

h (int) [short int]
Convert a Python integer to a C short int.

H (int) [unsigned short int]
Convert a Python integer to a C unsigned short int, without overflow checking.

i (int) [int]
Convert a Python integer to a plain C int.

I (int) [unsigned int]
Convert a Python integer to a C unsigned int, without overflow checking.

1 (int) [long int]
Convert a Python integer toa C long int.

k (int) [unsigned long]
Convert a Python integer to a C unsigned long without overflow checking.

L (int) [long long]
Convert a Python integer to a C long long.

K (int) [unsigned long long]
Convert a Python integer to a C unsigned long long without overflow checking.

n (int) [Py _ssize t]
Convert a Python integer toa C Py_ssize_t.

c (bytes or bytearray of length 1) [char]
Convert a Python byte, represented as a bytes or bytearray object of length 1, to a C char.

AMoEe oty ékdoom 3.3: Allow bytearray objects.

C (str of length 1) [int]
Convert a Python character, represented as a st r object of length 1, toa C int.

f (float) [float]
Convert a Python floating point number to a C f1loat.

d (float) [double]
Convert a Python floating point number to a C double.

D (complex) [Py_complex]
Convert a Python complex number to a C Py_ comp1ex structure.
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Other objects

O (object) [PyObject *]
Store a Python object (without any conversion) in a C object pointer. The C program thus receives the actual object
that was passed. A new strong reference to the object is not created (i.e. its reference count is not increased). The
pointer stored is not NULL.

0! (object) [typeobject, PyObject *]
Store a Python object in a C object pointer. This is similar to O, but takes two C arguments: the first is the address
of a Python type object, the second is the address of the C variable (of type PyObject*) into which the object
pointer is stored. If the Python object does not have the required type, TypeError is raised.

0& (object) [converter, anything)
Convert a Python object to a C variable through a converter function. This takes two arguments: the first is a
function, the second is the address of a C variable (of arbitrary type), converted to void*. The converter function
in turn is called as follows:

[status = converter (object, address);

where object is the Python object to be converted and address is the void* argument that was passed to the
PyArg_Parse* function. The returned status should be 1 for a successful conversion and 0 if the conversion has
failed. When the conversion fails, the converter function should raise an exception and leave the content of address
unmodified.

If the converter returns Py_CLEANUP_SUPPORTED, it may get called a second time if the argument parsing
eventually fails, giving the converter a chance to release any memory that it had already allocated. In this second
call, the object parameter will be NULL; address will have the same value as in the original call.

AMoEe oty £xdoon 3.1: Py_CLEANUP_SUPPORTED was added.

p (bool) [int]
Tests the value passed in for truth (a boolean predicate) and converts the result to its equivalent C true/false integer
value. Sets the int to 1 if the expression was true and 0 if it was false. This accepts any valid Python value. See
truth for more information about how Python tests values for truth.

Néo oty éxdoon 3.3.

(items) (tuple) [matching-items]
The object must be a Python sequence whose length is the number of format units in ifems. The C arguments must
correspond to the individual format units in ifems. Format units for sequences may be nested.

It is possible to pass «long» integers (integers whose value exceeds the platform’s LONG_MAX) however no proper range
checking is done — the most significant bits are silently truncated when the receiving field is too small to receive the value
(actually, the semantics are inherited from downcasts in C — your mileage may vary).

A few other characters have a meaning in a format string. These may not occur inside nested parentheses. They are:

|
Indicates that the remaining arguments in the Python argument list are optional. The C variables corresponding
to optional arguments should be initialized to their default value — when an optional argument is not specified,
PyArg _ParseTuple () does not touch the contents of the corresponding C variable(s).

PyArg _ParseTupleAndKeywords () only: Indicates that the remaining arguments in the Python argument
list are keyword-only. Currently, all keyword-only arguments must also be optional arguments, so | must always
be specified before $ in the format string.

Néo otnv ¢kdoon 3.3.
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The list of format units ends here; the string after the colon is used as the function name in error messages (the
«associated value» of the exception that PyArg ParseTuple () raises).

The list of format units ends here; the string after the semicolon is used as the error message instead of the default
error message. : and ; mutually exclude each other.

Note that any Python object references which are provided to the caller are borrowed references; do not release them (i.e.
do not decrement their reference count)!

Additional arguments passed to these functions must be addresses of variables whose type is determined by the format
string; these are used to store values from the input tuple. There are a few cases, as described in the list of format units
above, where these parameters are used as input values; they should match what is specified for the corresponding format
unit in that case.

For the conversion to succeed, the arg object must match the format and the format must be exhausted. On success,
the PyArg_Parse* functions return true, otherwise they return false and raise an appropriate exception. When the
PyArg_Parse* functions fail due to conversion failure in one of the format units, the variables at the addresses
corresponding to that and the following format units are left untouched.

API Functions

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
Mépog tov Ztabepd ABI Parse the parameters of a function that takes only positional parameters into local
variables. Returns true on success; on failure, it returns false and raises the appropriate exception.

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Mépog tov Ztaepd ABI. Identical to PyArg _ParseTuple (), except that it accepts a va_list rather than a
variable number of arguments.

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

Méopog tov Ztabepd ABI Parse the parameters of a function that takes both positional and keyword parameters
into local variables. The keywords argument is a NULL-terminated array of keyword parameter names. Empty
names denote positional-only parameters. Returns true on success; on failure, it returns false and raises the
appropriate exception.

AMaEe ot €ékdoomn 3.6: Added support for positional-only parameters.

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject ¥*kw, const char *format, char *keywords|[],

va_list vargs)

Mépog tov Z10.0ep6 ABI. Identical to PyArg ParseTupleAndKeywords (),except that it accepts a va_list
rather than a variable number of arguments.

int PyArg_ValidateKeywordArguments (PyObject*)
Mépog tov Zt0.0ep6 ABL Ensure that the keys in the keywords argument dictionary are strings. This is only needed
if PyArg ParseTupleAndKeywords () is not used, since the latter already does this check.
Néo otnv ¢kdoon 3.2.

int PyArg_Parse (PyObject *args, const char *format, ...)

Mépog tov Zt00epd ABL Function used to deconstruct the argument lists of «old-style» functions — these are
functions which use the METH_OLDARGS parameter parsing method, which has been removed in Python 3. This
is not recommended for use in parameter parsing in new code, and most code in the standard interpreter has been
modified to no longer use this for that purpose. It does remain a convenient way to decompose other tuples, however,
and may continue to be used for that purpose.
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int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)

Mépog tov Ztabepd ABIL. A simpler form of parameter retrieval which does not use a format string to specify
the types of the arguments. Functions which use this method to retrieve their parameters should be declared as
METH_VARARGS in function or method tables. The tuple containing the actual parameters should be passed as
args; it must actually be a tuple. The length of the tuple must be at least min and no more than max; min and
max may be equal. Additional arguments must be passed to the function, each of which should be a pointer to a
PyObject* variable; these will be filled in with the values from args; they will contain borrowed references. The
variables which correspond to optional parameters not given by args will not be filled in; these should be initialized
by the caller. This function returns true on success and false if args is not a tuple or contains the wrong number of
elements; an exception will be set if there was a failure.

This is an example of the use of this function, taken from the sources for the _weakref helper module for weak
references:

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;

}

L

The call to PyArg UnpackTuple () in this example is entirely equivalent to this call to
PyArg ParseTuple():

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

6.6.2 Building values

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

Emotpepduevny tiun: New reference. Mépog tov 2t00epd ABI. Create a new value based on a format string similar
to those accepted by the PyArg_Parse* family of functions and a sequence of values. Returns the value or NULL
in the case of an error; an exception will be raised if NULL is returned.

Py_BuildValue () does not always build a tuple. It builds a tuple only if its format string contains two or more
format units. If the format string is empty, it returns None; if it contains exactly one format unit, it returns whatever
object is described by that format unit. To force it to return a tuple of size O or one, parenthesize the format string.

When memory buffers are passed as parameters to supply data to build objects, as for the s and s# formats,
the required data is copied. Buffers provided by the caller are never referenced by the objects created by
Py_BuildValue (). In other words, if your code invokes malloc () and passes the allocated memory to
Py_BuildValue (),your code is responsible for calling free () for that memory once Py_BuildValue ()
returns.

In the following description, the quoted form is the format unit; the entry in (round) parentheses is the Python
object type that the format unit will return; and the entry in [square] brackets is the type of the C value(s) to be
passed.

The characters space, tab, colon and comma are ignored in format strings (but not within format units such as s#).
This can be used to make long format strings a tad more readable.
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s (str or None) [const char *]
Convert a null-terminated C string to a Python st r object using 'ut £-8"' encoding. If the C string pointer
is NULL, None is used.

s# (str or None) [const char *, Py _ssize t]
Convert a C string and its length to a Python st r object using 'ut £-8"' encoding. If the C string pointer
is NULL, the length is ignored and None is returned.

y (bytes) [const char *]
This converts a C string to a Python bytes object. If the C string pointer is NULL, None is returned.

y# (bytes) [const char *, Py ssize t]
This converts a C string and its lengths to a Python object. If the C string pointer is NULL, None is returned.

z (str or None) [const char *]
Same as s.

z# (str or None) [const char *, Py _ssize t]
Same as s#.

u (str) [const wchar_t *]
Convert a null-terminated wchar_ t buffer of Unicode (UTF-16 or UCS-4) data to a Python Unicode object.
If the Unicode buffer pointer is NULL, None is returned.

u# (str) [const wchar_t *, Py _ssize t]
Convert a Unicode (UTF-16 or UCS-4) data buffer and its length to a Python Unicode object. If the Unicode
buffer pointer is NULL, the length is ignored and None is returned.

U (str or None) [const char *]
Same as s.

U# (str or None) [const char *, Py _ssize t]
Same as s#.

i (int) [int]
Convert a plain C int to a Python integer object.

b (int) [char]
Convert a plain C char to a Python integer object.

h (int) [short int]
Convert a plain C short int toa Python integer object.

1 (int) [long int]
Converta C long int to a Python integer object.

B (int) [unsigned char]
Convert a C unsigned char to a Python integer object.

H (int) [unsigned short int]
Convert a C unsigned short int to a Python integer object.

I (int) [unsigned int]
Convert a C unsigned int to a Python integer object.

k (int) [unsigned long]
Convert a C unsigned long to a Python integer object.

L (int) [long long]
Convert a C 1long long to a Python integer object.

K (int) [unsigned long long]
Convert a C unsigned long long to a Python integer object.
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n (int) [Py _ssize t]
Converta C Py_ssize_t toa Python integer.

c (bytes of length 1) [char]
Convert a C int representing a byte to a Python bytes object of length 1.

C (str of length 1) [int]
Convert a C int representing a character to Python st r object of length 1.

d (float) [double]
Convert a C double to a Python floating point number.

f (£loat) [float]
Convert a C f1loat to a Python floating point number.

D (complex) [Py_complex *]
Convert a C Py_complex structure to a Python complex number.

O (object) [PyObject *]
Pass a Python object untouched but create a new strong reference to it (i.e. its reference count is incremented
by one). If the object passed in is a NULL pointer, it is assumed that this was caused because the call producing
the argument found an error and set an exception. Therefore, Py_BuildValue () will return NULL but
won’t raise an exception. If no exception has been raised yet, SystemError is set.

S (object) [PyObject *]
Same as O.

N (object) [PyObject *]
Same as O, except it doesn’t create a new strong reference. Useful when the object is created by a call to an
object constructor in the argument list.

O& (object) [converter, anything]
Convert anything to a Python object through a converter function. The function is called with anything (which
should be compatible with void*) as its argument and should return a «<new» Python object, or NULL if an
error occurred.

(items) (tuple) [matching-items]
Convert a sequence of C values to a Python tuple with the same number of items.

[items] (1ist) [matching-items]
Convert a sequence of C values to a Python list with the same number of items.

{items} (dict) [matching-items]
Convert a sequence of C values to a Python dictionary. Each pair of consecutive C values adds one item to
the dictionary, serving as key and value, respectively.

If there is an error in the format string, the SystemError exception is set and NULL returned.

PyObject *Py_VaBuildValue (const char *format, va_list vargs)

Emotpepduevn turj: New reference. Mépog tov Zta0epd ABL Identical to Py_BuildValue (), except that it
accepts a va_list rather than a variable number of arguments.
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6.7 String conversion and formatting

Functions for number conversion and formatted string output.

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
Mépog tov Ztabepd ABIL Output not more than size bytes to str according to the format string format and the
extra arguments. See the Unix man page snprintf (3).

int PyOS_vsnprint£ (char *str, size_t size, const char *format, va_list va)
Mépog tov Ztabepd ABIL Output not more than size bytes to str according to the format string format and the

variable argument list va. Unix man page vsnprintf (3).

PyOS_snprintf () and PyOS_vsnprintf () wrap the Standard C library functions snprintf () and
vsnprintf (). Their purpose is to guarantee consistent behavior in corner cases, which the Standard C functions
do not.

The wrappers ensure that str [size-1] isalways '\ 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 != NULLand size <
INT_MAX. Note that this means there is no equivalent to the C99 n = snprintf (NULL, 0, ...) which would
determine the necessary buffer size.

The return value (rv) for these functions should be interpreted as follows:

e When 0 <= rv < size, the output conversion was successful and rv characters were written to st (excluding
the trailing ' \0' byte at str[rv]).

e When rv >= size, the output conversion was truncated and a buffer with rv + 1 bytes would have been
needed to succeed. str[size—1]1is "\ 0" in this case.

e When rv < 0, «something bad happened.» str[size-1] is "\0"' in this case too, but the rest of str is
undefined. The exact cause of the error depends on the underlying platform.

The following functions provide locale-independent string to number conversions.

unsigned long PyOS_strtoul (const char *str, char **ptr, int base)

Mépog tov Zt00ep6 ABIL Convert the initial part of the string in str to an unsigned 1long value according
to the given base, which must be between 2 and 3 6 inclusive, or be the special value 0.

Leading white space and case of characters are ignored. If base is zero it looks for a leading Ob, 0o or 0x to
tell which base. If these are absent it defaults to 1 0. Base must be 0 or between 2 and 36 (inclusive). If ptr is
non-NULL it will contain a pointer to the end of the scan.

If the converted value falls out of range of corresponding return type, range error occurs (errno is set to ERANGE)
and ULONG_MAX is returned. If no conversion can be performed, O is returned.

See also the Unix man page strtoul (3).
Néo oty éxdoon 3.2.

long PyOS_strtol (const char *str, char **ptr, int base)

Mépog tov Zt00epd ABL Convert the initial part of the string in st r to an 1ong value according to the given
base, which must be between 2 and 36 inclusive, or be the special value 0.

Same as PyOS_strtoul (), but return a 1ong value instead and LONG_MAX on overflows.
See also the Unix man page strtol (3).

Néo otv éxdoom 3.2.
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double PyOS_string to_double (const char *s, char **endptr, PyObject *overflow_exception)

Mépog tov Zt00epd ABIL. Convert a string s to a double, raising a Python exception on failure. The set of
accepted strings corresponds to the set of strings accepted by Python’s f1oat () constructor, except that s must
not have leading or trailing whitespace. The conversion is independent of the current locale.

If endptr is NULL, convert the whole string. Raise ValueError and return —1. 0 if the string is not a valid
representation of a floating-point number.

If endptr is not NULL, convert as much of the string as possible and set *endpt r to point to the first unconverted
character. If no initial segment of the string is the valid representation of a floating-point number, set *endptr
to point to the beginning of the string, raise ValueError, and return —1 . 0.

If s represents a value that is too large to store in a float (for example, "1e500" is such a string on many platforms)
then if overflow_exception is NULL return Py_HUGE_VAL (with an appropriate sign) and don’t set any
exception. Otherwise, overflow_exception must point to a Python exception object; raise that exception
and return -1 . 0. In both cases, set *endpt r to point to the first character after the converted value.

If any other error occurs during the conversion (for example an out-of-memory error), set the appropriate Python
exception and return —1 . 0.

Néo otnv €kdoon 3.1.

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

Mépog tov Zt00epd ABI. Convert a double val to a string using supplied format_code, precision, and flags.

format_code mustbe oneof 'e', 'E', 'f£','F', 'g', 'G" or 'r'.For 'r"', the supplied precision must be 0
and is ignored. The ' r' format code specifies the standard repr () format.

flags can be zero or more of the values Py_DTSF_SIGN, Py_DTSF_ADD_DOT_O0, or Py_DTSF_ALT, or-ed
together:

e« Py _DTSF_SIGN means to always precede the returned string with a sign character, even if val is non-
negative.

e Py DTSF_ADD_DOT_0 means to ensure that the returned string will not look like an integer.

e Py DTSF_ALT means to apply «alternate» formatting rules. See the documentation for the
PyOS_snprintf () '#' specifier for details.

If ptype is non-NULL, then the value it points to will be set toone of Py_ DTST_FINITE,Py DTST_INFINITE,
or Py_DTST_NAN, signifying that val is a finite number, an infinite number, or not a number, respectively.

The return value is a pointer to buffer with the converted string or NULL if the conversion failed. The caller is
responsible for freeing the returned string by calling PyMem_Free ().

Néo otmv éxdoon 3.1.

int PyOS_stricmp (const char *s1, const char *s2)

Case insensitive comparison of strings. The function works almost identically to st rcmp () except that it ignores
the case.

int PyOS_strnicmp (const char *s1, const char *s2, Py_ssize_t size)

Case insensitive comparison of strings. The function works almost identically to st rncmp () except that it ignores
the case.
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6.8 PyHash API

See also the Py TypeOb ject . tp_hash member.

type Py_hash_t
Hash value type: signed integer.

Néo otnv ¢kdoon 3.2.
type Py_uhash_t

Hash value type: unsigned integer.
Néo otv ¢€kdoom 3.2.

type PyHash_FuncDef
Hash function definition used by PyHash_GetFuncDef ().

const char *name

Hash function name (UTF-8 encoded string).

const int hash_bits
Internal size of the hash value in bits.

const int seed_bits
Size of seed input in bits.

Néo otv éxdoom 3.4.
PyHash_FuncDef *PyHash_GetFuncDef (void)
Get the hash function definition.
Agite emiong:
PEP 456 «Secure and interchangeable hash algorithm».

Néo oty éxdoon 3.4.

6.9 Reflection

PyObject *PyEval_GetBuiltins (void)
Emotpepduevny turj: Borrowed reference. Méoog tov 2t00epd ABIL Return a dictionary of the builtins in the
current execution frame, or the interpreter of the thread state if no frame is currently executing.

PyObject *PyEval_GetLocals (void)
Emotpepduevny tun: Borrowed reference. Méoog tov 2Zto0epd ABI Return a dictionary of the local variables in
the current execution frame, or NULL if no frame is currently executing.

PyObject *PyEval_GetGlobals (void)
Emortpepduevny tiun: Borrowed reference. Mépog tov Zto0ep6 ABIL Return a dictionary of the global variables
in the current execution frame, or NULL if no frame is currently executing.

PyFrameObject *PyEval_GetFrame (void)
Emotpepduevn tiun: Borrowed reference. Méoog tov 2ta0epd ABI. Return the current thread state’s frame, which
is NULL if no frame is currently executing.

See also PyThreadState_GetFrame ().
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const char *PyEval_GetFuncName (PyObject *func)
Mépog tov Zt00epd ABL Return the name of func if it is a function, class or instance object, else the name of
Suncs type.

const char *PyEval_GetFuncDesc (PyObject *func)

Mépog tov Zt00epd ABIL Return a description string, depending on the type of func. Return values include
«()» for functions and methods, « constructor», « instance», and « object». Concatenated with the result of
PyEval_GetFuncName (), the result will be a description of func.

6.10 Codec registry and support functions

int PyCodec_Register (PyObject *search_function)
Mépog tov Zt00epd ABI. Register a new codec search function.
As side effect, this tries to load the encodings package, if not yet done, to make sure that it is always first in the
list of search functions.

int PyCodec_Unregister (PyObject *search_function)
Mépog tov Zta0epd ABI amd v ékdoon 3.10. Unregister a codec search function and clear the registry’s cache.
If the search function is not registered, do nothing. Return O on success. Raise an exception and return -1 on error.

Néo otnv ¢kdoon 3.10.

int PyCodec_KnownEncoding (const char *encoding)
Mépog tov Zt00ep6 ABI Return 1 or 0 depending on whether there is a registered codec for the given encoding.
This function always succeeds.

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Emotpepduevny tun: New reference. Mépog tov Zt00ep6 ABI. Generic codec based encoding AP
object is passed through the encoder function found for the given encoding using the error handling method defined
by errors. errors may be NULL to use the default method defined for the codec. Raises a LookupError if no
encoder can be found.

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Emoroepduevn tiun: New reference. Méoog tov 2t0.0epd ABL Generic codec based decoding API.
object is passed through the decoder function found for the given encoding using the error handling method defined

by errors. errors may be NULL to use the default method defined for the codec. Raises a LookupError if no
encoder can be found.

6.10.1 Codec lookup API

In the following functions, the encoding string is looked up converted to all lower-case characters, which makes encodings
looked up through this mechanism effectively case-insensitive. If no codec is found, a KeyError is set and NULL
returned.

PyObject *PyCodec_Encoder (const char *encoding)

Emotpepduevn tur): New reference. Méoog tov 2t0.0epd ABI. Get an encoder function for the given encoding.

PyObject *PyCodec_Decoder (const char *encoding)

Emotpepduevn tur): New reference. Mépog tov 2to0epd ABI. Get a decoder function for the given encoding.
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PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)

Emotpepduevny turj: New reference. Mépog tov 2100ep6 ABIL. Get an IncrementalEncoder object for the
given encoding.

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)

Emotpepduevny tun: New reference. Mépog tov 2100ep6 ABIL. Get an IncrementalDecoder object for the
given encoding.

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Emotpepduevn tur): New reference. Méoog tov Zta.0epbd ABIL Get a St reamReader factory function for the
given encoding.

PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)

Emotpepduevny tur: New reference. Méoog tov Zta.0ep6d ABL Get a St reamWriter factory function for the
given encoding.

6.10.2 Registry API for Unicode encoding error handlers

int PyCodec_RegisterError (const char *name, PyObject *error)

Méopog tov Ztabepd ABI. Register the error handling callback function error under the given name. This callback
function will be called by a codec when it encounters unencodable characters/undecodable bytes and name is
specified as the error parameter in the call to the encode/decode function.

The callback gets a single argument, an instance of UnicodeEncodeError, UnicodeDecodeError or
UnicodeTranslateError that holds information about the problematic sequence of characters or bytes and
their offset in the original string (see Unicode Exception Objects for functions to extract this information). The
callback must either raise the given exception, or return a two-item tuple containing the replacement for the
problematic sequence, and an integer giving the offset in the original string at which encoding/decoding should
be resumed.

Return 0 on success, —1 on error.

PyObject *PyCodec_LookupError (const char *name)
Emotpepduevy tiun: New reference. Méoog tov 2Zto0epd ABIL Lookup the error handling callback function
registered under name. As a special case NULL can be passed, in which case the error handling callback for «strict»
will be returned.
PyObject *PyCodec_StrictErrors (PyObject *exc)
Emotpepduevn run): [ladvrote NULL. Mépog tov Zta0epd ABIL Raise exc as an exception.
PyObject *PyCodec_IgnoreErrors (PyObject *exc)
Emotpepduevn tun: New reference. Mépog tov Zta0epd ABI. Ignore the unicode error, skipping the faulty input.
PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Emotpepduevy tun: New reference. Méoog tov Zta0epd ABIL Replace the unicode encode error with ? or
U+FFFED.
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Emoroepduevny tiun: New reference. Mépog tov Ztafepd ABIL Replace the unicode encode error with XML
character references.
PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)

Emotpepduevny tun: New reference. Mépog tov Zt00epd ABI. Replace the unicode encode error with backslash
escapes (\x, \u and \U).
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PyObject *PyCodec_NameReplaceErrors (PyObject *exc)

Emotpepduevny tuj: New reference. Mépog tov Zt00epd ABI amd tyv éxdoon 3.7. Replace the unicode encode
error with \N{ . . . } escapes.

Néo oty éxdoon 3.5.
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Abstract Objects Layer

The functions in this chapter interact with Python objects regardless of their type, or with wide classes of object types
(e.g. all numerical types, or all sequence types). When used on object types for which they do not apply, they will raise a
Python exception.

It is not possible to use these functions on objects that are not properly initialized, such as a list object that has been
created by PyList_New (), but whose items have not been set to some non-NULL value yet.

7.1 Object Protocol

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

Py_RETURN_NOTIMPLEMENTED
Properly handle returning Py Not Implemented from within a C function (that is, create a new strong reference
to Notlmplemented and return it).

Py_PRINT RAW

Flag to be used with multiple functions that print the object (like PyObject_Print () and
PyFile_WriteObject ()). If passed, these function would use the str () of the object instead of
the repr ().

int PyObject_Print (PyObject *o, FILE *{p, 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 *0, PyObject *attr_name)

Mépog tov Zt00ep6 ABL 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.

91



The Python/C API, Anpooicuon 3.11.13

Inueiwon: Exceptions that occur when this calls __getattr__ () and __getattribute__ () methods
are silently ignored. For proper error handling, use PyObject_GetAttr () instead.

int PyObject_HasAttrString (PyObject *o, const char *attr_name)

Mépog tov Zt00epd ABL This is the same as PyObject_HasAttr (), but attr_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyOb ject*.

Enueiwon: Exceptions that occur when this calls _ getattr_ () and _ getattribute_ ()
methods or while creating the temporary str object are silently ignored. For proper error handling, use
PyObject_GetAttrString () instead.

PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Emotoepduevny tiun: New reference. Mépog tov 2ta0epd ABI. 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_GetAttrString (PyObject *o, const char *attr_name)

Emotpepduevn tun: New reference. Méoog tov Zta0epd ABI This is the same as PyObject_GetAttr(),
but attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Emotoepduevy tyun: New reference. Mépog tov Zta0epd ABL Generic attribute getter function that is meant to
be put into a type object’s t p_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_SetAttrx (PyObject *o, PyObject *attr_name, PyObject *v)

Mépog tov Zt00epd ABL 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. This behaviour is deprecated in favour of using PyOb ject_DelAttr (),
but there are currently no plans to remove it.

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *Vv)
Mépog tov Zt00ep6 ABL This is the same as PyObject_SetAttr (), but attr_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyObject*.

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

int PyObject_GenericSetAttr (PyObject *o, PyObject ¥name, PyObject *value)
Mépog tov Z100epd ABI. Generic attribute setter and deleter function that is meant to be put into a type object’s
tp_setattro slot. It looks for a data descriptor in the dictionary of classes in the object’s MRO, and if found
it takes preference over setting or deleting the attribute in the instance dictionary. Otherwise, the attribute is set

or deleted in the object’s __dict___ (if present). On success, 0 is returned, otherwise an AttributeError is
raised and —1 is returned.

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)

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

This is the same as PyOb ject_DelAttr (), but attr_name is specified as a const char* UTF-8 encoded
bytes string, rather than a PyObject*.

PyObject *PyObject_GenericGetDict (PyObject *0, void *context)

Emotpepduevny tun: New reference. Mépog tov Zt00ep6 ABI and tyv ékdoon 3.10. A generic implementation
for the getter of a ___dict___ descriptor. It creates the dictionary if necessary.

This function may also be called to get the ___dict__ of the object 0. Pass NULL for context when calling
it. Since this function may need to allocate memory for the dictionary, it may be more efficient to call
PyObject_GetAttr () when accessing an attribute on the object.

On failure, returns NULL with an exception set.
Néo otv éxdoon 3.3.

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)

Mépog tov Zta0epd ABI and v éxdoon 3.7. A generic implementation for the setterof a__ dict__ descriptor.
This implementation does not allow the dictionary to be deleted.

Néo otnv €kdoon 3.3.
PyObject **_PyObject_GetDictPtr (PyObject *obj)

Return a pointer to ___dict__ of the object obj. If there is no __dict
exception.

, return NULL without setting an

This function may need to allocate memory for the dictionary, so it may be more efficient to call
PyObject_GetAttr () when accessing an attribute on the object.

PyObject *PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Emotpepduevy tun: New reference. Mépog tov 2talepd ABIL Compare the values of ol and 02 using the
operation specified by opid, which must be one of Py_LT, Py_LE, Py_EQ, Py_NE, Py_GT, or Py_GE,

corresponding to <, <=, ==, !=, >, or >= respectively. This is the equivalent of the Python expression o1 op
02, where op is the operator corresponding to opid. Returns the value of the comparison on success, or NULL on
failure.

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)

Mépog tov Ztabepd ABIL Compare the values of ol and 02 using the operation specified by opid, like
PyObject_RichCompare (), butreturns —1 on error, O if the result is false, 1 otherwise.

Inueiwon: If ol and o2 are the same object, PyObject_RichCompareBool () will always return 1 for Py_FEQ
and 0 for Py_NE.

PyObject *PyObject_Format (PyObject *obj, PyObject *format_spec)
Mépog tov Ztabepd ABIL Format obj using format_spec. This is equivalent to the Python expression
format (obj, format_spec).

format_spec may be NULL. In this case the call is equivalent to format (ob7j) . Returns the formatted string on
success, NULL on failure.

PyObject *PyObject_Repr (PyObject *0)

Emotpepduevn tiun: New reference. Mépog tov 2tabepd ABIL Compute a string representation of object o.
Returns the string representation on success, NULL on failure. This is the equivalent of the Python expression
repr (o). Called by the repr () built-in function.

AMoEe otnv éxdoon 3.4: This function now includes a debug assertion to help ensure that it does not silently
discard an active exception.
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PyObject *PyObject_ASCII (PyObject *0)
Emotpepduevn tun: New reference. Mépog tov Zta0epd ABL 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 PyOb ject_Repr () in Python 2.
Called by the ascii () built-in function.

PyObject *PyObject_Str (PyObject *0)
Emotpepduevn tun: New reference. Méoog tov Ztabepd ABIL Compute a string representation of object o.

Returns the string representation on success, NULL on failure. This is the equivalent of the Python expression
str (o). Called by the st r () built-in function and, therefore, by the print () function.

AMoEe otnv €xdoon 3.4: This function now includes a debug assertion to help ensure that it does not silently
discard an active exception.

PyObject *PyObiject_Bytes (PyObject *0)
Emotpepduevn tyun: New reference. Méoog tov 2ta0epd ABL. 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
ois 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)
Mépog tov Zt00epd ABL 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 having a __bases___ attribute (which must be a tuple of base classes).

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
Mépog tov Z100epd ABI. Return 1 if inst is an instance of the class cls or a subclass of cls, or 0 if not. On error,
returns —1 and sets an exception.

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

If cishasa___instancecheck__ () method, it will be called to determine the subclass status as described in
PEP 3119. Otherwise, inst is an instance of c¢ls 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)
Mépog tov Zt00epd ABL Compute and return the hash value of an object 0. On failure, return —1. This is the
equivalent of the Python expression hash (o) .

AMoEe omnv ékdoorn 3.2: The return type is now Py_hash_t. This is a signed integer the same size as
Py_ssize_t.

Py_hash_t PyObject_HashNotImplemented (PyObject *0)

Mépog tov Zt0abepd ABI Set a TypeError indicating that type (o) is not hashable and return —1. This
function receives special treatment when stored in a tp_hash slot, allowing a type to explicitly indicate to the
interpreter that it is not hashable.
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int PyObject_IsTrue (PyObject *0)
Mépog tov Zta0epd ABI 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)
Mépog tov Zta0epd ABL 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)
Emotoepduevn tun: New reference. Mépog tov Zto0epod ABL When o is non-NULL, returns a type object
corresponding to the object type of object o. On failure, raises SystemError and returns NULL. This is
equivalent to the Python expression type (o). This function creates a new strong reference to the return value.
There’s really no reason to use this function instead of the Py TYPE () function, which returns a pointer of type
PyTypeObject*, except when a new strong reference is needed.

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

Py_ssize_t PyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject ¥0)
Mépog tov Zt00epd ABI. 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 defaultvalue)

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, defaultvalue).

Néo otnv ékdoon 3.4.

PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
Emotpepduevny tun: New reference. Mépog tov Zta0epd ABI. 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)

Mépog tov Zta0epd ABL Map the object key to the value v. Raise an exception and return —1 on failure; return 0
on success. This is the equivalent of the Python statement o [key] = wv. This function does not steal a reference
to v.

int PyObject_DelItem (PyObject *o, PyObject *key)
Mépog tov Ztafepd ABL Remove the mapping for the object key from the object o. Return —1 on failure. This is
equivalent to the Python statement del o[key].
PyObject *PyObject_Dir (PyObject *0)
Emoroepduevny urj: New reference. Méoog tov 2ta0epd ABI. This is equivalent to the Python expression
dir (o), returning a (possibly empty) list of strings appropriate for the object argument, or NULL if there was an
error. If the argument is NULL, this is like the Python dir (), returning the names of the current locals; in this
case, if no execution frame is active then NULL is returned but PyErr_ Occurred () will return false.
PyObject *PyObject_GetIter (PyObject *0)
Emotpepduevy tui): New reference. Mépog tov Ztafepd ABIL This is equivalent to the Python expression

iter (o). It returns a new iterator for the object argument, or the object itself if the object is already an iterator.
Raises TypeError and returns NULL if the object cannot be iterated.
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PyObject *PyObject_GetAIter (PyObject *0)
Emotpepduevny tyur): New reference. Mépog tov 2ta0epd ABI ard v ékdoon 3.10. This is the equivalent to the
Python expression aiter (o). Takesan AsyncIterable objectand returns an AsyncIterator forit. This
is typically a new iterator but if the argument is an AsyncIterator, this returns itself. Raises TypeError
and returns NULL if the object cannot be iterated.

Néo otnv £¢xdoon 3.10.

7.2 Call Protocol

CPython supports two different calling protocols: #p_call and vectorcall.

7.2.1 The tp_call Protocol

Instances of classes that set tp_cal 1l are callable. The signature of the slot is:

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

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

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

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

7.2.2 The Vectorcall Protocol

Néo omv éxdoom 3.9.
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_ cal 1. Moreover, the callable must behave the same regardless of
which protocol is used. The recommended way to achieve this is by setting tp_callto PyVectorcall Call().
This bears repeating:

Ipozdomoinon: A class supporting vectorcall must also implement tp_ca 11 with the same semantics.

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

Classes can implement the vectorcall protocol by enabling the Py TPFLAGS_HAVE_VECTORCALL flag and setting
tp_vectorcall offset tothe 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, PyObject
*kwnames)

o 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_VECTORCALI_ARGUMENTS_OFFSET flag. To get the actual number of positional arguments from
nargsf, use PyVectorcall_NARGS ().

o 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.

Néo otnv ¢€kdoom 3.8.

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

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

Recursion Control

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.

Néo otnv ¢kdoom 3.8.
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vectorcallfunc PyVectorcall_Function (PyObject *op)
If op does not support the vectorcall protocol (either because the type does not or because the specific instance

does not), return NULL. Otherwise, return the vectorcall function pointer stored in op. This function never raises
an exception.

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

Néo omnv ékdoom 3.9.
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.ltdoesnotcheckthe Py TPFLAGS HAVE_VECTORCALLflaganditdoesnotfall backtotp_call.

Néo omnv ékdoom 3.8.

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 little 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.

Function 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 () PyObject * variadic —
PyObject_CallMethodObjArgs () obj + name variadic —
PyObject_CallMethodNoArgs () obj + name — —
PyObject_CallMethodOneArg () obj + name 1 object —
PyObject_Vectorcall () PyObject * vectorcall vectorcall
PyObject_VectorcallDict () PyObject * vectorcall dict/NULL
PyObject_VectorcallMethod () arg + name vectorcall vectorcall

PyObject *PyObiject_Call (PyObject *callable, PyObject *args, PyObject ¥*kwargs)
Emotpepduevy tui): New reference. Mépog tov Zt00epd ABI 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)

Emotpepduevn tiun: New reference. Mépog tov Zt00ep6 ABI antd v ékdoon 3.10. Call a callable Python object
callable without any arguments. It is the most efficient way to call a callable Python object without any argument.
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Return the result of the call on success, or raise an exception and return NULL on failure.
Néo oty éxdoon 3.9.

PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)

Emotoepduevn tyur): New reference. 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.
Néo otnv ¢€kdoom 3.9.

PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

Emortoepduevy nui): New reference. Mépog tov Ztobepd ABI 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, ...)

Emotoepduevny turj: New reference. Méoog tov 2ta0epd ABL Call a callable Python object callable, with a
variable number of C arguments. The C arguments are described usinga Py 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 PyOb ject* args, PyObject_CallFunctionObjArgs () is a faster alternative.
AMEe oty £xdoon 3.4: The type of formar was changed from char *.

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

Emotpepduevny tur: New reference. Mépog tov 2t0.0epd ABI. Call the method named name of object obj with
a variable number of C arguments. The C arguments are described by a Py BuildValue () format string that
should produce a tuple.

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

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: obj .name (argl, arg2, ...).

Note that if you only pass PyOb ject* args, PyObject_CallMethodObjArgs () is a faster alternative.
AMoEe oty £xdoon 3.4: The types of name and format were changed from char *.

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

Emotoepduevny tun: New reference. Méoog tov Zta0epd ABIL 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, ...)

Emotpepduevn tui): New reference. Méoog tov 2t0.0epd ABI 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.
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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.
Néo otnv ¢kdoom 3.9.
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.
Néo oty éxdoon 3.9.

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.
Néo otv ¢€kdoom 3.9.
PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*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.

Néo oty éxdoon 3.9.

PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyObject
*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_VECTORCALI_ARGUMENTS_OFFSET if the value of args [ 0] may temporarily be changed.
Keyword arguments can be passed just like in PyObject_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.

Néo otv ¢€kdoom 3.9.
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7.2.4 Call Support API

int PyCallable_Check (PyObject *0)

Méopog tov Zt00epd ABI. Determine if the object o is callable. Return 1 if the object is callable and O otherwise.
This function always succeeds.

7.3 Number Protocol

int PyNumber_Check (PyObject *0)
Mépog tov Ztabepd ABI Returns 1 if the object o provides numeric protocols, and false otherwise. This function
always succeeds.

AMoEe oty €ékdoon 3.8: Returns 1 if o is an index integer.

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
Emotpepduevn tuun): New reference. Méoog tov Zt0.0ep6 ABI. Returns the result of adding o/ and 02, or NULL
on failure. This is the equivalent of the Python expression o1 + o2.

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
Emotpepduevn tun: New reference. Méoog tov Zta0epd ABIL. Returns the result of subtracting 02 from ol, or
NULL on failure. This is the equivalent of the Python expression o1 - o02.

PyObject *PyNumber_ Multiply (PyObject *ol, PyObject *02)
Emotpepduevn tyun): New reference. Méoog tov 2t00ep6 ABI. Returns the result of multiplying o/ and 02, or
NULL on failure. This is the equivalent of the Python expression o1 * o02.

PyObject *PyNumber MatrixMultiply (PyObject *ol, PyObject ¥02)
Emotpepduevny tur): New reference. Mépog tov Zta0epd ABI amd tyv ékdoon 3.7. Returns the result of matrix
multiplication on o/ and 02, or NULL on failure. This is the equivalent of the Python expression o1 @ o2.

Néo otnv ékdoon 3.5.

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Emoroepduevn tiunj: New reference. Mépog tov Zta0epd ABIL. Return the floor of o/ divided by 02, or NULL on
failure. This is the equivalent of the Python expression 01 // o2.

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *¥02)
Emoroepduevny tiun: New reference. Méoog tov Zt00epd ABIL Return a reasonable approximation for the
mathematical value of o/ divided by 02, or NULL on failure. The return value is «approximate» because binary
floating point numbers are approximate; it is not possible to represent all real numbers in base two. This function
can return a floating point value when passed two integers. This is the equivalent of the Python expression o1 /
o2.

PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
Emotoepduevn tiun: New reference. Mépog tov Zta0epd ABI. Returns the remainder of dividing o/ by 02, or
NULL on failure. This is the equivalent of the Python expression o1 % o02.

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)
Emotoepduevn tur): New reference. Mépog tov 2ta0epd ABI. See the built-in function divmod () . Returns
NULL on failure. This is the equivalent of the Python expression divmod (01, 02).

PyObject *PyNumber_Power (PyObject *ol, PyObject ¥02, PyObject *03)
Emotoepduevn tun: New reference. Mépoog tov 2t00epd ABI. See the built-in function pow () . Returns NULL

on failure. This is the equivalent of the Python expression pow (01, ©2, 03), where 03 is optional. If 03 is to
be ignored, pass Py_None in its place (passing NULL for 03 would cause an illegal memory access).

7.3. Number Protocol 101



The Python/C API, Anpooicuon 3.11.13

PyObject *PyNumber_Negative (PyObject *0)
Emotpepduevny tui): New reference. Mépog tov Z10.0ep6 ABI. Returns the negation of o on success, or NULL on
failure. This is the equivalent of the Python expression —o.

PyObject *PyNumber_Positive (PyObject *0)
Emotpepduevny turj: New reference. Mépog tov Zt00ep6 ABI. Returns o on success, or NULL on failure. This is
the equivalent of the Python expression +o.

PyObject *PyNumber_Absolute (PyObject *0)
Emortpepduevy tun: New reference. Méoog tov Ztalepd ABL Returns the absolute value of o, or NULL on
failure. This is the equivalent of the Python expression abs (o).

PyObject *PyNumber_Invert (PyObject *0)
Emoroepduevy tun: New reference. Mépog tov Z10.0epd ABI. Returns the bitwise negation of o on success, or
NULL on failure. This is the equivalent of the Python expression ~o.

PyObject *PyNumber_Lshift (PyObject *ol, PyObject ¥02)
Emotpepduevy turj: New reference. Méoog tov 2t00ep6 ABI. Returns the result of left shifting o/ by 02 on
success, or NULL on failure. This is the equivalent of the Python expression 01 << o02.

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
Emotpepduevn tyun: New reference. Méoog tov 2t00ep6 ABIL Returns the result of right shifting o/ by 02 on
success, or NULL on failure. This is the equivalent of the Python expression 01 >> o2.

PyObject *PyNumber_And (PyObject *ol, PyObject *02)
Emoroepduevn tut): New reference. Mépog tov 2ta0ep6 ABI. Returns the «bitwise and» of o/ and 02 on success
and NULL on failure. This is the equivalent of the Python expression o1 & o02.

PyObject *PyNumber_Xox (PyObject *ol, PyObject *02)
Emotpepduevn tyuij: New reference. Méoog tov Zta.0gp6d ABI. Returns the «bitwise exclusive or» of ol by 02 on
success, or NULL on failure. This is the equivalent of the Python expression o1 ~ 02.

PyObject *PyNumber_Oxr (PyObject *ol, PyObject ¥02)
Emotpepduevny tu): New reference. Méoog tov Zta0ep6d ABI. Returns the «bitwise or» of ol and 02 on success,
or NULL on failure. This is the equivalent of the Python expression o1 | o02.

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Emotoepduevy tiun: New reference. Mépog tov Zta0epd ABL Returns the result of adding o/ and 02, or NULL
on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement o1
+= 02.

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Emotpepduevny tiun: New reference. Méoog tov Zto0epd ABI. Returns the result of subtracting 02 from ol, or
NULL on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement
ol -= o2.

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)

Emotpepduevn tyur): New reference. Méoog tov Zt00ep6 ABI. Returns the result of multiplying o/ and 02, or
NULL on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement
ol *= o2.

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject ¥0l, PyObject *¥02)

Emotoepduevn tyur): New reference. Mépog tov 210.0epd ABI amd tnv ékdoon 3.7. Returns the result of matrix
multiplication on o/ and 02, or NULL on failure. The operation is done in-place when ol supports it. This is the
equivalent of the Python statement 01 @= o2.

Néo otnv €kdoon 3.5.
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PyObject *PyNumber InPlaceFloorDivide (PyObject *ol, PyObject ¥02)
Emotoepduevny tun: New reference. Mépog tov Zta0epd ABI Returns the mathematical floor of dividing ol by

02, or NULL on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python
statement o1 //= 02.

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)

Emotoepduevny tun: New reference. Mépoog tov 2tobfepod ABI Return a reasonable approximation for the
mathematical value of o/ divided by 02, or NULL on failure. The return value is «approximate» because binary
floating point numbers are approximate; it is not possible to represent all real numbers in base two. This function
can return a floating point value when passed two integers. The operation is done in-place when ol supports it. This
is the equivalent of the Python statement o1 /= o02.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Emotpepduevy tyun: New reference. Mépog tov 2Zta0epd ABI. Returns the remainder of dividing o/ by 02, or
NULL on failure. The operation is done in-place when o1 supports it. This is the equivalent of the Python statement
ol %= o2.

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject ¥03)

Emotpepduevn tur: New reference. Méoog tov 210.0ep6 ABL See the built-in function pow () . Returns NULL
on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement o1
**= 02 when 03 is Py_ None, or an in-place variant of pow (01, 02, 03) otherwise. If 03 is to be ignored,
pass Py_None in its place (passing NULL for 03 would cause an illegal memory access).

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Emotpepduevy turj: New reference. Méoog tov 2t00ep6 ABI. Returns the result of left shifting o/ by 02 on
success, or NULL on failure. The operation is done in-place when ol supports it. This is the equivalent of the
Python statement 01 <<= o02.

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject ¥02)
Emotpepduevn tyun: New reference. Méoog tov 2t00epd ABIL Returns the result of right shifting o/ by 02 on
success, or NULL on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python
statement ol >>= o02.

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Emoroepduevn tut): New reference. Mépog tov 2ta0epd ABI. Returns the «bitwise and» of ol and 02 on success
and NULL on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python
statement ol &= o2.

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Emotpepduevn ui): New reference. Méoog tov 210.0ep6 ABI. Returns the «bitwise exclusive or» of ol by 02
on success, or NULL on failure. The operation is done in-place when ol supports it. This is the equivalent of the
Python statement 01 "= o2.

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Emotoepduevn tiur): New reference. Méoog tov Ztabep6 ABIL Returns the «bitwise or» of ol and 02 on success,
or NULL on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python
statement o1 |= 02.

PyObject *PyNumber_Long (PyObject *0)
Emotpepduevny tiun: New reference. Mépog tov Ztafepd ABI. Returns the o converted to an integer object on
success, or NULL on failure. This is the equivalent of the Python expression int (o).

PyObject *PyNumber_Float (PyObject *0)

Emotpepduevn tiun: New reference. Mépog tov 2ta0epd ABI. Returns the o converted to a float object on success,
or NULL on failure. This is the equivalent of the Python expression f1oat (o).
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PyObject *PyNumber_Index (PyObject *0)
Emotpepduevny tun): New reference. Mépog tov Z10.0ep6 ABI. Returns the o converted to a Python int on success
or NULL with a TypeError exception raised on failure.

AlLaEe otnv ékdoom 3.10: 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)
Emotoepduevy tun: New reference. Mépog tov 2t00epd ABIL Returns the integer n converted to base base
as a string. The base argument must be one of 2, 8, 10, or 16. For base 2, 8, or 16, the returned string is
prefixed with a base marker of '0b', '0o"', or '0x"', respectively. If # is not a Python int, it is converted with
PyNumber_Index () first.

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
Mépog tov Ztabepd ABL Returns o converted to a Py_ssize_t value if o can be interpreted as an integer. If
the call fails, an exception is raised and -1 is returned.

If o can be converted to a Python int but the attempt to convert to a Py_ssize t value would raise an
OverflowError, then the exc argument is the type of exception that will be raised (usually IndexError or
OverflowError). If exc is NULL, then the exception is cleared and the value is clipped to PY_SSIZE_T_MIN
for a negative integer or PY_SSIZE_T_MAX for a positive integer.

int PyIndex_Check (PyObject *0)
Mépog tov Z100epd ABI ard v ékdoon 3.8. Returns 1 if o is an index integer (has the nb_index slot of the
tp_as_number structure filled in), and 0 otherwise. This function always succeeds.

7.4 Sequence Protocol

int PySequence_Check (PyObject *0)
Mépog tov Ztafepd ABIL. Return 1 if the object provides the sequence protocol, and 0 otherwise. Note that it
returns 1 for Python classes witha __getitem__ () method, unless they are dict subclasses, since in general
it is impossible to determine what type of keys the class supports. This function always succeeds.

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Mépog tov 2t00epd ABI Returns the number of objects in sequence o on success, and —1 on failure. This is
equivalent to the Python expression 1en (o).

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
Emotpepduevn tyui): New reference. Mépog tov 2ta0epd ABI. Return the concatenation of o/ and 02 on success,
and NULL on failure. This is the equivalent of the Python expression o1 + o2.

PyObject *PySequence_Repeat (PyObject *o, Py_ssize_t count)
Emotpepduevn tiun: New reference. Mépog tov 2t00epd ABIL. Return the result of repeating sequence object o
count times, or NULL on failure. This is the equivalent of the Python expression o * count.

PyObject *PySequence_InPlaceConcat (PyObject ¥ol, PyObject *02)
Emoroepduevn tut): New reference. Méoog tov Zt0.0ep0 ABI Return the concatenation of o/ and 02 on success,
and NULL on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python
expression ol += 02.

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)

Emotpepduevn tiun: New reference. Mépog tov 2t00epd ABIL. Return the result of repeating sequence object o
count times, or NULL on failure. The operation is done in-place when o supports it. This is the equivalent of the
Python expression o *= count.
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PyObject *PySequence_GetItem (PyObject *o, Py _ssize_t1)
Emotpepduevn tur: New reference. Mépog tov Ztabepd ABI Return the ith element of o, or NULL on failure.
This is the equivalent of the Python expression o [1].

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_ti2)
Emotpepduevn rur: New reference. Méoog tov Zta0epd ABI. Return the slice of sequence object o between i/
and i2, or NULL on failure. This is the equivalent of the Python expression o [11:12].

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
Mépog tov Z100epd ABI Assign object v to the ith element of o. Raise an exception and return —1 on failure;

return 0 on success. This is the equivalent of the Python statement o [i] = wv. This function does not steal a
reference to v.

If vis NULL, the element is deleted, but this feature is deprecated in favour of using Py Sequence_DelIltem().

int PySequence_DelItem (PyObject *o, Py ssize t1)
Mépog tov Ztabepd ABL Delete the ith element of object o. Returns —1 on failure. This is the equivalent of the
Python statement del o[1i].

int PySequence_SetSlice (PyObject *o, Py_ssize_t i1, Py_ssize_t 12, PyObject *V)
M¢épog tov Zto0epd ABI. Assign the sequence object v to the slice in sequence object o from i/ to i2. This is the
equivalent of the Python statement o [11:12] = v.

int PySequence_DelSlice (PyObject *o, Py_ssize_t i1, Py_ssize_ti2)
Mépog tov Zt00ep6 ABL Delete the slice in sequence object o from i/ to i2. Returns —1 on failure. This is the
equivalent of the Python statement del o[i1:12].

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Mépog tov Zta0epd ABL Return the number of occurrences of value in o, that is, return the number of
keys for which o [key] == wvalue. On failure, return —1. This is equivalent to the Python expression o.
count (value).

int PySequence_Contains (PyObject *0, PyObject *value)
Mépog tov Ztabepd ABL Determine if o contains value. If an item in o is equal to value, return 1, otherwise
return 0. On error, return —1. This is equivalent to the Python expression value in o.

Py_ssize_t PySequence_Index (PyObject *0, PyObject *value)
Mépog tov Ztabepd ABL Return the first index i for which o[1] == wvalue. On error, return —1. This is
equivalent to the Python expression o . index (value).

PyObject *PySequence_List (PyObject *0)
Emotpepduevny tur): New reference. Mépog tov 2t00ep6 ABI. Return a list object with the same contents as the
sequence or iterable o, or NULL on failure. The returned list is guaranteed to be new. This is equivalent to the
Python expression 1ist (o).

PyObject *PySequence_Tuple (PyObject *0)
Emoroepduevy tui: New reference. Mépog tov Zta.0epd ABI. Return a tuple object with the same contents as
the sequence or iterable o, or NULL on failure. If o is a tuple, a new reference will be returned, otherwise a tuple
will be constructed with the appropriate contents. This is equivalent to the Python expression tuple (o).

PyObject *PySequence_Fast (PyObject *o, const char *m)
Emoroepduevy tiur): New reference. Mépog tov Z100epd ABI Return the sequence or iterable o as an object

usable by the other PySequence_Fast* family of functions. If the object is not a sequence or iterable, raises
TypeError with m as the message text. Returns NULL on failure.

The PySequence_Fast* functions are thus named because they assume o is a PyTupleObject or a
PyListObject and access the data fields of o directly.

As a CPython implementation detail, if o is already a sequence or list, it will be returned.
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Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
Returns the length of o, assuming that o was returned by PySequence_Fast () and that o is not NULL. The
size can also be retrieved by calling PySequence_Size () ono,but PySequence_Fast_GET _SIZE () is
faster because it can assume o is a list or tuple.

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t 1)
Emotoepduevny tur): Borrowed reference. Return the ith element of o, assuming that o was returned by
PySequence_Fast (), o0isnot NULL, and that i is within bounds.

PyObject **PySequence_Fast_ITEMS (PyObject *0)
Return the underlying array of PyObject pointers. Assumes that o was returned by PySequence_Fast () and
0 is not NULL.

Note, if a list gets resized, the reallocation may relocate the items array. So, only use the underlying array pointer
in contexts where the sequence cannot change.
PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t 1)

Emotoepduevy nun: New reference. Return the ith element of o or NULL on failure. Faster form of
PySequence_GetItem () but without checking that PySequence_Check () on o is true and without
adjustment for negative indices.

7.5 Mapping Protocol

See also PyObject_GetItem (), PyObject_SetItem() and PyObject_DelItem().

int PyMapping_Check (PyObject *0)
Mépog tov Z100epd ABL Return 1 if the object provides the mapping protocol or supports slicing, and 0 otherwise.
Note that it returns 1 for Python classes with a ___getitem__ () method, since in general it is impossible to
determine what type of keys the class supports. This function always succeeds.

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
Mépog tov Ztabepd ABL Returns the number of keys in object o on success, and —1 on failure. This is equivalent
to the Python expression len (o).

PyObject *PyMapping_GetItemString (PyObject *0, const char *key)
Emotpepduevny tiun: New reference. Mépog tov Zta0epd ABL This is the same as PyObject_GetItem(),
but key is specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
Mépog tov Zt00epo ABI. This is the same as PyOb ject_Set Item(),but keyis specified asa const char*
UTEF-8 encoded bytes string, rather than a PyObject*.

int PyMapping_DelItem (PyObject *o, PyObject *key)
This is an alias of PyObject_DelItem().

int PyMapping_DelItemString (PyObject *o, const char *key)
This is the same as PyObject_DelItem (), but key is specified as a const char* UTF-8 encoded bytes
string, rather than a PyOb ject*.

int PyMapping_HasKey (PyObject *o, PyObject *key)
Mépog tov Zta0epd ABL Return 1 if the mapping object has the key key and 0 otherwise. This is equivalent to
the Python expression key in o. This function always succeeds.
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Enueiwon: Exceptions which occur when this calls __getitem__ () method are silently ignored. For proper
error handling, use PyObject_GetItem () instead.

int PyMapping_HasKeyString (PyObject *o, const char *key)
Mépog tov Zto.0epd ABL. This is the same as PyMapping_HasKey (), but keyis specified asa const char*
UTF-8 encoded bytes string, rather than a PyObject*.

Inueiwon: Exceptions that occur when this calls __getitem__ () method or while creating the temporary
str object are silently ignored. For proper error handling, use PyMapping GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *0)
Emotoepduevny tun: New reference. Mépog tov Z100epd ABL On success, return a list of the keys in object o.
On failure, return NULL.

AlhaEe oty ékdoon 3.7: Previously, the function returned a list or a tuple.
PyObject *PyMapping_Values (PyObject *0)

Emoroepduevn tiun: New reference. Mépog tov Ztabepd ABL On success, return a list of the values in object o.
On failure, return NULL.

AMoEe oty £xdoon 3.7: Previously, the function returned a list or a tuple.
PyObject *PyMapping_Items (PyObject *0)

Emotpepduevn tun: New reference. Méoog tov Ztalepd ABI On success, return a list of the items in object o,
where each item is a tuple containing a key-value pair. On failure, return NULL.

AMEe oty £xdoon 3.7: Previously, the function returned a list or a tuple.

7.6 lterator Protocol

There are two functions specifically for working with iterators.

int PyIter_Check (PyObject *0)
Mépog tov Zt00epd ABI and v ékdoon 3.8. Return non-zero if the object o can be safely passed to
PyIter_Next (), and O otherwise. This function always succeeds.

int PyAIter_Check (PyObject *0)
Mépog tov Zt00ep6 ABI and v ékdoon 3.10. Return non-zero if the object o provides the AsyncIterator
protocol, and 0 otherwise. This function always succeeds.
Néo otnv éxdoon 3.10.

PyObject *PyIter_Next (PyObject *0)
Emotpepduevny tuij: New reference. Méoog tov 2t0.0ep6 ABI. Return the next value from the iterator o. The
object must be an iterator according to PyIter Check () (it is up to the caller to check this). If there are no
remaining values, returns NULL with no exception set. If an error occurs while retrieving the item, returns NULL
and passes along the exception.

To write a loop which iterates over an iterator, the C code should look something like this:

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

(ouvéyela otV emtduevVn oekida)
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if (iterator == NULL) {
/* propagate error */

}

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

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

Py_DECREF (iterator);

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

}

type PySendResult
The enum value used to represent different results of PyTter Send ().

Néo oty éxdoon 3.10.
PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)

Mépog tov Z100epd ABI antd v ékdoan 3.10. Sends the arg value into the iterator iter. Returns:
e« PYGEN_RETURN if iterator returns. Return value is returned via presult.
e PYGEN_NEXT if iterator yields. Yielded value is returned via presult.
e PYGEN_ERROR if iterator has raised and exception. presult is set to NULL.

Néo otnv £¢xdoon 3.10.

7.7 Buffer Protocol

Certain objects available in Python wrap access to an underlying memory array or buffer. Such objects include the built-in
bytes and bytearray, and some extension types like array .array. Third-party libraries may define their own
types for special purposes, such as image processing or numeric analysis.

While each of these types have their own semantics, they share the common characteristic of being backed by a possibly
large memory buffer. It is then desirable, in some situations, to access that buffer directly and without intermediate copying.

Python provides such a facility at the C level in the form of the buffer protocol. This protocol has two sides:

« on the producer side, a type can export a «buffer interface» which allows objects of that type to expose information
about their underlying buffer. This interface is described in the section Buffer Object Structures;

« on the consumer side, several means are available to obtain a pointer to the raw underlying data of an object (for
example a method parameter).

Simple objects such as bytes and bytearray expose their underlying buffer in byte-oriented form. Other forms are
possible; for example, the elements exposed by an array .array can be multi-byte values.

An example consumer of the buffer interface is the write () method of file objects: any object that can export a series
of bytes through the buffer interface can be written to a file. While write () only needs read-only access to the internal
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contents of the object passed to it, other methods such as readinto () need write access to the contents of their
argument. The buffer interface allows objects to selectively allow or reject exporting of read-write and read-only buffers.

There are two ways for a consumer of the buffer interface to acquire a buffer over a target object:
e call PyObject_GetBuffer () with the right parameters;
e call PyArg ParseTuple () (or one of its siblings) with one of the y*, w* or s* format codes.

In both cases, PyBuffer Release () must be called when the buffer isn’t needed anymore. Failure to do so could
lead to various issues such as resource leaks.

7.7.1 Buffer structure

Buffer structures (or simply «buffers») are useful as a way to expose the binary data from another object to the Python
programmer. They can also be used as a zero-copy slicing mechanism. Using their ability to reference a block of memory,
it is possible to expose any data to the Python programmer quite easily. The memory could be a large, constant array in
a C extension, it could be a raw block of memory for manipulation before passing to an operating system library, or it
could be used to pass around structured data in its native, in-memory format.

Contrary to most data types exposed by the Python interpreter, buffers are not PyOb ject pointers but rather simple C
structures. This allows them to be created and copied very simply. When a generic wrapper around a buffer is needed, a
memoryview object can be created.

For short instructions how to write an exporting object, see Buffer Object Structures. For obtaining a buffer, see
PyObject_GetBuffer().
type Py_buffer

Mépog tov Z100epd ABI (cvumeptdaufavouévav 6Awv twv ueldv) amd v éxdoon 3.11.

void *buf

A pointer to the start of the logical structure described by the buffer fields. This can be any location within
the underlying physical memory block of the exporter. For example, with negative st rides the value may
point to the end of the memory block.

For contiguous arrays, the value points to the beginning of the memory block.
PyObject *ob3j
A new reference to the exporting object. The reference is owned by the consumer and automatically released

(i.e. reference count decremented) and set to NULL by PyBuffer Release (). Thefield is the equivalent
of the return value of any standard C-API function.

As a special case, for temporary buffers that are wrapped by PyMemoryView FromBuffer () or
PyBuffer FillInfo () thisfield is NULL. In general, exporting objects MUST NOT use this scheme.
Py_ssize_t 1en

product (shape) * itemsize. For contiguous arrays, this is the length of the underlying memory
block. For non-contiguous arrays, it is the length that the logical structure would have if it were copied to a
contiguous representation.

Accessing ( (char *)buf) [0] up to ((char *)buf) [len-1] is only valid if the buffer has
been obtained by a request that guarantees contiguity. In most cases such a request will be PyBUF_STMPLE
or PyBUF_WRITABLE.

int readonly

An indicator of whether the buffer is read-only. This field is controlled by the PyBUF_WRITABLE flag.
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Py _ssize_t itemsize
Item size in bytes of a single element. Same as the value of struct.calcsize () called on non-NULL
format values.

Important exception: If a consumer requests a buffer without the PyBUF_FORMAT flag, format will be set
to NULL, but i tems1i ze still has the value for the original format.

If shapeis present, the equality product (shape) * itemsize == len still holds and the consumer
can use itemsize to navigate the buffer.

If shapeis NULL as aresult of a PyBUF_STIMPLE or a PyBUF_WRITABLE request, the consumer must
disregard i temsize and assume itemsize == 1.

const char *format
A NUL terminated string in st ruct module style syntax describing the contents of a single item. If this is
NULL, "B" (unsigned bytes) is assumed.
This field is controlled by the PyBUF_FORMAT flag.

int ndim
The number of dimensions the memory represents as an n-dimensional array. If it is 0, buf points to a
single item representing a scalar. In this case, shape, st rides and suboffsets MUST be NULL. The
maximum number of dimensions is given by PyBUF_MAX_NDIM.

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 be equal to Ien.

Shape values are restricted to shape [n] >= 0. The case shape[n] == 0 requires special attention.
See complex arrays for further information.

The shape array is read-only for the consumer.

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 values can be any integer. For regular arrays, strides are usually positive, but a consumer MUST be
able to handle the case strides[n] <= 0. See complex arrays for further information.

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).

This type of array representation is used by the Python Imaging Library (PIL). See complex arrays for further
information how to access elements of such an array.

The suboffsets array is read-only for the consumer.

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.

110

Kegahawo 7. Abstract Objects Layer



The Python/C API, Anpooicuon 3.11.13

Constants:

PyBUF_MAX_ NDIM

The maximum number of dimensions the memory represents. Exporters MUST respect this limit, consumers of
multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_ND IM dimensions. Currently set to 64.

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 readon 1y 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 |’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 |"d to any of the flags except PyBUF_STMPLE. The latter already implies format B (unsigned
bytes).

shape, strides, suboffsets

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.
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| Request | shape strides | suboffsets |

yes yes if needed
PyBUF__INDIRECT

yes yes NULL
PyBUF_STRIDES

yes NULL | NULL
PyBUF_ND

NULL NULL | NULL
PyBUF_SIMPLE

contiguity requests

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

| Request | shape strides | suboffsets contig |
yes yes NULL C
PyBUF_C_CONTIGUOUS
yes yes NULL F
PyBUF_F_CONTIGUOUS
yes yes NULL CorF
PyBUF_ANY_CONTIGUOUS
PyBUF_ND yes NULL | NULL C

compound requests
All possible requests are fully defined by some combination of the flags in the previous section. For convenience, the
buffer protocol provides frequently used combinations as single flags.

In the following table U stands for undefined contiguity. The consumer would have to call
PyBuffer IsContiguous () to determine contiguity.
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| Request | shape = strides suboffsets ~contig | readonly | format |

yes yes if needed U 0 yes
PyBUF_FULL

yes yes if needed U lLor0 yes
PyBUF_FULL_RO

yes yes NULL U 0 yes
PyBUF_RECORDS

yes yes NULL U lor0 yes
PyBUF_RECORDS_RO

yes yes NULL U 0 NULL
PyBUF_STRIDED

yes yes NULL U lor0 NULL
PyBUF_STRIDED_RO

yes NULL NULL C 0 NULL
PyBUF_CONTIG

yes NULL NULL C lor0 NULL
PyBUF_CONTIG_RO

7.7.3 Complex arrays

NumPy-style: shape and strides

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
if offset % itemsize:
return False
(ouvéyela otV emtduevVn oekida)
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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]-1) for j in range (ndim)

if strides[j] > 0)

return 0 <= offset+imin and offset+imaxt+itemsize <= memlen

PIL-style: shape, strides and suboffsets

In addition to the regular items, PIL-style arrays can contain pointers that must be followed in order to get to the next
element in a dimension. For example, the regular three-dimensional C-array char v [2] [2] [3] can also be viewed
as an array of 2 pointers to 2 two-dimensional arrays: char (*v[2]) [2] [3].In suboffsets 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:

void *get_item_pointer (int ndim, woid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

char *pointer = (char*)buf;
int i;
for (i = 0; i < ndim; i++) {

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

}

return (void*)pointer;

7.7.4 Buffer-related functions

int PyObject_CheckBuffer (PyObject *obj)
Mépog tov Zta0ep6 ABI amd thv ékdoon 3.11. 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)

Mépog tov Ztabepd ABI atd v ékdoon 3.11. 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 Buf ferError, set view—>obj to NULL
and return —1.
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On success, fill in view, set view—>0bJ 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 PyOb ject_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)

Mépog tov Zt00epod ABI amd v éxdoon 3.11. Release the buffer view and release the strong reference (i.e.
decrement the reference count) to the view’s supporting object, 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)
Mépog tov Ztabepd ABI and v ékdoon 3.11. Return the implied i temsize from format. On error, raise
an exception and return -1.
Néo oty éxdoon 3.9.

int PyBuffer_IsContiguous (const Py_buffer *view, char order)
Mépog tov Ztabepd ABI ad v ékdoon 3.11. 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 O otherwise. This function
always succeeds.

void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
Mépog tov Zta0epd ABI and v éxdoon 3.11. 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 (const Py_buffer *view, const void *buf, Py_ssize t len, char fort)
Mépog tov Z100epd ABI amd v ékdoon 3.11. Copy contiguous len bytes from buf to view. fort canbe 'C' or
'"F' (for C-style or Fortran-style ordering). O is returned on success, —1 on error.

int PyBuffer_ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)

Mépog tov Ztabepd ABI amd tnv éxdoon 3.11. Copy len bytes from src to its contiguous representation in buf.
ordercanbe 'C' or 'F' or 'A"' (for C-style or Fortran-style ordering or either one). 0 is returned on success, —1
on error.

This function fails if len = src->len.

int PyObject_CopyData (PyObject *dest, PyObject *src)
Mépog tov Ztabepd ABI axd v ékdoon 3.11. Copy data from src to dest buffer. Can convert between C-style
and or Fortran-style buffers.
0 is returned on success, —1 on error.
void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize, char
order)
Méopog tov Zt00ep6 ABI amd v ékdoon 3.11. 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)
Mépog tov Ztabepd ABI ard v ékdoon 3.11. 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.
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On success, set view—>obj to a new reference to exporter and return 0. Otherwise, raise Buf ferError, set
view—->o0bj to NULL and return —1;

If this function is used as part of a getbufferproc, exporter MUST be set to the exporting object and flags must be
passed unmodified. Otherwise, exporter MUST be NULL.

7.8 Old Buffer Protocol

AmoovpOnke oty €kdoon 3.0.

These functions were part of the «old buffer protocol» API in Python 2. In Python 3, this protocol doesn’t exist anymore
but the functions are still exposed to ease porting 2.x code. They act as a compatibility wrapper around the new buffer
protocol, but they don’t give you control over the lifetime of the resources acquired when a buffer is exported.

Therefore, it is recommended that you call PyObject_GetBuffer () (or the y* or w* format codes with the
PyArg_ParseTuple () family of functions) to get a buffer view over an object, and PyBuffer_ Release ()
when the buffer view can be released.

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)

Mépog tov Ztabepd ABI. Returns a pointer to a read-only memory location usable as character-based input. The
obj argument must support the single-segment character buffer interface. On success, returns 0, sets buffer to the
memory location and buffer_len to the buffer length. Returns —1 and sets a TypeError on error.

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)

Mépog tov Ztabepd ABIL Returns a pointer to a read-only memory location containing arbitrary data. The obj
argument must support the single-segment readable buffer interface. On success, returns 0, sets buffer to the memory
location and buffer_len to the buffer length. Returns —1 and sets a TypeError on error.

int PyObject_CheckReadBuffer (PyObject *0)
Mépog tov Zta0epd ABL Returns 1 if o supports the single-segment readable buffer interface. Otherwise returns
0. This function always succeeds.

Note that this function tries to get and release a buffer, and exceptions which occur while calling corresponding
functions will get suppressed. To get error reporting use PyObject_GetBuffer () instead.

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)

Mépog tov Zt00epd ABIL Returns a pointer to a writable memory location. The obj argument must support the
single-segment, character buffer interface. On success, returns 0, sets buffer to the memory location and buffer_len
to the buffer length. Returns —1 and sets a TypeError on error.
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Concrete Objects Layer

The functions in this chapter are specific to certain Python object types. Passing them an object of the wrong type is not
a good idea; if you receive an object from a Python program and you are not sure that it has the right type, you must
perform a type check first; for example, to check that an object is a dictionary, use PyDict_Check (). The chapter is
structured like the «family tree» of Python object types.

Ipozdomoinon: While the functions described in this chapter carefully check the type of the objects which are
passed in, many of them do not check for NULL being passed instead of a valid object. Allowing NULL to be passed
in can cause memory access violations and immediate termination of the interpreter.

8.1 Fundamental Objects

This section describes Python type objects and the singleton object None.

8.1.1 Type Objects

type PyTypeObject
Mépog tov Teproprouévo API (wg wa adiapavis kataokevn). The C structure of the objects used to describe
built-in types.

PyTypeObject PyType_Type
Mépog tov Ztaepd ABI This is the type object for type objects; it is the same object as type in the Python
layer.

int PyType_Check (PyObject *0)
Return non-zero if the object o is a type object, including instances of types derived from the standard type object.
Return 0 in all other cases. This function always succeeds.
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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 0 in all other
cases. This function always succeeds.

unsigned int PyType_ClearCache ()
M¢épog tov Zt00epd ABI. Clear the internal lookup cache. Return the current version tag.

unsigned long PyType_GetFlags (PyTypeObject *type)
Mépog tov Z100ep6d ABL Return the tp_ £ 1ags member of fype. This function is primarily meant for use with

Py_LIMITED_APT; the individual flag bits are guaranteed to be stable across Python releases, but access to
tp_flags itself is not part of the limited API.

Néo otv éxdoom 3.2.
AMoEe oty ékdoon 3.4: The return type is now unsigned long rather than long.

void PyType_Modified (PyTypeObject *type)
Mépog tov Ztafepd ABI. 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)
Mépog tov Zta0epd ABIL. 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_IsSubclass () to do the same check that issubclass () would do.

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Emotoepduevy turj: New reference. Mépog tov Zta0epd ABI. 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)
Emotoepduevy tur): New reference. Mépog tov ZtaOepd ABIL. Generic handler for the tp_new slot of a type
object. Create a new instance using the type’s tp_alloc slot.

int PyType_Ready (PyTypeObject *type)
Mépog tov Ztobepd ABI. 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.

Inueiwon: If some of the base classes implements the GC protocol and the provided type does not include
the Py _TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from its
parents. On the contrary, if the type being created does include Py TPFLAGS_HAVE_GC in its flags then it
must implement the GC protocol itself by at least implementing the t p_ t raverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
Emotpepduevn tuij: New reference. Méoog tov 210.0ep6 ABI ot v ékdoon 3.11. Return the type’s name.
Equivalent to getting the type’s __name___ attribute.

Néo otnv ékdoon 3.11.
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PyObject *PyType_GetQualName (PyTypeObject *type)

Emotpepduevny tun: New reference. Méoog tov 2Zto0epd ABI até v ékdoon 3.11. Return the type’s qualified
name. Equivalent to getting the type’s __qualname___ attribute.

Néo otmv éxdoon 3.11.
void *PyType_GetSlot (PyTypeObject *type, int slot)

Mépog tov Zt00epd ABI atd v éxdoon 3.4. 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 slof argument.
Néo oty éxdoon 3.4.

AlhaEe ot €kdoom 3.10: Py Type_GetSlot () can now accept all types. Previously, it was limited to heap
types.

PyObject *PyType_GetModule (PyTypeObject *type)

Mépog tov Z100epd ABI ard v éxdoon 3.10. Return the module object associated with the given type when
the type was created using Py Type_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. See Py Type GetModuleByDef () for cases when
PyCMethod cannot be used.

Néo otnv ¢kdoom 3.9.
void *PyType_GetModuleState (PyTypeObject *type)

Mépog tov Ztabepd ABI axd v éxdoon 3.10. 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 fype has an associated module but its state is NULL, returns NULL without setting an exception.
Néo otnv ¢kdoom 3.9.
PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)
Find the first superclass whose module was created from the given PyModuleDef def, and return that module.
If no module is found, raises a TypeError and returns NULL.

This function is intended to be used together with PyModule GetState () to get module state from slot
methods (such as tp_init or nb_add) and other places where a method’s defining class cannot be passed
using the PyCMet hod calling convention.

Néo otnv ékdoon 3.11.
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Creating Heap-Allocated Types

The following functions and structs are used to create heap types.

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
Emotpepduevn tur): New reference. Mépog tov Zt00ep0d ABI arrd v éxdoon 3.10. Creates and returns a heap
type from the spec (Py_TPFLAGS_HEAPTYPE).

The bases argument can be used to specify base classes; it can either be only one class or a tuple of classes. If bases
is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead. If that also
is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must be a module
object or NULL. If not NULL, the module is associated with the new type and can later be retrieved with
PyType_GetModule (). The associated module is not inherited by subclasses; it must be specified for each
class individually.

This function calls Py Type_Ready () on the new type.
Néo otnv ¢kdoom 3.9.

AMaEe omv €kdoom 3.10: The function now accepts a single class as the bases argument and NULL as the
tp_doc slot.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
Emotoepduevy mun: New reference. Mépos tov Ztobepd ABI and v éxdoon 3.3. Equivalent to
PyType_FromModuleAndSpec (NULL, spec, bases).
Néo otnv ¢kdoom 3.3.

PyObject *PyType_FromSpec (PyType_Spec *spec)
Emotoepduevny wun:  New  reference. Mépog ov  2t00gpd ABL Equivalent  to
PyType_FromSpecWithBases (spec, NULL).

type PyType_Spec
Mépog tov Z100epd ABI (cvumeptdaufavouévav 6Awv twv ueldv). Structure defining a type’s behavior.
const char *PyType_Spec.name

Name of the type, used to set Py TypeObject . tp_name.

int PyType_Spec.basicsize

int PyType_Spec.itemsize
Size of the instance in bytes, used to set 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
automatically.

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

type PyType_Slot

Mépog tov Zt00epd ABI (ovumeptdaufavouévav SAwv twv ueAdv). Structure defining optional functionality
of a type, containing a slot ID and a value pointer.
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int PyType_Slot.slot

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:

e Py_tp_dealloctoset PyTypeObject.tp_dealloc

e Py_nb_addtoset PyNumberMethods.nb_add

e Py_sqg_lengthtoset PySequenceMethods.sq_length

The following fields cannot be set at all using Py Type_Spec and PyType_Slot:

tp_dict

tp_mro

tp_cache

tp_subclasses

tp_weaklist

tp_vectorcall

tp_weaklistoffset (see PyMemberDef)
tp_dictoffset (see PyMemberDef)

tp_vectorcall_offset (see PyMemberDef)

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid issues,
use the bases argument of Py Type FromSpecWithBases () instead.

AMaEe ot ékdoon 3.9: Slots in PyBuf ferProcs may be set in the unlimited API.

AMaEe oty ékdoon 3.11: bf _getbuffer and bf releasebuffer are now available under the
limited API.

void *PyType_Slot.pfunc

The desired value of the slot. In most cases, this is a pointer to a function.

Slots other than Py_ tp_doc may not be NULL.

8.1.2 The None Object

Note that the Py TypeOb ject for None is not directly exposed in the Python/C API. Since None is a singleton, testing
for object identity (using == in C) is sufficient. There is no PyNone_Check () function for the same reason.

PyObject *Py_None

The Python None object, denoting lack of value. This object has no methods. It needs to be treated just like any
other object with respect to reference counts.

Py_RETURN_NONE

Properly handle returning Py None from within a C function (that is, increment the reference count of None and

return it.)
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8.2 Numeric Objects

8.2.1 Integer Objects

All integers are implemented as «long» integer objects of arbitrary size.

On error, most PyLong_As* APIs return (return type) -1 which cannot be distinguished from a number. Use
PyErr_Occurred () to disambiguate.
type PyLongObject
Mépog tov Tlepropropévo AP (wg pia adiapavic katackevn). This subtype of PyOb ject represents a Python
integer object.
PyTypeObject PyLong_Type
Mépog tov Ztabepd ABL This instance of Py TypeOb ject represents the Python integer type. This is the same
object as int in the Python layer.
int PyLong_Check (PyObject *p)
Return true if its argumentis a PyLongOb ject orasubtype of PyLongOb ject. This function always succeeds.

int PyLong_CheckExact (PyObject *p)
Return true if its argument is a PyLongObject, but not a subtype of PyLongObject. This function always
succeeds.

PyObject *PyLong_FromLong (long v)
Emotpepduevn tun: New reference. Mépog tov 2taepd ABIL. Return a new PyLongObject object from v,

or NULL on failure.

The current implementation keeps an array of integer objects for all integers between —5 and 256. When you
create an int in that range you actually just get back a reference to the existing object.

PyObject *PyLong_FromUnsignedLong (unsigned long v)
Emotoepduevn tyun: New reference. Mépog tov Z1a.0epd ABIL Return a new PyLongOb ject object from a C
unsigned long, or NULL on failure.

PyObject *PyLong_FromSsize_t (Py_ssize_t V)
Emoroepduevy tiun: New reference. Méoog tov Zt00epd ABI. Return a new PyLongOb ject object from a C
Py_ssize_ t,or NULL on failure.

PyObject *PyLong_FromSize_t (size_t V)
Emotoepduevn tiun: New reference. Méoog tov Zt00epd ABI. Return a new PyLongOb ject object from a C
size_t, or NULL on failure.

PyObject *PyLong_FromLongLong (long long v)
Emotpepduevny tun: New reference. Mépog tov Ztalepd ABL Return a new PyLongOb ject object from a C
long long, or NULL on failure.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
Emotpepduevny tun: New reference. Mépog tov Ztalepd ABL Return a new PyLongOb ject object from a C
unsigned long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)

Emotoepduevn tun: New reference. Méoog tov 2tobepd ABI. Return a new PyLongOb ject object from the
integer part of v, or NULL on failure.
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PyObject *PyLong_FromString (const char *str, char **pend, int base)

Emotpepduevy turj: New reference. Mépog tov 210.0ep6d ABI. Return a new PyLongObject based on the
string value in str, which is interpreted according to the radix in base. If pend is non-NULL, *pend will point to the
first character in str which follows the representation of the number. If base is 0, str is interpreted using the integers
definition; in this case, leading zeros in a non-zero decimal number raises a ValueError. If base is not 0, it must
be between 2 and 36, inclusive. Leading spaces and single underscores after a base specifier and between digits
are ignored. If there are no digits, ValueError will be raised.

Agite emiong:

Python methods int.to_bytes () and int.from_bytes () to convert a PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyObject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
Emotoepduevn tun: New reference. Convert a sequence of Unicode digits in the string u to a Python integer value.
Néo otnv ¢kdoon 3.3.

PyObject *PyLong_FromVoidPtr (void *p)

Emotpepduevny tiun: New reference. Mépog tov 2t00ep6 ABI. Create a Python integer from the pointer p. The
pointer value can be retrieved from the resulting value using PyLong AsVoidPtr ().

long PyLong_AsLong (PyObject *obj)

Mépog tov Z100epd ABI. Return a C 1ong 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 1ong.
Returns —1 on error. Use PyErr_Occurred () to disambiguate.
AMoEe ot ékdoon 3.8: Use __index__ () if available.

AMEe oty £xdoon 3.10: This function will no longer use __int__ ().

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

Mépog tov Zt00ep6 ABIL Return a C 1ong 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 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 O and return —1 as usual.

Returns -1 on error. Use PyErr_Occurred () to disambiguate.

AMoEe oty ékdoomn 3.8: Use ___index__ () if available.

AlhaEe oty ékdoon 3.10: This function will no longer use __int__ ().
long long PyLong_AsLongLong (PyObject *0obj)

Mépog tov Zta0epd ABIL Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongOb ject.

Raise OverflowError if the value of obj is out of range for a 1ong long.
Returns —1 on error. Use PyErr._Occurred () to disambiguate.

AlhaEe oty ékdoon 3.8: Use __index__ () if available.

AMEe oty £xdoon 3.10: This function will no longer use __int__ ().

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)

Mépog tov Zt00epd ABL Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convertittoa PyLongObject.
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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 0 and return —1 as
usual.

Returns —1 on error. Use PyErr_Occurred () to disambiguate.

Néo otnv ¢€kdoom 3.2.

AMoEe oty éxdoon 3.8: Use __index__ () if available.

AlhaEe ot ékdoon 3.10: This function will no longer use __int__ ().

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

Mépog tov Ztabepd ABL Return a C Py_ssize_t representation of pylong. pylong must be an instance of
PyLongObject.

Raise OverflowError if the value of pylong is out of range fora Py_ssize t.
Returns -1 on error. Use PyErr_Occurred () to disambiguate.

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

Mépog tov Ztabepd ABL Return a C unsigned 1long representation of pylong. pylong must be an instance of
PyLongObject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.
Returns (unsigned long) -1 onerror. Use PyErr_ Occurred () to disambiguate.

size_t PyLong_AsSize_t (PyObject *pylong)

Mépog tov Zt00epd ABIL Return a C size_t representation of pylong. pylong must be an instance of
PyLongObiject.

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)

Mépog tov Ztabepd ABL Return a C unsigned long long representation of pylong. pylong must be an
instance of PyL,ongObject.

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.
AMEe oty £xdoon 3.1: A negative pylong now raises OverflowError, not TypeError.

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)

Mépog tov Ztabepd ABI Return a C unsigned long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convertittoa 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.
AlhaEe oty ékdoon 3.8: Use ___index__ () if available.
AlhaEe oty ékdoon 3.10: This function will no longer use __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
Mépog tov Ztabepd ABI Return a C unsigned long long representation of obj. If obj is not an instance
of PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.
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Returns (unsigned long long) -1 onerror. Use PyErr Occurred () to disambiguate.
AMoEe oty éxdoon 3.8: Use __index__ () if available.
AlhaEe ot ékdoon 3.10: This function will no longer use __int__ ().

double PyLong_AsDouble (PyObject *pylong)

Mépog tov Ztobepd ABL 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)

Mépog tov Zt0.0gp6 ABI. Convert a Python integer pylong to a C vo1id pointer. If pylong cannot be converted, an
OverflowError will be raised. This is only assured to produce a usable void pointer for values created with
PyLong_FromVoidPtr ().

Returns NULL on error. Use PyErr_Occurred () to disambiguate.

8.2.2 Boolean Objects

Booleans in Python are implemented as a subclass of integers. There are only two booleans, Py_False and Py_True.
As such, the normal creation and deletion functions don’t apply to booleans. The following macros are available, however.

PyTypeObject PyBool_Type

Mépog tov Ztabepd ABI. This instance of Py TypeOb ject represents the Python boolean type; it is the same
object as bool in the Python layer.

int PyBool_Check (PyObject *0)
Return true if o is of type PyBool_ Type. This function always succeeds.
PyObject *Py_False

The Python False object. This object has no methods. It needs to be treated just like any other object with respect
to reference counts.

PyObject *Py_True

The Python True object. This object has no methods. It needs to be treated just like any other object with respect
to reference counts.

Py_RETURN_FALSE

Return Py_False from a function, properly incrementing its reference count.
Py_RETURN_TRUE

Return Py_ True from a function, properly incrementing its reference count.
PyObject *PyBool_FromLong (long v)

Emoroepduevny wui): New reference. Mépog tov 2talepd ABI Return a new reference to Py_True or
Py_False depending on the truth value of v.
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8.2.3 Floating Point Objects

type PyFloatObject
This subtype of PyObject represents a Python floating point object.
PyTypeObject PyFloat_Type

Mépog tov Z100epd ABL This instance of Py TypeObject represents the Python floating point type. This is
the same object as £1oat in the Python layer.

int PyFloat_Check (PyObject *p)

Return true if its argument is a PyFloatObject or a subtype of PyFloatObject. This function always
succeeds.

int PyFloat_CheckExact (PyObject *p)

Return true if its argument isa PyFloatOb ject, but not a subtype of PyF1oatOb ject. This function always
succeeds.

PyObject *PyFloat_FromString (PyObject *str)

Emotpepduevny tun: New reference. Mépog tov Z100ep0 ABI. Create a PyFloatObject object based on the
string value in str, or NULL on failure.

PyObject *PyFloat_FromDouble (double v)

Emotpepduevn tur): New reference. Mépog tov Ztabepd ABIL Create a PyFloatObject object from v, or
NULL on failure.

double PyFloat_AsDouble (PyObject *pyfloat)

Mépog tov Ztabepd ABL Return a C doub1e representation of the contents of pyfloat. If pyfloat is not a Python
floating point object but hasa ___float__ () method, this method will first be called to convert pyfloat into a
float. If __ float__ () is not defined then it falls back to __index__ (). This method returns —1 .0 upon
failure, so one should call PyErr Occurred () to check for errors.

AMoEe oty éxdoon 3.8: Use __index__ () if available.
double PyFloat_AS_DOUBLE (PyObject *pyfloat)
Return a C double representation of the contents of pyfloat, but without error checking.

PyObject *PyFloat_GetInfo (void)

Emotpepduevy wur): New reference. Mépog tov Ztabepd ABL Return a structseq instance which contains
information about the precision, minimum and maximum values of a float. It’s a thin wrapper around the header
file float .h.

double PyFloat_GetMax ()
Mépog tov Zt00epd ABI. Return the maximum representable finite float DBL_MAX as C double.

double PyFloat_GetMin ()
Mépog tov Zt00epd ABI. Return the minimum normalized positive float DBL_MIN as C double.
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Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point values as byte strings.
The Pack routines produce a bytes string from a C double, and the Unpack routines produce a C double from such
a bytes string. The suffix (2, 4 or 8) specifies the number of bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other platforms, the 2-byte
format is identical to the IEEE 754 binary16 half-precision format, the 4-byte format (32-bit) is identical to the IEEE
754 binary32 single precision format, and the 8-byte format to the IEEE 754 binary64 double precision format, although
the packing of INFs and NaNs (if such things exist on the platform) isn’t handled correctly, and attempting to unpack a
bytes string containing an IEEE INF or NaN will raise an exception.

On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not all values can be
packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all values can be unpacked. What
happens in such cases is partly accidental (alas).

Néo omv éxdoomn 3.11.

Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the bytes string in
little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian format (exponent first, at p).
The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor, or O on
little endian processor.

Return value: 0 if all is OK, -1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:

o What this does is undefined if x is a NaN or infinity.

e —0.0 and +0 . 0 produce the same bytes string.

int PyFloat_Pack2 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary16 half-precision format.

int PyFloat_Pack4 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary64 double precision format.

Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes string is in little-endian
format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent first, at p). The PY_BIG_ENDIAN
constant can be used to use the native endian: it is equal to 1 on big endian processor, or 0 on little endian processor.

Return value: The unpacked double. On error, thisis —1 .0 and PyErr_ Occurred () is true (and an exception is set,
most likely OverflowError).

Note that on a non-IEEE platform this will refuse to unpack a bytes string that represents a NaN or infinity.

double PyFloat_Unpack2 (const unsigned char *p, int le)
Unpack the IEEE 754 binary16 half-precision format as a C double.
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double PyFloat_Unpack4 (const unsigned char *p, int le)
Unpack the IEEE 754 binary32 single precision format as a C double.

double PyFloat_Unpacks8 (const unsigned char *p, int le)
Unpack the IEEE 754 binary64 double precision format as a C double.

8.2.4 Complex Number Objects

Python’s complex number objects are implemented as two distinct types when viewed from the C API: one is the Python
object exposed to Python programs, and the other is a C structure which represents the actual complex number value.
The API provides functions for working with both.

Complex Numbers as C Structures

Note that the functions which accept these structures as parameters and return them as results do so by value rather than
dereferencing them through pointers. This is consistent throughout the API.

type Py_complex

The C structure which corresponds to the value portion of a Python complex number object. Most of the functions
for dealing with complex number objects use structures of this type as input or output values, as appropriate. It is
defined as:

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

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

Return the sum of two complex numbers, using the C Py_ comp 1 ex representation.

Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)

Return the difference between two complex numbers, using the C Py_ comp 1 ex representation.

Py_complex _Py_c_neg (Py_complex num)

Return the negation of the complex number num, using the C Py_ comp 1 ex representation.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)

Return the product of two complex numbers, using the C Py_ comp1ex representation.

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
Return the quotient of two complex numbers, using the C Py_ comp1ex representation.

If divisor is null, this method returns zero and sets errno to EDOM.

Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
Return the exponentiation of num by exp, using the C Py comp I ex representation.

If num is null and exp is not a positive real number, this method returns zero and sets errno to EDOM.
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Complex Numbers as Python Objects

type PyComplexObject
This subtype of PyOb ject represents a Python complex number object.
PyTypeObject PyComplex_Type
Mépog tov Zt00ep6 ABL This instance of Py TypeOb ject represents the Python complex number type. It is
the same object as complex in the Python layer.
int PyComplex_Check (PyObject *p)
Return true if its argument is a PyComplexObject or asubtype of PyComplexObject. This function always
succeeds.
int PyComplex_CheckExact (PyObject *p)
Return true if its argument is a PyComplexObject, but not a subtype of PyComplexObject. This function
always succeeds.
PyObject *PyComplex_FromCComplex (Py_complex v)
Emotoepduevn tur): New reference. Create a new Python complex number object from a C Py compex value.
PyObject *PyComplex_FromDoubles (double real, double imag)
Emoroepduevn tiun: New reference. Mépog tov Zt00epd ABI. Return a new PyComplexOb ject object from
real and imag.
double PyComplex_RealAsDouble (PyObject *op)
Mépog tov Z100epd ABI. Return the real part of op as a C double.

double PyComplex_ImagAsDouble (PyObject *op)
Mépog tov Z100epd ABI. Return the imaginary part of op as a C double.
Py_complex PyComplex_AsCComplex (PyObject *op)

Return the Py_ complex value of the complex number op.

If op is not a Python complex number object but has a __complex__ () method, this method will first be
called to convert op to a Python complex number object. If __complex__ () is not defined then it falls back
to__float_ ().If _ float__ () is not defined then it falls back to __index__ (). Upon failure, this

method returns —1 . O as a real value.

AMoEe ot ékdoon 3.8: Use __index__ () if available.

8.3 Sequence Objects

Generic operations on sequence objects were discussed in the previous chapter; this section deals with the specific kinds
of sequence objects that are intrinsic to the Python language.
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8.3.1 Bytes Objects

These functions raise TypeError when expecting a bytes parameter and called with a non-bytes parameter.

type PyBytesObject
This subtype of PyOb ject represents a Python bytes object.

PyTypeObject PyBytes_Type
Mépog tov Zta0epd ABI. This instance of PyTypeObject represents the Python bytes type; it is the same
object as bytes in the Python layer.

int PyBytes_Check (PyObject *0)
Return true if the object o is a bytes object or an instance of a subtype of the bytes type. This function always
succeeds.

int PyBytes_CheckExact (PyObject *0)
Return true if the object o is a bytes object, but not an instance of a subtype of the bytes type. This function always
succeeds.

PyObject *PyBytes_FromString (const char *v)
Emotpepduevn un: New reference. Mépog tov 2ta0epd ABI. Return a new bytes object with a copy of the string
v as value on success, and NULL on failure. The parameter v must not be NULL; it will not be checked.

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)

Emotoepduevn tun: New reference. Méoog tov 2t00epd ABI. Return a new bytes object with a copy of the
string v as value and length len on success, and NULL on failure. If v is NULL, the contents of the bytes object are
uninitialized.

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

Emotpepduevny tiun: New reference. Mépog tov 2100ep6d ABL Take a C print £ () -style format string and a
variable number of arguments, calculate the size of the resulting Python bytes object and return a bytes object with
the values formatted into it. The variable arguments must be C types and must correspond exactly to the format
characters in the format string. The following format characters are allowed:

| Format Characters | Type | Comment |

% n/a The literal % character.

%c int A single byte, represented as a C int.

%d int Equivalent to printf ("$d") )

su unsigned int Equivalent to print £ ("su").!

$1d long Equivalent to printf ("$1d").!

$1lu unsigned long Equivalent to printf ("$1u").!

$zd Py_ssize_t | Equivalentto printf ("$zd").!

$zu size_t Equivalent to print £ ("$zu").!

$i int Equivalent to print £ ("$i").!

gx int Equivalent to print £ ("$x").!

%s const char* A null-terminated C character array.

P const void* The hex representation of a C pointer. Mostly equivalent to
printf ("$p") except that it is guaranteed to start with the
literal Ox regardless of what the platform’s print f yields.

An unrecognized format character causes all the rest of the format string to be copied as-is to the result object, and
any extra arguments discarded.

! For integer specifiers (d, u, 1d, lu, zd, zu, i, x): the O-conversion flag has effect even when a precision is given.
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PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
Emotpepduevny tyui): New reference. Méoog tov Zt0.0gp6 ABI. Identical to PyBytes_FromFormat () except
that it takes exactly two arguments.

PyObject *PyBytes_FromObject (PyObject *0)
Emotpepduevny tiun: New reference. Méoog tov 210.0ep0d ABL Return the bytes representation of object o that
implements the buffer protocol.

Py_ssize_t PyBytes_Size (PyObject *0)
Méopog tov Zt00epd ABI. Return the length of the bytes in bytes object o.

Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
Similar to PyBytes_Size (), but without error checking.

char *PyBytes_AsString (PyObject *0)

Mépog tov 2t00epd ABI Return a pointer to the contents of o. The pointer refers to the internal buffer of o,
which consists of 1en (o) + 1 bytes. The last byte in the buffer is always null, regardless of whether there
are any other null bytes. The data must not be modified in any way, unless the object was just created using
PyBytes_FromStringAndSize (NULL, size). It must not be deallocated. If o is not a bytes object at
all, PyBytes_AsString () returns NULL and raises TypeError.

char *PyBytes_AS_STRING (PyObject *string)
Similar to PyBytes_AsString (), but without error checking.
int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)

Mépog tov Zta.0epd ABI. Return the null-terminated contents of the object obj through the output variables buffer
and length. Returns 0 on success.

If length is NULL, the bytes object may not contain embedded null bytes; if it does, the function returns —1 and a
ValueError is raised.

The buffer refers to an internal buffer of obj, which includes an additional null byte at the end (not
counted in length). The data must not be modified in any way, unless the object was just created using
PyBytes_FromStringAndSize (NULL, size). It must not be deallocated. If 0bj is not a bytes object
atall, PyBytes_ AsStringAndSize () returns —1 and raises TypeError.

AMoEe otnv €kdoon 3.5: Previously, TypeError was raised when embedded null bytes were encountered in
the bytes object.

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Mépog tov Ztabepd ABL Create a new bytes object in *bytes containing the contents of newpart appended to
bytes; the caller will own the new reference. The reference to the old value of bytes will be stolen. If the new object

cannot be created, the old reference to bytes will still be discarded and the value of *bytes will be set to NULL; the
appropriate exception will be set.

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

Mépog tov Zt00epd ABI. Create a new bytes object in *byfes containing the contents of newpart appended to
bytes. This version releases the strong reference to newpart (i.e. decrements its reference count).

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
A way to resize a bytes object even though it is «immutable». Only use this to build up a brand new bytes object;
don’t use this if the bytes may already be known in other parts of the code. It is an error to call this function if
the refcount on the input bytes object is not one. Pass the address of an existing bytes object as an lvalue (it may
be written into), and the new size desired. On success, *byfes holds the resized bytes object and 0 is returned;

the address in *byfes may differ from its input value. If the reallocation fails, the original bytes object at *bytes is
deallocated, *bytes is set to NULL, MemoryError is set, and —1 is returned.
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8.3.2 Byte Array Objects

type PyByteArrayObject
This subtype of PyOb ject represents a Python bytearray object.
PyTypeObject PyByteArray_ Type

Mépog tov 2Zt00epd ABL This instance of Py TypeOb ject represents the Python bytearray type; it is the same
object as bytearray in the Python layer.

Type check macros

int PyByteArray_Check (PyObject *0)

Return true if the object o is a bytearray object or an instance of a subtype of the bytearray type. This function
always succeeds.

int PyByteArray_ CheckExact (PyObject *0)

Return true if the object o is a bytearray object, but not an instance of a subtype of the bytearray type. This function
always succeeds.

Direct API functions

PyObject *PyByteArray_FromObject (PyObject *0)

Emotpepduevn tiun: New reference. Méoog tov 210.0ep6 ABIL Return a new bytearray object from any object,
o, that implements the buffer protocol.

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)

Emotoepduevy tiun: New reference. Méoog tov Zt00epd ABI. Create a new bytearray object from string and its
length, len. On failure, NULL is returned.

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)

Emotpepduevy tun: New reference. Méoog tov 2to0epd ABIL Concat bytearrays a and b and return a new
bytearray with the result.

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Mépog tov Zt00epd ABI. Return the size of bytearray after checking for a NULL pointer.
char *PyByteArray_AsString (PyObject *bytearray)

Mépog tov Zta.0epd ABI. Return the contents of byfearray as a char array after checking for a NULL pointer. The
returned array always has an extra null byte appended.

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Mépog tov Z100epd ABI. Resize the internal buffer of bytearray to len.

Macros

These macros trade safety for speed and they don’t check pointers.
char *PyByteArray_AS_STRING (PyObject *bytearray)

Similar to PyByteArray_ AsString (), but without error checking.
Py_ssize_t PyByteArray_GET_SIZE (PyObject *bytearray)

Similar to PyByteArray_Size (), but without error checking.
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8.3.3 Unicode Objects and Codecs

Unicode Objects

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.

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.

o «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 AP

Inueiwon: 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 Type

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

type Py_UCS4

type Py_UCS2

type Py_UCS1
Mépog tov Zta0epbd ABI 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.
Néo omnv ékdoom 3.3.

type Py_UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.
AlaEe ot ékdoon 3.3: 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

type PyUnicodeObject
These subtypes of PyOb ject 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.
Néo otnv é€kdoom 3.3.

PyTypeObject PyUnicode_Type

Mépog tov Zt00epd ABI. This instance of Py TypeOb ject represents the Python Unicode type. It is exposed
to Python code as str.
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The following APIs are C macros and static inlined functions for fast checks and access to internal read-only data of
Unicode objects:

int PyUnicode_Check (PyObject *obj)

Return true if the object obj is a Unicode object or an instance of a Unicode subtype. This function always succeeds.
int PyUnicode_CheckExact (PyObject *obj)

Return true if the object obj is a Unicode object, but not an instance of a subtype. This function always succeeds.
int PyUnicode_READY (PyObject *unicode)

Ensure the string object o is in the «canonical» representation. This is required before using any of the access
macros described below.

Returns 0 on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

Néo oty éxdoon 3.3.

KatopyhOnke omv éxdoon 3.10, 0o agopedel omv ékdoon 3.12: This API will be removed with
PyUnicode_FromUnicode ().

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *unicode)
Return the length of the Unicode string, in code points. unicode has to be a Unicode object in the «canonical»
representation (not checked).
Néo otnv €kdoon 3.3.

Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)

Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *unicode)

Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *unicode)

Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct
character 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.

Néo otnv ¢kdoom 3.3.
PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
Return values of the PyUnicode KIND () macro.
Néo otnv ¢€kdoom 3.3.
Katapyhonke otv ékdoon 3.10, Bo aparpedei oty ékdoon 3.12: PyUnicode WCHAR_KIND is deprecated.
int PyUnicode_KIND (PyObject *unicode)

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

Néo otnv €kdoon 3.3.

void *PyUnicode_DATA (PyObject *unicode)

Return a void pointer to the raw Unicode buffer. unicode has to be a Unicode object in the «canonical»
representation (not checked).

Néo oty éxdoon 3.3.
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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 function performs no
sanity checks, and is intended for usage in loops. The caller should cache the kind value and data pointer as obtained
from other 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.

Néo otnv ¢€kdoom 3.3.

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.

Néo otnv €kdoon 3.3.

Py_UCS4 PyUnicode_READ_CHAR (PyObject *unicode, Py_ssize_t index)
Read a character from a Unicode object unicode, which must be in the «canonical» representation. This is less
efficient than PyUnicode_READ () if you do multiple consecutive reads.

Néo otnv €kdoon 3.3.

Py_UCS4 PyUnicode_MAX_CHAR_VALUE (PyObject *unicode)
Return the maximum code point that is suitable for creating another string based on unicode, which must be in the
«canonical» representation. This is always an approximation but more efficient than iterating over the string.

Néo otnv ékdoom 3.3.

Py_ssize_t PyUnicode_GET_SIZE (PyObject *unicode)
Return the size of the deprecated Py UNICODE representation, in code units (this includes surrogate pairs as 2
units). unicode has to be a Unicode object (not checked).

Katapyndnke oty ékdoon 3.3, Oa agarpedei otnv ékdoon 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode GET _LENGTH().

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *unicode)
Return the size of the deprecated Py_ UNICODE representation in bytes. unicode has to be a Unicode object (not
checked).

Kotapynnke omv ékdoon 3.3, Oa aqparpedel oty €ékdoomn 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode_ GET _LENGTH().

Py_UNICODE *PyUnicode_AS_UNICODE (PyObject *unicode)
const char *PyUnicode_AS_DATA (PyObject *unicode)

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 unicode argument
has to be a Unicode object (not checked).

AMoEe omv éxdoomn 3.3: This function is now inefficient — because in many cases the Py_UNICODE
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 ().

Kotapynnke omv €kdoon 3.3, Oa agparpedel oty €kdoomn 3.12: Part of the old-style Unicode API, please
migrate to using the PyUnicode_nBYTE_DATA () family of macros.

int PyUnicode_IsIdentifier (PyObject *unicode)

Mépog tov Ztabepd ABI Return 1 if the string is a valid identifier according to the language definition, section
identifiers. Return O otherwise.

AlhaEe oty ékdoon 3.9: The function does not call Py_FatalError () anymore if the string is not ready.
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Unicode Character Properties

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 UCS4 ch)

Return 1 or 0 depending on whether ch is a whitespace character.
int Py_UNICODE_ISLOWER (Py UCS4 ch)

Return 1 or 0 depending on whether c/ is a lowercase character.
int Py_UNICODE_ISUPPER (Py UCS4 ch)

Return 1 or 0 depending on whether c/ is an uppercase character.
int Py_UNICODE_ISTITLE (Py_UCS4 ch)

Return 1 or 0 depending on whether c# is a titlecase character.
int Py_ UNICODE_ISLINEBREAK (Py_UCS4 ch)

Return 1 or 0 depending on whether c# is a linebreak character.
int Py_UNICODE_ISDECIMAL (Py UCS4 ch)

Return 1 or 0 depending on whether ch is a decimal character.
int Py_UNICODE_ISDIGIT (Py UCS4 ch)

Return 1 or 0 depending on whether c# is a digit character.
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)

Return 1 or 0 depending on whether c# is a numeric character.
int Py_UNICODE_ISALPHA (Py UCS4 ch)

Return 1 or 0 depending on whether ch is an alphabetic character.
int Py_UNICODE_ISALNUM (Py UCS4 ch)

Return 1 or 0 depending on whether ch is an alphanumeric character.

int Py_UNICODE_ISPRINTABLE (Py_UCS4 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_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
Return the character ch converted to lower case.

AmootpOnke otnv £€kdoon 3.3: This function uses simple case mappings.

Py_UCS4 Py_UNICODE_TOUPPER (Py UCS4 ch)
Return the character ch converted to upper case.

AmoovpOnke otnv £€kdoon 3.3: This function uses simple case mappings.

Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)

Return the character ch converted to title case.

AmooupOnke otnv £kdoon 3.3: This function uses simple case mappings.
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int Py UNICODE_TODECIMAL (Py_UCS4 ch)
Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro does
not raise exceptions.

int Py_UNICODE_TODIGIT (Py_UCS4 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 UCS4 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 <= OxDFFF).

Py_UNICODE_IS_HIGH_SURROGATE (ch)
Check if ch is a high surrogate (0xD800 <= ch <= OxDBFF).

Py _UNICODE_IS_LOW_SURROGATE (ch)
Check if ch is a low surrogate (0xDCO0 <= ch <= OxDFFF).

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)

Emotpepduevny tyur): New reference. Create a new Unicode object. maxchar should be the true maximum code
point to be placed in the string. As an approximation, it can be rounded up to the nearest value in the sequence
127, 255, 65535, 1114111.

This is the recommended way to allocate a new Unicode object. Objects created using this function are not resizable.
Néo otnv é€kdoom 3.3.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Emotoepduevny nun: New reference. Create a new Unicode object with the given kind (possible values are
PyUnicode_1BYTE_KIND etc., as returned by PyUnicode_KIND ()). The buffer must point to an array
of size units of 1, 2 or 4 bytes per character, as given by the kind.

If necessary, the input buffer is copied and transformed into the canonical representation. For example, if the buffer
is a UCS4 string (PyUnicode_4BYTE_KIND) and it consists only of codepoints in the UCS1 range, it will be
transformed into UCS1 (PyUnicode_1BYTE_KIND).

Néo otnv ¢€kdoom 3.3.

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_t size)

Emoroepduevn tiun: New reference. Mépog tov 2t00ep6d ABI. Create a Unicode object from the char buffer str.
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 str is NULL, this function behaves like PyUnicode FromUnicode () with the buffer set to NULL. This
usage is deprecated in favor of PyUnicode_New (), and will be removed in Python 3.12.
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PyObject *PyUnicode_FromString (const char *str)

Emotpepduevny tur: New reference. Mépog tov Zta0epd ABI Create a Unicode object from a UTF-8 encoded
null-terminated char buffer str.

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

Emotpepduevny tiun: New reference. Méoog tov 2100ep0 ABL Take a C print £ () -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:

| Format Characters | Type | Comment

%% n/a The literal % character.

%c int A single character, represented as a Cint.

$d int Equivalent to print £ (" c’/d")

$u unsigned int Equivalent to print £ (" LR

$1d long Equivalent to printf (" %l ar.!

%11 long Equivalent to printf ("$1i my !

$1lu unsigned long Equivalent to printf ("$1u").!

$11d long long Equivalent to printf ("$11d").!

$11i long long Equivalent to printf ("$11i").!

$1llu unsigned long long Equivalent to printf ("$11u").!

$zd Py ssize t Equivalent to printf ("$zd ).]

%z1 Py _ssize_ t Equivalent to printf ("%$zi 79 &

Szu size_t Equivalent to print £ ("$zu").'

%1 int Equivalent to print £ ("$i").!

$x int Equivalent to print £ ("$x").!

%s const char* A null-terminated C character array.

$p const void* The hex representation of a C pointer. Mostly equivalent to
printf ("$p") except that it is guaranteed to start with
the literal 0x regardless of what the platform’s print £
yields.

$A PyObject* The result of calling ascii ().

$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 PyOb ject_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.

Inueiwon: 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
"SAM, "SU", "$S", "$R" and "$V" (if the PyObject * argument is not NULL).

AMoEe ot ékdoom 3.2: Support for "$11d" and "$11u" added.
AMEe oty £xdoon 3.3: Support for "$1i", "$11i" and "%zi" added.

! For integer specifiers (d, u, 1d, 1i, 1u, 11d, 11i, 1lu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.
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AMoEe oty ékdoon 3.4: Support width and precision formatter for "$s", "$A", "$U", "$V", "$S", "$R"
added.

PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)

Emotpepduevny tiun: New reference. Mépog tov 2t00epd ABL Identical to PyUnicode_ FromFormat ()
except that it takes exactly two arguments.

PyObject *PyUnicode_FromObject (PyObject *obj)

Emotpepduevn tun: New reference. Méoog tov Zta0epd ABIL Copy an instance of a Unicode subtype to a new
true Unicode object if necessary. If obj is already a true Unicode object (not a subtype), return a new strong reference
to the object.

Objects other than Unicode or its subtypes will cause a TypeError.

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

Emotoepduevn tiun: New reference. Mépog tov Zt00ep6 ABIL Decode an encoded object obj to a Unicode object.

bytes, bytearray and other bytes-like objects are decoded according to the given encoding and using the error
handling defined by errors. Both can be NULL to have the interface use the default values (see Built-in Codecs for
details).

All other objects, including Unicode objects, cause a TypeError to be set.

The API returns NULL if there was an error. The caller is responsible for decref’ing the returned objects.
Py_ssize_t PyUnicode_GetLength (PyObject *unicode)

Mépog tov Zt00epd ABI amd v ékdoon 3.7. Return the length of the Unicode object, in code points.

Néo omnv ékdoom 3.3.

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.

Néo oty éxdoon 3.3.

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.
Néo otnv ¢kdoom 3.3.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)

Méopog tov Zt00epd ABI amd v ékdoon 3.7. 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).

Néo oty éxdoon 3.3.

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

Mépog tov Z100epd ABI antd v ékdoon 3.7. 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 PyUnicode_READ_CHAR (), which performs
no error checking.
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Néo otv ¢kdoom 3.3.

PyObject *PyUnicode_Substring (PyObject *unicode, Py_ssize_t start, Py_ssize_t end)
Emoroepduevn tun: New reference. Mépog tov Zt0.0epd ABI anid v ékdoon 3.7. Return a substring of unicode,
from character index start (included) to character index end (excluded). Negative indices are not supported.

Néo otnv €kdoon 3.3.

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *unicode, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)

Mépog tov Zt0abepd ABI amd v ékdoon 3.7. Copy the string unicode 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 unicode). buffer is returned on success.

Néo otnv €kdoon 3.3.

Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)
Mépog tov Ztabepd ABI amd v ékdoon 3.7. Copy the string unicode 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.

Néo otnv €kdoon 3.3.

Deprecated Py_UNICODE APIs

Kartapynnke oty ékdoon 3.3, Oa agparpedel oty €xdoon 3.12.

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)
Emotoepduevn tun: New reference. Create a Unicode object from the Py_UNICODE buffer u of the given size.

u may be NULL which causes the contents to be undefined. It is the user’s responsibility to fill in the needed data.
The buffer is copied into the new object.

If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the resulting Unicode
object is only allowed when u is NULL.

If the buffer is NULL, PyUnicode READY () must be called once the string content has been filled before using
any of the access macros such as PyUnicode KIND ().

Kotapynnke omv éxdoon 3.3, 0o apapebel oty éxdoon 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.

Kotapynnke omv ékdoon 3.3, Oa agparpedel otnv €ékdoon 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or
similar new APIs.

Py_UNICODE *PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)

Like PyUnicode_AsUnicode (), but also saves the Py_ UNTCODE () 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.
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Néo otv ¢kdoom 3.3.

Katapyndnke oty ékdoon 3.3, Oa agarpedei otnv ékdoon 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)

Mépog tov 2Zt00epd ABL Return the size of the deprecated Py_UNICODE representation, in code units (this
includes surrogate pairs as 2 units).

KatapynOnke oty ékdoomn 3.3, 0o aporpedel otv éxdoon 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode_ GET _LENGTH().

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 length, const char *errors)

Emotoepduevn tut): New reference. Méoog tov 2100ep0 ABI atd thv ékdoon 3.7. Decode a string from UTF-8
on Android and VxWorks, or from the current locale encoding on other platforms. The supported error handlers
are "strict" and "surrogateescape" (PEP 383). The decoder uses "strict" error handler if errors
is NULL. str must end with a null character but cannot contain embedded null characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 Mode.
Agite gmiong:

The Py _DecodeLocale () function.

Néo otnv €kdoon 3.3.

AlhaEe oty £€xdoon 3.7: The function now also uses the current locale encoding for the surrogateescape
error handler, except on Android. Previously, Py_DecodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)

Emotpepduevy tur: New reference. Méoog tov Zt00epd ABI amdé v éxdoon 3.7. Similar to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen ().

Néo otv ¢€kdoom 3.3.

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Emortpepduevny ui): New reference. Méoog tov 2talepd ABI and v ékdoon 3.7. Encode a Unicode object
to UTF-8 on Android and VxWorks, or to the current locale encoding on other platforms. The supported error
handlers are "strict" and "surrogateescape" (PEP 383). The encoder uses "strict" error handler
if errors is NULL. Return a bytes object. unicode cannot contain embedded null characters.

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding (the
locale encoding read at Python startup).

This function ignores the Python UTF-8 Mode.
Agite emiong:
The Py_EncodeLocale () function.

Néo otnv ékdoom 3.3.
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AMoEe oty €ékdoon 3.7: The function now also uses the current locale encoding for the surrogateescape
error handler, except on Android. Previously, Py_EncodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.

File System Encoding

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should be
used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler (PEP 383
and PEP 529). To encode file names to bytes during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject *obj, void *result)

Mépog tov Ztabepd ABL ParseTuple converter: encode str objects — obtained directly or through the os.
PathLike interface -tobytes using PyUnicode_EncodeFSDefault ();bytes objects are output as-is.
result must be a PyBytesObject* which must be released when it is no longer used.

Néo otnv ¢€kdoom 3.1.
AMoEe oty £xdoon 3.6: Accepts a path-like object.

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)

Mépog tov Zt00ep0d ABIL ParseTuple converter: decode bytes objects — obtained either directly or indirectly
through the os.PathLike interface - to str using PyUnicode_DecodeFSDefaultAndSize (); str
objects are output as-is. result must be a PyUnicodeOb ject* which must be released when it is no longer used.

Néo otv éxdoom 3.2.
AlaEe oty ékdoon 3.6: Accepts a path-like object.

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize_f size)

Emotpepduevny tunj: New reference. Méoog tov Zt00ep6 ABI. Decode a string from the filesystem encoding and
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
cannot be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().

Agite emiong:
The Py_DecodeLocale () function.
AlhaEe oty ékdoon 3.6: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_DecodeFSDefault (const char *str)

Emotpepduevny tiun: New reference. Mépog tov 2t0.0ep6 ABI. Decode a null-terminated string from the filesystem
encoding and error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.

AlaEe oty ékdoon 3.6: Use Py_FileSystemDefaultEncodeErrors error handler.
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PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

Emotoepduevy wun: New reference. Mépog tov Zto0epd ABIL  Encode a Unicode object to
Py_FileSystemDefaultEncoding with the Py_FileSystemDefaultEncodeErrors error
handler, and return bytes. Note that the resulting bytes object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding isinitialized 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 ().

Agite emiong:
The Py_EncodeLocale () function.
Néo otnv ékdoon 3.2.

AMoEe ot ékdoon 3.6: Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t Support

wchar_t support for platforms which support it:

PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_t size)

Emotpepduevny tur: New reference. Méoog tov Ztafepd ABL Create a Unicode object from the wchar_t
buffer wstr of the given size. Passing —1 as the size indicates that the function must itself compute the length, using
wcslen (). Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *wstr, Py_ssize_t size)
Mépog tov Zta0epd ABL Copy the Unicode object contents into the wchar_t buffer wstr. At most sizewchar_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.

When wstr is NULL, instead return the size that would be required to store all of unicode including a terminating
null.

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)

Mépog tov Zt00epd ABI amd v ékdoon 3.7. 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_New (use PyMem_Free () to free it) on success. On error, returns NULL
and *size is undefined. Raises a MemoryError if memory allocation is failed.

Néo otnv ¢€kdoom 3.2.

AMoEe oty €xdoon 3.7: Raises a ValueError if size is NULL and the wchar_t* string contains null
characters.
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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 st r () string object constructor.

Setting encoding to NULL causes the default encoding to be used which is UTF-8. The file system
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 deviations from the following generic ones are documented for simplicity.

Generic Codecs

These are the generic codec APIs:

PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)

Emotpepduevny tiun: New reference. Mépog tov Zta0epod ABI. Create a Unicode object by decoding size bytes
of the encoded string str. encoding and errors have the same meaning as the parameters of the same name in the
str () built-in function. The codec to be used is looked up using the Python codec registry. Return NULL if an
exception was raised by the codec.

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)

Emotoepduevny tiur): New reference. Méoog tov Ztafepd ABL 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.

UTF-8 Codecs

These are the UTF-8 codec APIs:

PyObject *PyUnicode_DecodeUTF8 (const char *str, Py_ssize_t size, const char *errors)

Emotpepduevny tiun: New reference. Mépog tov Zta0gp6d ABI. Create a Unicode object by decoding size bytes
of the UTF-8 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py_ssize_f size, const char *errors, Py_ssize_t
*consumed)
Emotoepduevy wui): New reference. Méoogc tov Zt00epd ABL 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)

Emotpepduevn tui): New reference. Mépog tov 2t00epd ABI. 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.
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const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)

Mépog tov Ztabepd ABI and v ékdoon 3.10. 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. The buffer is deallocated and pointers
to it become invalid when the Unicode object is garbage collected.

Néo otnv ¢kdoom 3.3.
AMaEe oty ékdoon 3.7: The return type is now const char * rather of char *.
AMoEe oty £xdoon 3.10: This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
As PyUnicode_AsUTF8AndSize (), but does not store the size.

Néo otv éxdoom 3.3.

AMoEe otnv ékdoon 3.7: The return type is now const char * rather of char *.

UTF-32 Codecs

These are the UTF-32 codec APIs:

PyObject *PyUnicode_DecodeUTF32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

Emotpepduevny tut): New reference. Mépog tov 2ta0epd ABIL. 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: Dbig endian

If *byteorder is zero, and the first four bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorderis -1 or
1, any byte order mark is copied to the output.

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

Emotoepduevy wui): New reference. Méooc tov Zt00epd ABL If consumed is NULL, behave like
PyUnicode_DecodeUTF32 ().If consumedisnot NULL, PyUnicode DecodeUTF32Staterful () 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.
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PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
Emotpepduevny tur): New reference. Mépog tov 2t00epd ABL 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.

UTF-16 Codecs

These are the UTF-16 codec APIs:

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

Emotpepduevn tuij: New reference. Méoog tov Ztabepd ABIL 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: big 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, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_DecodeUTF1l6Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

Emotpepduevy tur): New reference. Mépog tov 2to0epd ABL If consumed is NULL, behave like
PyUnicode_DecodeUTF16 ().If consumedisnot 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)
Emoroepduevn tut): New reference. Mépog tov 2ta0epd ABI. 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.

UTF-7 Codecs

These are the UTF-7 codec APlIs:

PyObject *PyUnicode_DecodeUTF 7 (const char *str, Py_ssize_t size, const char *errors)

Emoroepduevny tui): New reference. Mépog tov 2t00epd ABL Create a Unicode object by decoding size bytes
of the UTF-7 encoded string sfr. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py_ssize_t size, const char *errors, Py_ssize_t
*consumed)

Emotpepduevy tur): New reference. Mépog tov Zto0epd ABL If consumed is NULL, behave like
PyUnicode_DecodeUTE7 (). 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.
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Unicode-Escape Codecs

These are the «Unicode Escape» codec APIs:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Emotpepduevny tiun: New reference. Mépog tov Zta0epd ABI. Create a Unicode object by decoding size bytes
of the Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)

Emotpepduevny tur: New reference. Mépog tov 2ta0epd ABI. 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.

Raw-Unicode-Escape Codecs

These are the «Raw Unicode Escape» codec APIs:

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Emotpepduevny tiun: New reference. Mépog tov Zta0epd ABI. Create a Unicode object by decoding size bytes
of the Raw-Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)

Emotpepduevn tui): New reference. Mépog tov 2t00ep6 ABI. 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.

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 *str, Py_ssize_t size, const char *errors)
Emotpepduevny tiun: New reference. Mépog tov Zta0epod ABI. Create a Unicode object by decoding size bytes
of the Latin-1 encoded string s#r. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_AsLatinlString (PyObject *unicode)

Emotpepduevn tyui): New reference. Mépog tov Z10.0ep6 ABI. 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.

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 *str, Py_ssize_t size, const char *errors)
Emoroepduevny tui): New reference. Mépog tov 2t00epd ABL Create a Unicode object by decoding size bytes
of the ASCII encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
Emotpepduevny tutj: New reference. Méopog tov Zt0.0epd ABI 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.

8.3. Sequence Objects 147



The Python/C API, Anpooicuon 3.11.13

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 mappings 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 *str, Py_ssize_t length, PyObject *mapping, const char
*errors)
Emoroepduevny tui): New reference. Mépog tov 2t00epd ABL Create a Unicode object by decoding size bytes

of the encoded string str using the given mapping object. Return NULL if an exception was raised by the codec.

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers in the range
from 0 to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals) or None. Unmapped
data bytes — ones which cause a LookupError, as well as ones which get mapped to None, OXFFFE or '\
ufffe', are treated as undefined mappings and cause an error.
PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)

Emotpepduevny tyui): New reference. Mépog tov 2ta0epd ABIL. 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 O 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.

The following codec API is special in that maps Unicode to Unicode.

PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)
Emotpepduevn yun: New reference. Mépog tov 2ta0epd ABI. Translate a string by applying a character mapping
table to it and return the resulting Unicode object. Return NULL if an exception was raised by the codec.

The mapping table must map Unicode ordinal integers to Unicode ordinal integers or None (causing deletion of
the character).

Mapping tables need only provide the _ getitem__ () interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors has the usual meaning for codecs. It may be NULL which indicates to use the default error handling.

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 *str, Py_ssize_t size, const char *errors)
Emotpepduevn tiun: New reference. Méoog tov 210.0ep6 ABI on Windows ot tyv ékdoon 3.7. Create a Unicode
object by decoding size bytes of the MBCS encoded string s#r. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py_ssize_f size, const char *errors, Py_ssize_t
*consumed)

Emotoepduevy wur: New reference. Méoos tov Ztobepd ABI on Windows and v éxdoon 3.7.
If consumed is NULL, behave like PyUnicode DecodeMBCS (). If consumed is not NULL,
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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)
Emotpepduevn tun: New reference. Mépog tov 2ta0epd ABI on Windows and tnyv ékdoon 3.7. 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)

Emoroepduevny tiun): New reference. Méoog tov Ztafepd ABI on Windows amé v éxdoon 3.7. 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.

Néo oty éxdoon 3.3.

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)
Emotpepduevn rur): New reference. Méoog tov 2t0.0epd ABI. Concat two strings giving a new Unicode string.

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)

Emotpepduevn tiun: New reference. Mépog tov Zta0epd ABL 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 *unicode, int keepends)

Emotpepduevny tun: New reference. Mépog tov Zto.0epd ABI. Split a Unicode string at line breaks, returning a
list of Unicode strings. CRLF is considered to be one line break. If keepends is O, the Line break characters are
not included in the resulting strings.

PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
Emotoepduevn tun: New reference. Mépog tov 2ta.0ep6 ABL Join a sequence of strings using the given separator
and return the resulting Unicode string.

Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int

direction)

Mépog tov Ztafepd ABIL Return 1 if substr matches unicode [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 *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
Mépog tov Ztafepd ABI. Return the first position of substr in unicode [ 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 *unicode, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direction)

Mépog tov Ztabepd ABI amd v éxdoon 3.7. Return the first position of the character ch in
unicode [start:end] using the given direction (direction == 1 means to do a forward search, direction ==
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—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.

Néo otnv ¢kdoom 3.3.
AMaEe oty ékdoon 3.7: start and end are now adjusted to behave like unicode [start:end].

Py_ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end)

Mépogc tov Zto0epd ABIL  Return the number of non-overlapping occurrences of substr in
unicode [start:end]. Return -1 if an error occurred.

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
Emotpepduevny tun: New reference. Mépog tov Zta0epd ABI. Replace at most maxcount occurrences of substr
in unicode with replstr and return the resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)

Mépoc tov Ztabepd ABIL 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 *unicode, const char *string)

Mépog tov Z100epd ABIL. Compare a Unicode object, unicode, with string and return —1, 0, 1 for less than, equal,
and greater than, respectively. It is best to pass only ASClII-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)
Emotpepduevn tur): New reference. Mépog tov Zta0epd ABIL Rich compare two Unicode strings and return one
of the following:
e NULL in case an exception was raised
e Py Trueor Py_False for successful comparisons
e Py NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT,and Py_LE.
PyObject *PyUnicode_Format (PyObject *format, PyObject *args)
Emoroepduevn tiutj: New reference. Méoog tov 2tafep6 ABIL Return a new string object from format and args;
this is analogous to format % args.
int PyUnicode_Contains (PyObject *unicode, PyObject *substr)

Mépog tov Z100epd ABI. Check whether substr is contained in unicode and return true or false accordingly.
substr has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **p_unicode)

Mépog tov Zt00epd ABIL Intern the argument *p_unicode 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 *p_unicode, it sets *p_unicode to it (releasing the reference to the old string object and creating a new
strong reference to the interned string object), otherwise it leaves * p_unicode alone and interns it (creating a
new strong reference). (Clarification: even though there is a lot of talk about references, think of this function as
reference-neutral; you own the object after the call if and only if you owned it before the call.)

PyObject *PyUnicode_InternFromString (const char *str)

Emotoepduevy  wur):  New  reference.  Mépog tov  2tobepd  ABL A combination  of
PyUnicode_FromString () and PyUnicode_InternInPlace (), returning either a new Unicode
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string object that has been interned, or a new («owned») reference to an earlier interned string object with the
same value.

8.3.4 Tuple Objects

type PyTupleObject
This subtype of PyOb ject represents a Python tuple object.
PyTypeObject PyTuple_Type
Mépog tov Zt00epd ABI. This instance of PyTypeOb ject represents the Python tuple type; it is the same
object as tuple in the Python layer.
int PyTuple_Check (PyObject *p)
Return true if p is a tuple object or an instance of a subtype of the tuple type. This function always succeeds.
int PyTuple_CheckExact (PyObject *p)
Return true if p is a tuple object, but not an instance of a subtype of the tuple type. This function always succeeds.
PyObject *PyTuple_New (Py_ssize_t len)
Emotpepduevn tur): New reference. Mépog tov Zt00epd ABI. Return a new tuple object of size len, or NULL on
failure.
PyObject *PyTuple_Pack (Py_ssize_t n, ...)
Emotpepduevy tuij: New reference. Mépog tov 2t00epd ABL Return a new tuple object of size n, or
NULL on failure. The tuple values are initialized to the subsequent n C arguments pointing to Python objects.
PyTuple_Pack (2, a, b) isequivalenttoPy_Buildvalue (" (0O)", a, b).
Py_ssize_t PyTuple_Size (PyObject *p)
Mépog tov Zt00epd ABI. 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)
Emotpepduevny tut): Borrowed reference. Méoog tov 210.0ep6 ABI. Return the object at position pos in the tuple
pointed to by p. If pos is negative or out of bounds, return NULL and set an IndexError exception.
PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Emotoepduevn nun: Borrowed reference. Like PyTuple_GetItem (), but does no checking of its arguments.
PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Emotpepduevny tun: New reference. Mépog tov 2t00epd ABIL 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)

Mépog Tov Ztabepd ABIL. 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.

Ynueiwon: This function «steals» a reference to o and discards a reference to an item already in the tuple at the
affected position.
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void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
Like PyTuple_SetItem (), butdoes no error checking, and should only be used to fill in brand new tuples.

Enueiwon: This function «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 *PyStructSequence_NewType (PyStructSequence_Desc *desc)
Emotoepduevy tyun: New reference. Méoog tov Z100epd ABI. 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 PyStruct Sequence_InitType, but returns 0 on success and —1 on failure.
Néo otnv ¢€kdoon 3.4.

type PyStructSequence_Desc
Mépog tov Z100epd ABI (cvumeptdaufavouévav Siwv twv ueiov). Contains the meta information of a struct
sequence type to create.
const char *name

Name of the struct sequence type.

const char *doc
Pointer to docstring for the type or NULL to omit.

PyStructSequence_Field *£ields

Pointer to NULL-terminated array with field names of the new type.
intn_in_sequence

Number of fields visible to the Python side (if used as tuple).

type PyStructSequence_Field

Mépog tov Zta0epd ABI (cvumeptdouPavouévav éAwv twv ueldv). Describes a field of a struct sequence. As
a struct sequence is modeled as a tuple, all fields are typed as PyOb ject*. The index in the £ields array of the
PyStructSequence_Desc determines which field of the struct sequence is described.

152 Kegahaio 8. Concrete Objects Layer



The Python/C API, Anpooicuon 3.11.13

const char *name
Name for the field or NULL to end the list of named fields, setto Py St ruct Sequence_UnnamedField
to leave unnamed.

const char *doc

Field docstring or NULL to omit.

const char *const PyStruct Sequence_UnnamedField

Mépog tov Z100epd ABI ard v ékdoon 3.11. Special value for a field name to leave it unnamed.
AMEe oty £xdoon 3.9: The type was changed from char *.
PyObject *PyStructSequence_New (PyTypeObject *type)
Emotoepduevy tutj: New reference. Mépog tov Zta0ep6 ABL 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)
Emoroepduevn tur): Borrowed reference. Mépog tov Zta.0epd ABI. 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)
Emortoepduevn wun: Borrowed reference. Macro equivalent of Py St ructSequence_GetItem().
void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Mépog tov Ztabepd ABIL Sets the field at index pos of the struct sequence p to value o. Like
PyTuple SET_ITEM/(), this should only be used to fill in brand new instances.

Xnueimon: This function «steals» a reference to o.

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)

Similar to Py St ruct Sequence_SetItem (), but implemented as a static inlined function.

Enueiwon: This function «steals» a reference to o.

8.3.6 List Objects

type PyListObject
This subtype of PyOb ject represents a Python list object.
PyTypeObject PyList_Type

Mépog tov Ztabepd ABL This instance of Py TypeObject represents the Python list type. This is the same
object as 11 st in the Python layer.

int PyList_Check (PyObject *p)
Return true if p is a list object or an instance of a subtype of the list type. This function always succeeds.
int PyList_CheckExact (PyObject *p)

Return true if p is a list object, but not an instance of a subtype of the list type. This function always succeeds.
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PyObject *PyList_New (Py_ssize_t len)
Emotpepduevy tun: New reference. Mépog tov 2talepd ABL Return a new list of length len on success, or
NULL on failure.

Xnueimon: If len is greater than zero, the returned list object’s items are set to NULL. Thus you cannot use abstract
API functions such as PySequence_SetItem () or expose the object to Python code before setting all items
to a real object with PyList_SetItem().

Py_ssize_t PyList_Size (PyObject *list)

Mépog tov Zt00epd ABL Return the length of the list object in /ist; this is equivalent to 1en (1ist) on a list
object.

Py_ssize_t PyList_GET_SIZE (PyObject *list)
Similar to PyList_Size (), but without error checking.

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Emoroepduevy tiunj: Borrowed reference. Mépog tov Zta.0epd ABI. Return the object at position index in the list
pointed to by list. The position must be non-negative; indexing from the end of the list is not supported. If index is
out of bounds (<0 or >=len(list)), return NULL and set an IndexError exception.

PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t 1)
Emortoepduevn wun: Borrowed reference. Similar to PyList_GetItem (), but without error checking.

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
Mépog tov Zta0epd ABI. Set the item at index index in list to item. Return 0 on success. If index is out of bounds,
return —1 and set an IndexError exception.

Ynueimon: This function «steals» a reference to item and discards a reference to an item already in the list at the
affected position.

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
Macro form of PyList_SetItem () withouterror checking. This is normally only used to fill in new lists where
there is no previous content.

Enueiwon: This macro «steals» a reference to ifem, and, unlike PyList_SetItem(), does not discard a
reference to any item that is being replaced; any reference in /ist at position i will be leaked.

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Mépog tov Ztafepd ABL Insert the item item into list /ist in front of index index. Return 0 if successful; return
-1 and set an exception if unsuccessful. Analogous to 1ist.insert (index, item).

int PyList_Append (PyObject *list, PyObject *item)
Mépog tov Zta0epd ABL Append the object item at the end of list list. Return O if successful; return —1 and set
an exception if unsuccessful. Analogous to 1ist.append (item).

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)

Emortpepduevny tun: New reference. Mépog tov 2tafepd ABL Return a list of the objects in list containing
the objects between low and high. Return NULL and set an exception if unsuccessful. Analogous to
list[low:high]. Indexing from the end of the list is not supported.
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int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Mépog tov Ztabepd ABL Set the slice of list between low and high to the contents of ifemlist. Analogous to
list[low:high] = itemlist. The ifemlist may be NULL, indicating the assignment of an empty list (slice
deletion). Return O on success, —1 on failure. Indexing from the end of the list is not supported.

int PyList_Sort (PyObject *list)
Mépog tov Z10.0epd ABL Sort the items of /ist in place. Return 0 on success, —1 on failure. This is equivalent to
list.sort ().

int PyList_Reverse (PyObject *list)
Mépog tov Zta0epd ABL Reverse the items of list in place. Return O on success, —1 on failure. This is the
equivalent of 1ist.reverse ().

PyObject *PyList_AsTuple (PyObject *list)
Emoroepduevn tiur): New reference. Méopog tov Zto0ep6d ABL Return a new tuple object containing the contents
of list; equivalent to tuple (1list).

8.4 Container Objects

8.4.1 Dictionary Objects

type PyDictObject
This subtype of PyOb ject represents a Python dictionary object.
PyTypeObject PyDict_Type
Mépog tov Zt00epd ABIL This instance of Py TypeOb ject represents the Python dictionary type. This is the
same object as dict in the Python layer.
int PyDict_Check (PyObject *p)
Return true if p is a dict object or an instance of a subtype of the dict type. This function always succeeds.
int PyDict_CheckExact (PyObject *p)
Return true if p is a dict object, but not an instance of a subtype of the dict type. This function always succeeds.
PyObject *PyDict_New ()
Emotpepduevn tun: New reference. Mépog tov 2t00gp6 ABL Return a new empty dictionary, or NULL on
failure.
PyObject *PyDictProxy_New (PyObject *mapping)
Emotpepduesvn tyur): New reference. Méoog tov 210.0gp6 ABI Return a types .MappingProxyType object
for a mapping which enforces read-only behavior. This is normally used to create a view to prevent modification
of the dictionary for non-dynamic class types.
void PyDict_Clear (PyObject *p)
Mépog tov Zt00epd ABL. Empty an existing dictionary of all key-value pairs.
int PyDict_Contains (PyObject *p, PyObject *key)
Mépog tov Zt00epd ABI. Determine if dictionary p contains key. If an item in p is matches key, return 1, otherwise
return 0. On error, return —1. This is equivalent to the Python expression key in p.
PyObject *PyDict_Copy (PyObject *p)

Emotpepduevny tun: New reference. Mépog tov 2tabepd ABI. Return a new dictionary that contains the same
key-value pairs as p.
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int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Mépog tov Zt00epd ABI. Insert val into the dictionary p with a key of key. key must be hashable; if it isn't,
TypeError will be raised. Return 0 on success or —1 on failure. This function does not steal a reference to val.
int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
Mépog tov Zt00epd ABI. This is the same as PyDict_SetItem (), but key is specified as a const char*
UTEF-8 encoded bytes string, rather than a PyObject *.
int PyDict_DelItem (PyObject *p, PyObject *key)
Mépog tov Ztalepd ABI Remove the entry in dictionary p with key key. key must be hashable; if it isn’t,
TypeError is raised. If key is not in the dictionary, KeyError is raised. Return 0 on success or —1 on failure.
int PyDict_DelItemString (PyObject *p, const char *key)
Mépog tov Zt00ep6 ABL This is the same as PyDict_DelItem (), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyOb ject *.
PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
Emotpepduevny tun: Borrowed reference. Mépog tov 2t00ep6 ABIL Return the object from dictionary p which
has a key key. Return NULL if the key key is not present, but without setting an exception.

Inueiwon: Exceptions that occur while this calls __hash__ () and __eq__ () methods are silently ignored.
Prefer the PyDict_GetItemWithError () function instead.

AMoEe otnv €kdoon 3.10: Calling this API without GIL held had been allowed for historical reason. It is no longer
allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
Emoroepduevn tur): Borrowed reference. Mépog tov 2ta.0epd ABI. Variant of PyDict_GetItem () thatdoes
not suppress exceptions. Return NULL with an exception set if an exception occurred. Return NULL without an
exception set if the key wasn’t present.

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

Emotpepduevn tyun): Borrowed reference. Méoog tov Zta0gp6 ABI. This is the same as PyDict_GetItem(),
but key is specified as a const char* UTF-8 encoded bytes string, rather than a PyOb ject*.

Inueiwon: Exceptions that occur while this calls __hash__ () and __eq___ () methods or while creating the
temporary str object are silently ignored. Prefer using the PyDict_GetItemWithError () function with
your own PyUnicode_FromString () key instead.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Emotoepduevy tun): Borrowed reference. This is the same as the Python-level dict.setdefault (). If
present, it returns the value corresponding to key from the dictionary p. If the key is not in the dict, it is inserted
with value defaultobj and defaultobj is returned. This function evaluates the hash function of key only once, instead
of evaluating it independently for the lookup and the insertion.

Néo otnv ¢€kdoom 3.4.
PyObject *PyDict_Items (PyObject *p)

Emoroepduevny tiun: New reference. Méoog tov 2t00epd ABIL. Return a PyListObject containing all the
items from the dictionary.

PyObject *PyDict_Keys (PyObject *p)

Emotoepduevn turj: New reference. Mépog tov Zta0epd ABIL Returna Py Li st Object containing all the keys
from the dictionary.
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PyObject *PyDict_Values (PyObject *p)
Emotpepduevny tur): New reference. Mépog tov 2tabepd ABL Return a PyListObject containing all the
values from the dictionary p.

Py_ssize_t PyDict_Size (PyObject *p)
Mépog tov Ztabepd ABI Return the number of items in the dictionary. This is equivalent to 1en (p) on a
dictionary.

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Mépog tov Zt00epod ABL Iterate over all key-value pairs in the dictionary p. The Py_ssize_t referred to by
ppos must be initialized to O prior to the first call to this function to start the iteration; the function returns true
for each pair in the dictionary, and false once all pairs have been reported. The parameters pkey and pvalue should
either point to PyOb ject* variables that will be filled in with each key and value, respectively, or may be NULL.
Any references returned through them are borrowed. ppos should not be altered during iteration. Its value represents
offsets within the internal dictionary structure, and since the structure is sparse, the offsets are not consecutive.

For example:

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

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

The dictionary p should not be mutated during iteration. It is safe to modify the values of the keys as you iterate
over the dictionary, but only so long as the set of keys does not change. For example:

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 (o) ;
return -1;
}
Py_DECREF (o) ;

}

L

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Mépog tov Zt00epd ABL Iterate over mapping object b adding key-value pairs to dictionary a. b may be a
dictionary, or any object supporting PyMapping Keys () and PyObject_GetItem (). If override is true,
existing pairs in a will be replaced if a matching key is found in b, otherwise pairs will only be added if there is not
a matching key in a. Return O on success or —1 if an exception was raised.

int PyDict_Update (PyObject *a, PyObject *b)
Mépog tov Ztabepd ABIL This is the same as PyDict_Merge(a, b, 1) in C, and is similar to a.
update (b) in Python except that PyDict_Update () doesn’t fall back to the iterating over a sequence of
key value pairs if the second argument has no «keys» attribute. Return 0 on success or —1 if an exception was
raised.
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int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
Mépog tov Zt00epd ABIL. Update or merge into dictionary a, from the key-value pairs in seq2. seq2 must be an
iterable object producing iterable objects of length 2, viewed as key-value pairs. In case of duplicate keys, the last
wins if override is true, else the first wins. Return 0 on success or —1 if an exception was raised. Equivalent Python
(except for the return value):

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

8.4.2 Set Objects

This section details the public API for set and frozenset objects. Any functionality not listed
below is best accessed using either the abstract object protocol (including PyObject_CallMethod(),
PyObject_RichCompareBool (), PyObject_Hash (), PyObject_Repr (), PyObject_IsTrue(),
PyObject_Print (), and PyObject_GetIter()) or the abstract number protocol (including
PyNumber_And(), PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor (),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract(), PyNumber_InPlaceOr (), and
PyNumber_InPlaceXor ()).

type PySetObject

This subtype of PyObject is used to hold the internal data for both set and frozenset objects. It is like
a PyDictObject in that it is a fixed size for small sets (much like tuple storage) and will point to a separate,
variable sized block of memory for medium and large sized sets (much like list storage). None of the fields of
this structure should be considered public and all are subject to change. All access should be done through the
documented API rather than by manipulating the values in the structure.

PyTypeObject PySet_Type

Mépog tov Zt00epd ABI. This is an instance of Py TypeObject representing the Python set type.
PyTypeObject PyFrozenSet_Type

Mépog tov Zt00epd ABI. This is an instance of Py TypeObject representing the Python frozenset type.

The following type check macros work on pointers to any Python object. Likewise, the constructor functions work with
any iterable Python object.

int PySet_Check (PyObject *p)
Return true if p is a set object or an instance of a subtype. This function always succeeds.
int PyFrozenSet_Check (PyObject *p)
Return true if pis a frozenset object or an instance of a subtype. This function always succeeds.
int PyAnySet_Check (PyObject *p)
Return true if pis a set object, a frozenset object, or an instance of a subtype. This function always succeeds.
int PySet_CheckExact (PyObject *p)
Return true if p is a set object but not an instance of a subtype. This function always succeeds.
Néo otv éxdoon 3.10.
int PyAnySet_CheckExact (PyObject *p)

Return true if p is a set object or a frozenset object but not an instance of a subtype. This function always
succeeds.
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int PyFrozenSet_CheckExact (PyObject *p)
Return true if p is a frozenset object but not an instance of a subtype. This function always succeeds.
PyObject *PySet_New (PyObject *iterable)
Emotpepduevny tu): New reference. Méoog tov Zt0.0gp6 ABI. Return a new set containing objects returned by
the iterable. The iterable may be NULL to create a new empty set. Return the new set on success or NULL on failure.
Raise TypeError if iterable is not actually iterable. The constructor is also useful for copying a set (c=set (s) ).
PyObject *PyFrozenSet_New (PyObject *iterable)

Emotoepduevy turj: New reference. Méoog tov Zt00epd ABI. Return a new frozenset containing objects
returned by the iterable. The iterable may be NULL to create a new empty frozenset. Return the new set on success
or NULL on failure. Raise TypeError if iterable is not actually iterable.

The following functions and macros are available for instances of set or frozenset or instances of their subtypes.

Py_ssize_t PySet_Size (PyObject *anyset)
Mépog tov Ztabepd ABIL Return the length of a set or frozenset object. Equivalent to 1en (anyset).
Raises a SystemError if anyset is not a set, frozenset, or an instance of a subtype.

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
Macro form of PySet_Size () without error checking.

int PySet_Contains (PyObject *anyset, PyObject *key)
Mépog tov Ztabepd ABIL Return 1 if found, O if not found, and —1 if an error is encountered. Unlike the
Python __contains__ () method, this function does not automatically convert unhashable sets into temporary
frozensets. Raise a TypeError if the key is unhashable. Raise SystemError if anyset is not a set,
frozenset, or an instance of a subtype.

int PySet_Add (PyObject *set, PyObject *key)
Mépog tov Ztobepd ABL Add key to a set instance. Also works with frozenset instances (like
PyTuple_SetItem () itcanbeused to fill inthe values of brand new frozensets before they are exposed to other
code). Return 0 on success or —1 on failure. Raise a TypeError if the key is unhashable. Raise a MemoryError
if there is no room to grow. Raise a SystemError if sef is not an instance of set or its subtype.

The following functions are available for instances of set or its subtypes but not for instances of frozenset or its
subtypes.

int PySet_Discard (PyObject *set, PyObject *key)
Mépog tov Z10.0gp6d ABL Return 1 if found and removed, 0 if not found (no action taken), and —1 if an error is
encountered. Does not raise KeyError for missing keys. Raise a TypeError if the key is unhashable. Unlike
the Python discard () method, this function does not automatically convert unhashable sets into temporary
frozensets. Raise SystemError if sef is not an instance of set or its subtype.

PyObject *PySet_Pop (PyObject *set)

Emotpepduevny tun: New reference. Méoog tov Ztabepd ABI Return a new reference to an arbitrary object in
the set, and removes the object from the ser. Return NULL on failure. Raise KeyError if the set is empty. Raise
a SystemError if sef is not an instance of set or its subtype.

int PySet_Clear (PyObject *set)

Mépog tov 2t00epd ABL Empty an existing set of all elements. Return 0 on success. Return —1 and raise
SystemError if sef is not an instance of set or its subtype.
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8.5 Function Objects

8.5.1 Function Objects

There are a few functions specific to Python functions.
type PyFunctionObject

The C structure used for functions.
PyTypeObject PyFunction_Type

This is an instance of PyTypeObject and represents the Python function type. It is exposed to Python
programmers as types.FunctionType.

int PyFunction_Check (PyObject *0)
Return true if o is a function object (has type PyFunction_Type). The parameter must not be NULL. This
function always succeeds.

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
Emotoepduevn tun: New reference. Return a new function object associated with the code object code. globals
must be a dictionary with the global variables accessible to the function.

The function’s docstring and name are retrieved from the code object. __module___is retrieved from globals.
The argument defaults, annotations and closure are set to NULL. ___qualname___is set to the same value as the
code object’s co_qualname field.

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)

Emotoepduevn nun: New reference. As PyFunction_New (), but also allows setting the function object’s
__qualname__ attribute. qualname should be a unicode object or NULL; if NULL, the _ qualname_
attribute is set to the same value as the code object’s co_qualname field.

Néo otmv éxdoon 3.3.
PyObject *PyFunction_GetCode (PyObject *op)

Emotoepduevn tun: Borrowed reference. Return the code object associated with the function object op.
PyObject *PyFunction_GetGlobals (PyObject *op)

Emotoepduevn tun: Borrowed reference. Return the globals dictionary associated with the function object op.
PyObject *PyFunction_GetModule (PyObject *op)

Emotoepduevy tun: Borrowed reference. Return a borrowed reference to the __module___ attribute of the
function object op. It can be NULL.

This is normally a st ring containing the module name, but can be set to any other object by Python code.
PyObject *PyFunction_GetDefaults (PyObject *op)

Emotoepduevn tun: Borrowed reference. Return the argument default values of the function object op. This can
be a tuple of arguments or NULL.

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
Set the argument default values for the function object op. defaults must be Py_None or a tuple.
Raises SystemError and returns —1 on failure.

PyObject *PyFunction_GetClosure (PyObject *op)

Emoroepduevn tur: Borrowed reference. Return the closure associated with the function object op. This can be
NULL or a tuple of cell objects.
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int PyFunction_SetClosure (PyObject *op, PyObject *closure)

Set the closure associated with the function object op. closure must be Py_None or a tuple of cell objects.
Raises SystemError and returns —1 on failure.

PyObject *PyFunction_GetAnnotations (PyObject *op)
Emortpepduevny tuj: Borrowed reference. Return the annotations of the function object op. This can be a mutable
dictionary or NULL.

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
Set the annotations for the function object op. annotations must be a dictionary or Py_None.

Raises SystemError and returns -1 on failure.

8.5.2 Instance Method Objects

An instance method is a wrapper for a PyCFunct ion and the new way to bind a PyCFunction to a class object. It
replaces the former call PyMethod_New (func, NULL, class).
PyTypeObject PyInstanceMethod_Type
This instance of PyTypeObject represents the Python instance method type. It is not exposed to Python
programs.
int PyInstanceMethod_Check (PyObject *0)
Return true if o is an instance method object (has type PyInstanceMethod_Type). The parameter must not
be NULL. This function always succeeds.
PyObject *PyInstanceMethod_New (PyObject *func)
Emortoepduevn tun: New reference. Return a new instance method object, with func being any callable object.
func is the function that will be called when the instance method is called.
PyObject *PyInstanceMethod_Function (PyObject *im)
Emotoepduevn tun: Borrowed reference. Return the function object associated with the instance method im.
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)

Emotoepduesvy nun: Borrowed reference. Macro version of PyTnstanceMethod Function () which
avoids error checking.

8.5.3 Method Objects

Methods are bound function objects. Methods are always bound to an instance of a user-defined class. Unbound methods
(methods bound to a class object) are no longer available.
PyTypeObject PyMethod_Type
This instance of Py TypeObject represents the Python method type. This is exposed to Python programs as
types.MethodType.
int PyMethod_Check (PyObject *0)
Return true if o is a method object (has type PyMet hod_ Type). The parameter must not be NULL. This function
always succeeds.
PyObject *PyMethod_New (PyObject *func, PyObject *self)

Emotoepduevn tiun: New reference. Return a new method object, with func being any callable object and self the
instance the method should be bound. func is the function that will be called when the method is called. self must
not be NULL.
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PyObject *PyMethod_Function (PyObject *meth)
Emotoepduevn tun: Borrowed reference. Return the function object associated with the method meth.
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)

Emotoepduevny nun: Borrowed reference. Macro version of PyMethod_Function () which avoids error
checking.

PyObject *PyMethod_Sel€£ (PyObject *meth)
Emotoepduevny tun: Borrowed reference. Return the instance associated with the method meth.
PyObject *PyMethod_GET_SELF (PyObject *meth)

Emotoepduevn tun: Borrowed reference. Macro version of PyMethod_Self () which avoids error checking.

8.5.4 Cell Objects

«Cell» objects are used to implement variables referenced by multiple scopes. For each such variable, a cell object is
created to store the value; the local variables of each stack frame that references the value contains a reference to the cells
from outer scopes which also use that variable. When the value is accessed, the value contained in the cell is used instead
of the cell object itself. This de-referencing of the cell object requires support from the generated byte-code; these are
not automatically de-referenced when accessed. Cell objects are not likely to be useful elsewhere.

type PyCellObject
The C structure used for cell objects.
PyTypeObject PyCell_Type
The type object corresponding to cell objects.
int PyCell_Check (PyObject *ob)
Return true if ob is a cell object; ob must not be NULL. This function always succeeds.
PyObject *PyCell_New (PyObject *ob)

Emotoepduevn tun: New reference. Create and return a new cell object containing the value ob. The parameter
may be NULL.

PyObject *PyCell_Get (PyObject *cell)
Emotoepduevn tun: New reference. Return the contents of the cell cell.
PyObject *PyCell_GET (PyObject *cell)

Emotoepduevn tur: Borrowed reference. Return the contents of the cell cell, but without checking that cell is
non-NULL and a cell object.

int PyCell_Set (PyObject *cell, PyObject *value)
Set the contents of the cell object cell to value. This releases the reference to any current content of the cell. value
may be NULL. cell must be non-NULL; if it is not a cell object, —1 will be returned. On success, 0 will be returned.

void PyCell_SET (PyObject *cell, PyObject *value)

Sets the value of the cell object cell to value. No reference counts are adjusted, and no checks are made for safety;
cell must be non-NULL and must be a cell object.
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8.5.5 Code Objects

Code objects are a low-level detail of the CPython implementation. Each one represents a chunk of executable code that
hasn’t yet been bound into a function.

type PyCodeObject

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

PyTypeObject PyCode_Type
This is an instance of Py TypeOb ject representing the Python code object.
int PyCode_Check (PyObject *co)
Return true if co is a code object. This function always succeeds.
int PyCode_GetNumFree (PyCodeObject *co)
Return the number of free variables in co.
PyCodeObject *PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyObject *code,
PyObject *consts, PyObject *names, PyObject *varnames, PyObject *freevars, PyObject

*cellvars, PyObject *filename, PyObject *name, PyObject *qualname, int firstlineno,
PyObject *linetable, PyObject *exceptiontable)

Emotoepduevn tun: New reference. Return a new code object. If you need a dummy code object to create a frame,
use PyCode_NewEmpty () instead. Calling PyCode_New () directly will bind you to a precise Python version
since the definition of the bytecode changes often. The many arguments of this function are inter-dependent in
complex ways, meaning that subtle changes to values are likely to result in incorrect execution or VM crashes. Use
this function only with extreme care.

AMoEe oty ékdoon 3.11: Added qualname and exceptiontable parameters.

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, PyObject
*name, PyObject *qualname, int firstlineno, PyObject *linetable,
PyObject *exceptiontable)

Emotoepduevny tun: New reference. Similar to PyCode_New (), but with an extra «posonlyargcount» for
positional-only arguments. The same caveats that apply to PyCode_New also apply to this function.

Néo otnv €kdoon 3.8.
AlhoEe oty éxdoon 3.11: Added qualname and exceptiontable parameters.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

Emotoepduevn tyur): New reference. Return a new empty code object with the specified filename, function name,
and first line number. The resulting code object will raise an Except ion if executed.

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

Return the line number of the instruction that occurs on or before byte_offset and ends after it. If you just
need the line number of a frame, use PyFrame_GetLineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP 626.

int PyCode_Addr2Location (PyObject *co, int byte_offset, int *start_line, int *start_column, int *end_line, int
*end_column)

Sets the passed int pointers to the source code line and column numbers for the instruction at byte_offset.
Sets the value to 0 when information is not available for any particular element.

Returns 1 if the function succeeds and O otherwise.
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Néo otnv ékdoomn 3.11.
PyObject *PyCode_GetCode (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_code'). Returns a strong reference to a
PyBytesObject representing the bytecode in a code object. On error, NULL is returned and an exception
is raised.

This PyBytesObject may be created on-demand by the interpreter and does not necessarily represent the
bytecode actually executed by CPython. The primary use case for this function is debuggers and profilers.

Néo otnv éxdoomn 3.11.
PyObject *PyCode_GetVarnames (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co _varnames'). Returns a new reference to a
PyTupleObject containing the names of the local variables. On error, NULL is returned and an exception
is raised.

Néo oty éxdoon 3.11.
PyObject *PyCode_GetCellvars (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_cellvars'). Returns a new reference to a
PyTupleObject containing the names of the local variables that are referenced by nested functions. On error,
NULL is returned and an exception is raised.

Néo otv éxdoon 3.11.

PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free variables. On error, NULL is returned and an exception is
raised.

Néo otmv éxdoon 3.11.

8.6 Other Objects

8.6.1 File Objects

These APIs are a minimal emulation of the Python 2 C API for built-in file objects, which used to rely on the buffered
I/O (FILE*) support from the C standard library. In Python 3, files and streams use the new i o module, which defines
several layers over the low-level unbuffered 1/O of the operating system. The functions described below are convenience
C wrappers over these new APIs, and meant mostly for internal error reporting in the interpreter; third-party code is
advised to access the 1o APIs instead.

PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding, const
char *errors, const char *newline, int closefd)

Emotpepduevny tyun: New reference. Mépog tov 2t00ep6 ABI. Create a Python file object from the file descriptor
of an already opened file fd. The arguments name, encoding, errors and newline can be NULL to use the defaults;
buffering can be -1 to use the default. name is ignored and kept for backward compatibility. Return NULL on failure.
For a more comprehensive description of the arguments, please refer to the 10 . open () function documentation.

Ipozdomoinon: Since Python streams have their own buffering layer, mixing them with OS-level file
descriptors can produce various issues (such as unexpected ordering of data).

AlhaEe oty ékdoon 3.2: Ignore name attribute.
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int PyObject_AsFileDescriptor (PyObject *p)
Mépog rov Z100epd ABI Return the file descriptor associated with p as an int. If the object is an integer, its
value is returned. If not, the object’s £ileno () method is called if it exists; the method must return an integer,
which is returned as the file descriptor value. Sets an exception and returns —1 on failure.

PyObject *PyFile_GetLine (PyObject *p, int n)

Emotoepduevn tun: New reference. Mépog tov 210.0ep0 ABI Equivalenttop . readline ([n]), this function
reads one line from the object p. p may be a file object or any object witha readline () method. If nis 0, exactly
one line is read, regardless of the length of the line. If # is greater than 0, no more than n bytes will be read from
the file; a partial line can be returned. In both cases, an empty string is returned if the end of the file is reached
immediately. If n is less than 0, however, one line is read regardless of length, but EOFError is raised if the end
of the file is reached immediately.

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
Overrides the normal behavior of 10.open_code () to pass its parameter through the provided handler.
The handler is a function of type:
typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject*, void*)

Equivalent of PyObject * (*) (PyObject *path, void *userData), where path is guaranteed
tobe PyUnicodeObject.

The userData pointer is passed into the hook function. Since hook functions may be called from different runtimes,
this pointer should not refer directly to Python state.

As this hook is intentionally used during import, avoid importing new modules during its execution unless they are
known to be frozen or available in sys.modules.

Once a hook has been set, it cannot be removed or replaced, and later calls to PyFile SetOpenCodeHook ()
will fail. On failure, the function returns -1 and sets an exception if the interpreter has been initialized.

This function is safe to call before Py Tnitialize ().
Raises an auditing event set opencodehook with no arguments.
Néo otnv €kdoon 3.8.
int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
Mépog tov Zta0epd ABL Write object obj to file object p. The only supported flag for flags is Py_PRINT_RAW;

if given, the str () of the object is written instead of the repr (). Return O on success or —1 on failure; the
appropriate exception will be set.

int PyFile_WriteString (const char *s, PyObject *p)

Mépog tov Ztabepd ABIL Write string s to file object p. Return 0 on success or —1 on failure; the appropriate
exception will be set.

8.6.2 Module Objects

PyTypeObject PyModule_Type

Mépog tov Ztabepd ABI This instance of Py TypeOb ject represents the Python module type. This is exposed
to Python programs as t ypes .ModuleType.

int PyModule_Check (PyObject *p)
Return true if p is a module object, or a subtype of a module object. This function always succeeds.

int PyModule_CheckExact (PyObject *p)
Return true if p is a module object, but not a subtype of PyModule_ Type. This function always succeeds.
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PyObject *PyModule_NewObject (PyObject *name)

Emotpepduevy tui): New reference. Mépog tov 2t00epd ABI and v éxdoon 3.7. 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 providing
a_ file_  attribute.

Néo omnv ékdoom 3.3.
AMoEe ot ékdoon 3.4: __package__and __loader___ are set to None.

PyObject *PyModule_New (const char *name)
Emotpepduevny tur): New reference. Mépog tov 2t00ep6 ABL Similar to PyModule_NewObject (), but the
name is a UTF-8 encoded string instead of a Unicode object.

PyObject *PyModule_GetDict (PyObject *module)

Emotpepduevn tyun: Borrowed reference. Mépog tov Zt00ep6 ABL Return the dictionary object that implements
module’s namespace; this object is the same as the ___dict___ attribute of the module object. If module is not a
module object (or a subtype of a module object), SystemError is raised and NULL is returned.

It is recommended extensions use other PyModule_* and PyObject_* functions rather than directly
manipulate a module’s __dict__ .

PyObject *PyModule_GetNameObject (PyObject *module)
Emotpepduevny tyun: New reference. Mépog tov 2100ep6 ABI arrd tnv éxkdoon 3.7. 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.
Néo oty éxdoon 3.3.

const char *PyModule_GetName (PyObject *module)
Mépog tov Ztalepd ABI Similar to PyModule GetNameObject () but return the name encoded to
'utf-8"'.

void *PyModule_GetState (PyObject *module)
Mépog tov Zt00epd ABI. 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)
Mépog tov Zt00epd ABI. 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)

Emotoepduevn tun: New reference. Méoog tov 2tafepd ABIL 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.

Néo otnv ¢kdoon 3.2.

const char *PyModule_GetFilename (PyObject *module)
Mépog tov Zta0epd ABL Similar to PyModule_GetFilenameObject () but return the filename encoded
to “utf-8”.

AmoovpOnke omv ékdoon 3.2: PyModule GetFilename () raises UnicodeEncodeError on
unencodable filenames, use PyModule GetFilenameObject () instead.
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Initializing C modules

Modules objects are usually created from extension modules (shared libraries which export an initialization function), or
compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()).See building
or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule_ Create (), and return the
resulting module object, or request «multi-phase initialization» by returning the definition struct itself.
type PyModuleDef
Mépog tov Zt00epo ABI (cvumeptiaufavouévov diwv twv ueidv). The module definition struct, which holds
all information needed to create a module object. There is usually only one statically initialized variable of this type
for each module.
PyModuleDef Base m_base
Always initialize this member to PyModuleDef_ HEAD_INIT.

const char *m_name
Name for the new module.
const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.
Py_ssize_ tm_size
Module state may be kept in a per-module memory area that can be retrieved with

PyModule_GetState (), rather than in static globals. This makes modules safe for use in multiple
sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ £ ree function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m_s1i ze 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 PyMethodDef 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.

AMaEe oty £€xdoon 3.5: Prior to version 3.5, this member was always set to NULL, and was defined as:
inquiry m_reload
traverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule GetState ())is NULL.

AMoEe oty €kdoon 3.9: No longer called before the module state is allocated.
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inquiry m_clear
A clear function to call during GC clearing of the module object, or NULL if not needed.
This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).

More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated. For
example, when reference counting is enough to determine that an object is no longer used, the cyclic garbage
collector is not involved and m_ free is called directly.

AMaEe oty €kdoon 3.9: No longer called before the module state is allocated.
Jfreefunc m_free
A function to call during deallocation of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

AMaEe oty €kdoon 3.9: No longer called before the module state is allocated.

Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as «single-phase
initialization», and uses one of the following two module creation functions:
PyObject *PyModule_Create (PyModuleDef *def)
Emoroepduevn tun: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Createl () with module_api_version set to PYTHON_API_VERSION.
PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)

Emotpepduevny tur): New reference. Méoog tov Zta0epd ABI. 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.

Enueiwon: 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_ AddObjectRef ().

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 similartothe __new__ () and __init__ () methods
of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry is
removed and the module is re-imported, a new module object is created, and the old module is subject to normal garbage
collection — as with Python modules. By default, multiple modules created from the same definition should be independent:
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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
modules 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_s1ots. Before it is returned, the PyModuleDef instance must be initialized with the following
function:

PyObject *PyModuleDef_Init (PyModuleDef *def)

Emortpepduevy tun: Borrowed reference. Méoog tov 2t00epd ABI amd tnv ékdoon 3.5. 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.
Néo otnv ¢kdoon 3.5.
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.
Néo otnv ¢kdoom 3.5.
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 dynamically
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:
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int exec_module (PyObject *module)

If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

See PEP 489 for more details on multi-phase initialization.

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used directly,
for example when creating module objects dynamically. Note that both PyModule FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

Emotoepduevny wun: New reference. Create a new module object, given the definition in def and the
ModuleSpec spec. This behaves like PyModule_ FromDefAndSpecZ2 () with module_api_version set to
PYTHON_API_VERSION.

Néo otnv ékdoom 3.5.

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)

Emotoepduevn tiurj: New reference. Méopog tov Zta0epd ABI and tnv ékdoon 3.7. Create a new module object,
given the definition in def 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.

Inueimon: Most uses of this function should be using PyModule FromDefAndSpec () instead; only use
this if you are sure you need it.

Néo otnv ¢€kdoom 3.5.

int PyModule_ExecDef (PyObject *module, PyModuleDef *def)

Mépog tov Zt00epd ABI amd v ékdoon 3.7. Process any execution slots (Py_mod_exec) given in def.

Néo oty éxdoon 3.5.

int PyModule_SetDocString (PyObject *module, const char *docstring)

Mépog tov Zt00epd ABI and v éxdoon 3.7. 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.

Néo otv ¢€kdoom 3.5.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

Mépog tov Zt00ep6 ABI até v éxdoon 3.7. Add the functions from the NULL terminated functions array to
module. Refer to the PyMet hodDe £ documentation 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.

Néo otnv ¢€kdoom 3.5.
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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_AddObjectRef (PyObject *module, const char *name, PyObject *value)

Mépog tov Ztabepd ABI amd v ékdoon 3.10. Add an object to module as name. This is a convenience function
which can be used from the module’s initialization function.

On success, return 0. On error, raise an exception and return —1.
Return NULL if value is NULL. It must be called with an exception raised in this case.

Example usage:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_ FromLong (value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
return res;

}

.

The example can also be written without checking explicitly if obj is NULL:

p
static int

add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (obj) ;
return res;

Note that Py_XDECREF () should be used instead of Py_ DECREF () in this case, since obj can be NULL.
Néo otnv ¢xdoon 3.10.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
M¢épog tov Zt00ep6 ABL Similar to PyModule_ AddObjectRef (), but steals a reference to value on success
(if it returns 0).

The new PyModule_ AddObjectRef () function is recommended, since it is easy to introduce reference leaks
by misusing the PyModule_AddObject () function.

Xnueimon: Unlike other functions that steal references, PyModule_AddObject () only releases the reference
to value on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on error.

Example usage:
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p
static int

add_spam (PyObject *module, int wvalue)
{
PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (ob7j) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py_DECREF (obj) 1is not needed here
return 0;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_ FromLong (value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
3
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) is not needed here
return O;

Note that Py_XDECREF () should be used instead of Py_ DECREF () in this case, since obj can be NULL.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Mépog tov Zt00epd ABL 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)
Mépog tov Z10.0ep6d ABIL Add a string constant to module as name. This convenience function can be used from
the module’s initialization function. The string value must be NULL-terminated. Return —1 on error, 0 on success.
PyModule_AddIntMacro (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, O on success.
PyModule_AddStringMacro (module, macro)
Add a string constant to module.
int PyModule_AddType (PyObject *module, PyTypeObject *type)
Mépog tov Zt0.0epd ABIL amd v ékdoon 3.10. 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.

Néo oty éxdoon 3.9.
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Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter. This
allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can be
created from a single definition.

PyObject *PyState_FindModule (PyModuleDef *def)

Emoroepduevy tyun: Borrowed reference. Mépog tov Z100epd ABI. 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)

Mépog tov Zt00epd ABI arrd v ékdoon 3.3. 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.
Néo otnv ékdoom 3.3.
int PyState_RemoveModule (PyModuleDef *def)

Mépog tov Zt00epd ABI amd v ékdoon 3.3. Removes the module object created from def from the interpreter
state. Return O on success or -1 on failure.

The caller must hold the GIL.
Néo otnv €kdoon 3.3.

8.6.3 Iterator Objects

Python provides two general-purpose iterator objects. The first, a sequence iterator, works with an arbitrary sequence
supporting the __getitem__ () method. The second works with a callable object and a sentinel value, calling the
callable for each item in the sequence, and ending the iteration when the sentinel value is returned.
PyTypeObject PySeqIter_ Type
Mépog tov 2tafepd ABL Type object for iterator objects returned by PySeqgIter New () and the one-
argument form of the iter () built-in function for built-in sequence types.
int PySeqIter_Check (PyObject *op)
Return true if the type of op is PySeqgIter Type. This function always succeeds.
PyObject *PySeqIter_New (PyObject *seq)
Emotpepduevy tiun: New reference. Méoog tov 2t00epd ABL Return an iterator that works with a general
sequence object, seq. The iteration ends when the sequence raises IndexError for the subscripting operation.
PyTypeObject PyCallIter_Type
Mépog tov Ztabepd ABIL. Type object for iterator objects returned by PyCallIter New () and the two-
argument form of the iter () built-in function.
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int PyCallIter_Check (PyObject *op)
Return true if the type of op is PyCallIter_Type. This function always succeeds.
PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
Emotpepduevn tiun: New reference. Méoog tov Zta.0ep6 ABL Return a new iterator. The first parameter, callable,

can be any Python callable object that can be called with no parameters; each call to it should return the next item
in the iteration. When callable returns a value equal to sentinel, the iteration will be terminated.

8.6.4 Descriptor Objects

«Descriptors» are objects that describe some attribute of an object. They are found in the dictionary of type objects.
PyTypeObject PyProperty_ Type
Mépog tov Zt00epd ABI. The type object for the built-in descriptor types.
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Emoroepduevn tiun: New reference. Mépog tov 2ta.0ep6 ABL
PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Emoroepduevn tiun: New reference. Méoog tov 2t0.0ep6 ABL
PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Emotpepduevny tun: New reference. Mépog tov Zta0epd ABL
PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
Emotoepduevn tun: New reference.
PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Emotpepduevny tun: New reference. Mépog tov Zta0epd ABL
int PyDescr_IsData (PyObject *descr)
Return non-zero if the descriptor objects descr describes a data attribute, or 0 if it describes a method. descr must
be a descriptor object; there is no error checking.
PyObject *PyWrapper_New (PyObject*, PyObject*)
Emortpepduevny tun: New reference. Mépog tov Zta0epd ABL

8.6.5 Slice Objects

PyTypeObject PySlice_Type
Mépog tov Zt00epd ABI. The type object for slice objects. This is the same as s1ice in the Python layer.
int PySlice_Check (PyObject *ob)
Return true if 0b is a slice object; ob must not be NULL. This function always succeeds.
PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
Emoroepduevn tun: New reference. Mépog tov 2100epd ABIL Return a new slice object with the given values.
The start, stop, and step parameters are used as the values of the slice object attributes of the same names. Any of

the values may be NULL, in which case the None will be used for the corresponding attribute. Return NULL if the
new object could not be allocated.
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int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
Mépog tov Ztabepd ABI Retrieve the start, stop and step indices from the slice object slice, assuming a sequence
of length length. Treats indices greater than length as errors.

Returns 0 on success and —1 on error with no exception set (unless one of the indices was not None and failed to
be converted to an integer, in which case —1 is returned with an exception set).

You probably do not want to use this function.
AMoEe ot €ékdoom 3.2: The parameter type for the slice parameter was PyS1iceObject* before.

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)
Mépog tov Zt00epd ABIL Usable replacement for PyS1ice GetIndices (). Retrieve the start, stop, and
step indices from the slice object slice assuming a sequence of length length, and store the length of the slice in
slicelength. Out of bounds indices are clipped in a manner consistent with the handling of normal slices.

Returns 0 on success and —1 on error with exception set.

Inueiwon: This function is considered not safe for resizable sequences. Its invocation should be replaced by a
combination of PyS1ice Unpack () and PySlice_ AdjustIndices () where

-

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

is replaced by

if (PySlice_Unpack(slice, &start, &stop, é&step) < 0) |
// return error
I3
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

AMEe oty £xdoon 3.2: The parameter type for the slice parameter was PyS1iceObject * before.

AlaEe ot ékdoom 3.6.1: If Py_LIMITED_APT is not set or set to the value between 0x03050400 and
0x03060000 (not including) or 0x03060100 or higher PySlice_GetIndicesEx () isimplemented as a
macro using PySlice_Unpack () and PySlice_AdjustIndices (). Arguments start, stop and step are
evaluated more than once.

AmoovpBnke oty €xdoon 3.6.1: If Py_LIMITED_APT is set to the value less than 0x03050400 or between

0x03060000 and 0x03060100 (not including) PySlice_GetIndicesEx () is a deprecated function.
int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)

Mépog tov Zt00epd ABI amd v éxdoon 3.7. Extract the start, stop and step data members from a slice object

as C integers. Silently reduce values larger than PY_SSIZE_T_MAX to PY_SSIZE_T_MAX, silently boost the

start and stop values less than PY_SSIZE_T MINtoPY_SSIZE_T_MIN, and silently boost the step values less

than —-PY_SSIZE_T_MAX to -PY_SSIZE_T_MAX.

Return —1 on error, O on success.
Néo otnv ékdoon 3.6.1.
Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)

Mépog tov Ztabepd ABI and v éxdoon 3.7. Adjust start/end slice indices assuming a sequence of the specified
length. Out of bounds indices are clipped in a manner consistent with the handling of normal slices.

Return the length of the slice. Always successful. Doesn’t call Python code.
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Néo otnv ¢kdoom 3.6.1.

Ellipsis Object

PyObject *Py_Ellipsis
The Python E11ipsis object. This object has no methods. It needs to be treated just like any other object with
respect to reference counts. Like Py_None it is a singleton object.

8.6.6 MemoryView objects

A memoryview object exposes the C level buffer interface as a Python object which can then be passed around like any
other object.
PyObject *PyMemoryView_FromObject (PyObject *obj)
Emotpepduevny rur): New reference. Méoog tov 2Zto0epd ABI. Create a memoryview object from an object that
provides the buffer interface. If obj supports writable buffer exports, the memoryview object will be read/write,
otherwise it may be either read-only or read/write at the discretion of the exporter.
PyBUF_READ
Flag to request a readonly buffer.

PyBUF_WRITE
Flag to request a writable buffer.

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
Emotpepduevny tui): New reference. Mépog tov 2ta0epd ABI atd thv ékdoon 3.7. Create a memoryview object
using mem as the underlying buffer. flags can be one of PyBUF _READ or PyBUF_WRITE.

Néo otv éxdoom 3.3.

PyObject *PyMemoryView FromBuffer (const Py_buffer *view)
Emotpepduevny tun: New reference. Mépog tov 2t00ep6d ABI amd v ékdoon 3.11. Create a memoryview
object wrapping the given buffer structure view. For simple byte buffers, PyMemoryView FromMemory () is
the preferred function.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)

Emotpepduevy tiun: New reference. Mépog tov Ztafepd ABI Create a memoryview object to a contiguous
chunk of memory (in either “C” or “Fortran order) from an object that defines the buffer interface. If memory is
contiguous, the memoryview object points to the original memory. Otherwise, a copy is made and the memoryview
points to a new bytes object.

buffertype can be one of PyBUF_READ or PyBUF_WRITE.

int PyMemoryView_Check (PyObject *obj)
Return true if the object obj is a memoryview object. It is not currently allowed to create subclasses of
memoryview. This function always succeeds.

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
Return a pointer to the memoryview’s private copy of the exporter’s buffer. mview must be a memoryview instance;
this macro doesn’t check its type, you must do it yourself or you will risk crashes.

PyObject *PyMemoryView_GET_BASE (PyObject *mview)

Return either a pointer to the exporting object that the memoryview is based on or NULL if
the memoryview has been created by one of the functions PyMemoryView_ FromMemory () or
PyMemoryView_ FromBuffer (). mview must be a memoryview instance.
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8.6.7 Weak Reference Objects

Python supports weak references as first-class objects. There are two specific object types which directly implement weak
references. The first is a simple reference object, and the second acts as a proxy for the original object as much as it can.
int PyWeakref_Check (PyObject *ob)

Return true if ob is either a reference or proxy object. This function always succeeds.
int PyWeakref_CheckRef (PyObject *ob)

Return true if ob is a reference object. This function always succeeds.

int PyWeakref_CheckProxy (PyObject *ob)
Return true if ob is a proxy object. This function always succeeds.

PyObject *PyWeakref_ NewRef (PyObject *ob, PyObject *callback)
Emotoepduevn tiun: New reference. Mépog tov 2t0.0ep6d ABI. Return a weak reference object for the object ob.
This will always return a new reference, but is not guaranteed to create a new object; an existing reference object
may be returned. The second parameter, callback, can be a callable object that receives notification when o0b is
garbage collected; it should accept a single parameter, which will be the weak reference object itself. callback may

also be None or NULL. If 0b is not a weakly referencable object, or if callback is not callable, None, or NULL,
this will return NULL and raise TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
Emotpepduevy tur): New reference. Méoog tov 2t00epd ABI. Return a weak reference proxy object for the
object ob. This will always return a new reference, but is not guaranteed to create a new object; an existing proxy
object may be returned. The second parameter, callback, can be a callable object that receives notification when
ob is garbage collected; it should accept a single parameter, which will be the weak reference object itself. callback

may also be None or NULL. If 0b is not a weakly referencable object, or if callback is not callable, None, or NULL,
this will return NULL and raise TypeError.

PyObject *PyWeakref_GetObject (PyObject *ref)

Emotpepduevny tun: Borrowed reference. Méoog tov 2ta0epd ABIL. Return the referenced object from a weak
reference, ref. If the referent is no longer live, returns Py_None.

Enueiwon: This function returns a borrowed reference to the referenced object. This means that you should always
call Py TNCREF () on the object except when it cannot be destroyed before the last usage of the borrowed
reference.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)

Emotoepduevn tun: Borrowed reference. Similar to Pyieakref GetObject (), butdoes no error checking.
void PyObject_ClearWeakRefs (PyObject *object)

Mépog tov Zt00epd ABI. This function is called by the t p_dealloc handler to clear weak references.

This iterates through the weak references for object and calls callbacks for those references which have one. It
returns when all callbacks have been attempted.
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8.6.8 Capsules

Refer to using-capsules for more information on using these objects.
Néo omv éxdoom 3.1.

type PyCapsule

This subtype of PyObject represents an opaque value, useful for C extension modules who need to pass an
opaque value (as a void* pointer) through Python code to other C code. It is often used to make a C function
pointer defined in one module available to other modules, so the regular import mechanism can be used to access
C APIs defined in dynamically loaded modules.

type PyCapsule_Destructor
Méopog tov 2t00epd ABI. The type of a destructor callback for a capsule. Defined as:

[typedef void (*PyCapsule_Destructor) (PyObject *);

See PyCapsule_New () for the semantics of PyCapsule_Destructor callbacks.

int PyCapsule_CheckExact (PyObject *p)

Return true if its argument is a PyCapsule. This function always succeeds.

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Emotpepduevn tur): New reference. Mépog tov 210.0ep6 ABI. Create a PyCapsu e encapsulating the pointer.
The pointer argument may not be NULL.

On failure, set an exception and return NULL.

The name string may either be NULL or a pointer to a valid C string. If non-NULL, this string must outlive the
capsule. (Though it is permitted to free it inside the destructor.)

If the destructor argument is not NULL, it will be called with the capsule as its argument when it is destroyed.

If this capsule will be stored as an attribute of a module, the name should be specified as modulename.

attributename. This will enable other modules to import the capsule using PyCapsule_Import ().
void *PyCapsule_GetPointer (PyObject *capsule, const char *name)

Mépog tov Zta0epd ABI. Retrieve the pointer stored in the capsule. On failure, set an exception and return NULL.

The name parameter must compare exactly to the name stored in the capsule. If the name stored in the capsule is

NULL, the name passed in must also be NULL. Python uses the C function st rcmp () to compare capsule names.
PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)

Mépog tov Ztabepd ABL Return the current destructor stored in the capsule. On failure, set an exception and

return NULL.

It is legal for a capsule to have a NULL destructor. This makes a NULL return code somewhat ambiguous; use
PyCapsule IsValid() or PyErr Occurred () to disambiguate.

void *PyCapsule_GetContext (PyObject *capsule)
Mépog tov Zta0epd ABL Return the current context stored in the capsule. On failure, set an exception and return
NULL.

It is legal for a capsule to have a NULL context. This makes a NULL return code somewhat ambiguous; use
PyCapsule_IsValid() or PyErr_Occurred () to disambiguate.
const char *PyCapsule_GetName (PyObject *capsule)

Mépog tov Ztabepd ABI Return the current name stored in the capsule. On failure, set an exception and return
NULL.
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It is legal for a capsule to have a NULL name. This makes a NULL return code somewhat ambiguous; use
PyCapsule_IsValid () or PyErr_Occurred () to disambiguate.

void *PyCapsule_Import (const char *name, int no_block)

Mépog rov Zta0epd ABL Import a pointer to a C object from a capsule attribute in a module. The name parameter
should specify the full name to the attribute, as in module.attribute. The name stored in the capsule must
match this string exactly.

Return the capsule’s internal pointer on success. On failure, set an exception and return NULL.
AMoEe oty £xdoon 3.3: no_block has no effect anymore.

int PyCapsule_IsValid (PyObject *capsule, const char *name)

Mépog tov Ztabepd ABIL Determines whether or not capsule is a valid capsule. A valid capsule is non-NULL,
passes PyCapsule_CheckExact (), has a non-NULL pointer stored in it, and its internal name matches the
name parameter. (See PyCapsule_GetPointer () for information on how capsule names are compared.)

In other words, if PyCapsule IsValid () returns a true value, calls to any of the accessors (any function
starting with PyCapsule_Get) are guaranteed to succeed.

Return a nonzero value if the object is valid and matches the name passed in. Return 0 otherwise. This function
will not fail.

int PyCapsule_SetContext (PyObject *capsule, void *context)

Mépog tov Zt00epd ABI. Set the context pointer inside capsule to context.
Return 0 on success. Return nonzero and set an exception on failure.

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Mépog tov Zt00epd ABI. Set the destructor inside capsule to destructor.

Return 0 on success. Return nonzero and set an exception on failure.

int PyCapsule_SetName (PyObject *capsule, const char *name)

Mépog tov Zt00epd ABI. Set the name inside capsule to name. If non-NULL, the name must outlive the capsule.
If the previous name stored in the capsule was not NULL, no attempt is made to free it.

Return 0 on success. Return nonzero and set an exception on failure.

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Mépog tov Zt00epd ABI. Set the void pointer inside capsule to pointer. The pointer may not be NULL.

Return 0 on success. Return nonzero and set an exception on failure.

8.6.9 Frame Objects

type PyFrameObject

Mépog tov Tlepropiopévo AP (wg wa adtagpavic kataockevr). The C structure of the objects used to describe
frame objects.

There are no public members in this structure.

AMoEe otnv ékdoomn 3.11: The members of this structure were removed from the public C API. Refer to the
What’s New entry for details.

The PyEval_GetFrame () and PyThreadState_GetFrame () functions can be used to get a frame object.

See also Reflection.
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PyTypeObject PyFrame_Type
The type of frame objects. It is the same object as t ypes . FrameType in the Python layer.

AMoEe oty £xdoon 3.11: Previously, this type was only available after including < frameobject . h>.
int PyFrame_Check (PyObject *obj)
Return non-zero if obj is a frame object.
AMEe oty £xdoon 3.11: Previously, this function was only available after including <frameobject . h>.

PyFrameObject *PyFrame_GetBack (PyFrameObject *frame)
Get the frame next outer frame.

Return a strong reference, or NULL if frame has no outer frame.
Néo otnv €kdoon 3.9.
PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)
Get the frame’s £_builtins attribute.
Return a strong reference. The result cannot be NULL.
Néo otnv éxdoomn 3.11.

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
Mépog tov Zt100epd ABI and v ékdoan 3.10. Get the frame code.

Return a strong reference.
The result (frame code) cannot be NULL.
Néo otv éxdoom 3.9.

PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

Get the generator, coroutine, or async generator that owns this frame, or NULL if this frame is not owned by a
generator. Does not raise an exception, even if the return value is NULL.

Return a strong reference, or NULL.
Néo otnv ékdoomn 3.11.

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
Get the frame’s £_globals attribute.

Return a strong reference. The result cannot be NULL.
Néo otnv é€kdoon 3.11.

int PyFrame_GetLasti (PyFrameObject *frame)
Get the frame’s £_lasti attribute.

Returns -1 if frame.f_lasti is None.
Néo otmv éxdoon 3.11.

PyObject *PyFrame_GetLocals (PyFrameObject *frame)
Get the frame’s £_locals attribute (dict).

Return a strong reference.
Néo otnv ékdoon 3.11.

int PyFrame_GetLineNumber (PyFrameObject *frame)

Mépog tov Z100epd ABI amd v ékdoon 3.10. Return the line number that frame is currently executing.
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8.6.10 Generator Objects

Generator objects are what Python uses to implement generator iterators. They are normally created by iterating over a
function that yields values, rather than explicitly calling PyGen_New () or PyGen_NewWithQualName ().

type PyGenObject
The C structure used for generator objects.
PyTypeObject PyGen_Type
The type object corresponding to generator objects.
int PyGen_Check (PyObject *ob)
Return true if ob is a generator object; ob must not be NULL. This function always succeeds.
int PyGen_CheckExact (PyObject *ob)
Return true if ob’s type is PyGen_ Type; ob must not be NULL. This function always succeeds.
PyObject *PyGen_New ( PyFrameObject *frame)

Emotoepduevn nun: New reference. Create and return a new generator object based on the frame object. A
reference to frame is stolen by this function. The argument must not be NULL.

PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Emotoepduevn tiun: New reference. Create and return a new generator object based on the frame object, with

__name__and ___qualname___set to name and qualname. A reference to frame is stolen by this function. The
frame argument must not be NULL.

8.6.11 Coroutine Objects

Néo omv éxdoom 3.5.
Coroutine objects are what functions declared with an async keyword return.

type PyCoroObject
The C structure used for coroutine objects.

PyTypeObject PyCoro_Type
The type object corresponding to coroutine objects.

int PyCoro_CheckExact (PyObject *ob)

Return true if ob’s type is PyCoro_ Type; ob must not be NULL. This function always succeeds.
PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)

Emotoepduevn nun: New reference. Create and return a new coroutine object based on the frame object, with
__name___and __qgualname___ set to name and qualname. A reference to frame is stolen by this function. The
frame argument must not be NULL.

8.6.12 Context Variables Objects

Néo oty éxdoom 3.7.
AMoEe oty éxdoon 3.7.1:

Ynueioon: In Python 3.7.1 the signatures of all context variables C APIs were changed to use PyObject pointers
instead of PyContext, PyContextVar,and PyContextToken, e.g..
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// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (wvoid);

See bpo-34762 for more details.

This section details the public C API for the contextvars module.

type PyContext

The C structure used to represent a contextvars.Context object.
type PyContextVar

The C structure used to represent a contextvars.ContextVar object.
type PyContextToken

The C structure used to represent a contextvars.Token object.
PyTypeObject PyContext_Type

The type object representing the context type.
PyTypeObject PyContextVar_Type

The type object representing the context variable type.
PyTypeObject PyContextToken_Type

The type object representing the context variable token type.

Type-check macros:
int PyContext_CheckExact (PyObject *0)
Return true if o is of type PyContext_Type. o must not be NULL. This function always succeeds.
int PyContextVar_CheckExact (PyObject *0)
Return true if o is of type PyContextVar_ Type. o must not be NULL. This function always succeeds.

int PyContextToken_CheckExact (PyObject *0)

Return true if o is of type PyContext Token_ Type. o must not be NULL. This function always succeeds.
Context object management functions:
PyObject *PyContext_New (void)
Emotoepduevn tyun: New reference. Create a new empty context object. Returns NULL if an error has occurred.
PyObject *PyContext_Copy (PyObject *ctx)
Emotoepduevn tun: New reference. Create a shallow copy of the passed ctx context object. Returns NULL if an
error has occurred.
PyObject *PyContext_CopyCurrent (void)
Emotpepduevn yun: New reference. Create a shallow copy of the current thread context. Returns NULL if an error
has occurred.
int PyContext_Enter (PyObject *ctx)
Set ctx as the current context for the current thread. Returns O on success, and —1 on error.
int PyContext_Exit (PyObject *ctx)

Deactivate the ctx context and restore the previous context as the current context for the current thread. Returns 0
on success, and —1 on error.
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Context variable functions:

PyObject *PyContextVar_New (const char *name, PyObject *def)

Emortoepduevy wun: New reference. Create a new ContextVar object. The name parameter is used for
introspection and debug purposes. The def parameter specifies a default value for the context variable, or NULL
for no default. If an error has occurred, this function returns NULL.

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)

Get the value of a context variable. Returns —1 if an error has occurred during lookup, and 0 if no error occurred,
whether or not a value was found.

If the context variable was found, value will be a pointer to it. If the context variable was not found, value will point
to:

e default_value, if not NULL;
o the default value of var, if not NULL;
e NULL
Except for NULL, the function returns a new reference.

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Emotoepduevn tur): New reference. Set the value of var to value in the current context. Returns a new token
object for this change, or NULL if an error has occurred.

int PyContextVar_Reset (PyObject *var, PyObject *token)

Reset the state of the var context variable to that it was in before PyContextVar_Set () that returned the
token was called. This function returns O on success and —1 on error.

8.6.13 DateTime Objects

Various date and time objects are supplied by the datet ime module. Before using any of these functions, the header
file datetime.h must be included in your source (note that this is not included by Python.h), and the macro
PyDateTime_IMPORT must be invoked, usually as part of the module initialisation function. The macro puts a pointer
to a C structure into a static variable, PyDateTimeAPT, that is used by the following macros.

type PyDateTime_Date

This subtype of PyOb ject represents a Python date object.

type PyDateTime_DateTime
This subtype of PyOb ject represents a Python datetime object.

type PyDateTime_Time
This subtype of PyOb ject represents a Python time object.

type PyDateTime_Delta
This subtype of PyOb ject represents the difference between two datetime values.

PyTypeObject PyDateTime_DateType
This instance of Py TypeOb ject represents the Python date type; it is the same object as datet ime.date in
the Python layer.

PyTypeObject PyDateTime_DateTimeType

This instance of PyTypeObject represents the Python datetime type; it is the same object as datetime.
datetime in the Python layer.
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PyTypeObject PyDateTime_TimeType
This instance of Py TypeOb ject represents the Python time type; it is the same object as datet ime.time in
the Python layer.

PyTypeObject PyDateTime_DeltaType

This instance of Py TypeOb ject represents Python type for the difference between two datetime values; it is the
same object as datetime.timedelta in the Python layer.

PyTypeObject PyDateTime_TZInfoType

This instance of Py TypeOb ject represents the Python time zone info type; it is the same object as datet ime.
tzinfo in the Python layer.

Macro for access to the UTC singleton:

PyObject *PyDateTime_TimeZone_UTC
Returns the time zone singleton representing UTC, the same object as datetime.timezone.utc.
Néo otnv €kdoon 3.7.

Type-check macros:

int PyDate_Check (PyObject *ob)

Return true if ob is of type PyDateTime_DateType or asubtype of PyDateTime_DateType. ob must not
be NULL. This function always succeeds.

int PyDate_CheckExact (PyObject *ob)
Return true if ob is of type PyDateTime_DateType. ob must not be NULL. This function always succeeds.
int PyDateTime_Check (PyObject *ob)

Return true if ob is of type PyDateTime_DateTimeType or asubtype of PyDateTime_DateTimeType.
ob must not be NULL. This function always succeeds.

int PyDateTime_CheckExact (PyObject *ob)

Return true if ob is of type PyDateTime DateTimeType. ob must not be NULL. This function always
succeeds.

int PyTime_Check (PyObject *ob)
Return true if ob is of type PyDateTime_TimeType or asubtype of PyDateTime_TimeType. ob must not
be NULL. This function always succeeds.

int PyTime_CheckExact (PyObject *ob)
Return true if ob is of type PyDateTime_TimeType. ob must not be NULL. This function always succeeds.
int PyDelta_Check (PyObject *ob)

Return true if ob is of type PyDateTime_DeltaType or asubtype of PyDateTime_DeltaType. ob must
not be NULL. This function always succeeds.

int PyDelta_CheckExact (PyObject *ob)
Return true if ob is of type PyDateTime_DeltaType. ob must not be NULL. This function always succeeds.
int PyTZInfo_Check (PyObject *ob)

Return true if ob is of type PyDateTime_TZInfoType or a subtype of PyDateTime_TZInfoType. ob
must not be NULL. This function always succeeds.

int PyTZInfo_CheckExact (PyObject *ob)
Return true if ob is of type PyDateTime_ TZInfoType.obmustnot be NULL. This function always succeeds.

Macros to create objects:
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PyObject *PyDate_FromDate (int year, int month, int day)
Emotoepduevn tun: New reference. Return a datet ime . date object with the specified year, month and day.
PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int
usecond)

Emotoepduevn tun: New reference. Return a datetime.datet ime object with the specified year, month,
day, hour, minute, second and microsecond.

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)

Emotpepduevn tur): New reference. Return a datetime.datet ime object with the specified year, month,
day, hour, minute, second, microsecond and fold.

Néo otnv ¢kdoom 3.6.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

Emotoepduevn tyun: New reference. Return a datet ime . t ime object with the specified hour, minute, second
and microsecond.

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)

Emotoepduevn tun: New reference. Return a datetime . t ime object with the specified hour, minute, second,
microsecond and fold.

Néo oty éxdoon 3.6.

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)

Emotoepduevn tun: New reference. Return a datetime.timedelta object representing the given number
of days, seconds and microseconds. Normalization is performed so that the resulting number of microseconds and
seconds lie in the ranges documented for datetime.timedelta objects.

PyObject *PyTimeZone_FromOf£fset (PyObject *offset)
Emotoepduevn tun: New reference. Return a datetime.timezone object with an unnamed fixed offset
represented by the offset argument.

Néo otnv ¢€kdoom 3.7.

PyObject *PyTimeZone_FromOffsetAndName (PyObject *offset, PyObject *name)

Emortoepduevny wun: New reference. Return a datetime . t imezone object with a fixed offset represented by
the offset argument and with tzname name.

Néo otnv ékdoom 3.7.

Macros to extract fields from date objects. The argument must be an instance of PyDateTime_Date, including
subclasses (such as PyDateTime_DateTime). The argument must not be NULL, and the type is not checked:

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
Return the year, as a positive int.

int PyDateTime_GET_MONTH (PyDateTime_Date *0)
Return the month, as an int from 1 through 12.

int PyDateTime_GET_DAY (PyDateTime_Date *0)
Return the day, as an int from 1 through 31.

Macros to extract fields from datetime objects. The argument must be an instance of PyDateTime_DateTime,
including subclasses. The argument must not be NULL, and the type is not checked:

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)

Return the hour, as an int from 0 through 23.
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int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
Return the minute, as an int from O through 59.

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
Return the second, as an int from 0 through 59.

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
Return the microsecond, as an int from 0 through 999999.

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
Return the fold, as an int from O through 1.
Néo otnv ¢€kdoom 3.6.

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
Return the tzinfo (which may be None).
Néo otmv éxdoon 3.10.

Macros to extract fields from time objects. The argument must be an instance of PyDateTime_ Time, including
subclasses. The argument must not be NULL, and the type is not checked:

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
Return the hour, as an int from O through 23.

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
Return the minute, as an int from O through 59.

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
Return the second, as an int from 0 through 59.

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
Return the microsecond, as an int from 0 through 999999.

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
Return the fold, as an int from O through 1.
Néo oty éxdoon 3.6.

PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
Return the tzinfo (which may be None).
Néo otnv ¢xdoon 3.10.

Macros to extract fields from time delta objects. The argument must be an instance of PyDateTime_Delta, including
subclasses. The argument must not be NULL, and the type is not checked:

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
Return the number of days, as an int from -999999999 to 999999999.

Néo oty éxdoon 3.3.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
Return the number of seconds, as an int from O through 86399.

Néo omnv ékdoom 3.3.

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)

Return the number of microseconds, as an int from 0 through 999999.

Néo otnv €kdoon 3.3.
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Macros for the convenience of modules implementing the DB API:

PyObject *PyDateTime_FromTimestamp (PyObject *args)
Emotpepduevny tut): New reference. Create and return a new datet ime . datet ime object given an argument
tuple suitable for passing to datetime.datetime.fromtimestamp ().

PyObject *PyDate_FromTimestamp (PyObject *args)

Emotoepduevn tyur): New reference. Create and return a new datetime.date object given an argument tuple
suitable for passing to datetime.date.fromtimestamp ().

8.6.14 Objects for Type Hinting

Various built-in types for type hinting are provided. Currently, two types exist — GenericAlias and Union. Only
GenericAlias is exposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

Méopog tov Ztabepd ABI axd v éxdoon 3.9. Create a GenericAlias object. Equivalent to calling the Python
class types.GenericAlias. The origin and args arguments set the GenericAlias®“ __ _origin__ and
__args___ attributes respectively. origin should be a Py TypeObject*,and argscanbe a Py TupleObject*
or any PyObject*. If args passed is not a tuple, a 1-tuple is automatically constructed and __args___is set
to (args, ). Minimal checking is done for the arguments, so the function will succeed even if origin is not a
type. The GenericAlias“s __ parameters_  attribute is constructed lazily from _ _args__ . On failure,
an exception is raised and NULL is returned.

Here’s an example of how to make an extension type generic:

-

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem_ ", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

Agite emiong:
The data model method __class_getitem__ ().
Néo oty éxdoon 3.9.

PyTypeObject Py_GenericAliasType

Méopog tov Zta0epd ABI axd v ékdoon 3.9. The C type of the object returned by Py_GenericAlias ().
Equivalent to t ypes .GenericAlias in Python.

Néo otnv ¢kdoom 3.9.
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Initialization, Finalization, and Threads

See also Python Initialization Configuration.

9.1 Before Python Initialization

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.

The following functions can be safely called before Python is initialized:

« Configuration functions:

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 ()

« Informative functions:
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— Py _IsInitialized()
- PyMem_GetAllocator ()
- PyObject_GetArenaAllocator ()
- Py_GetBuildInfo()
- Py_GetCompiler()
- Py _GetCopyright ()
- Py_GetPlatform()
- Py_GetVersion()
« Utilities:
- Py_DecodeLocale ()
o Memory allocators:

- PyMem_RawMalloc ()

PyMem_RawRealloc ()
- PyMem_RawCalloc ()

- PyMem_ RawFree ()

Enueiwon: The following functions should not be called before Py Tnitialize(): Py_EncodeLocale (),
Py_GetPath(), Py GetPrefix(), Py GetExecPrefix(), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () and PyEval_InitThreads ().

9.2 Global configuration variables

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 —bb sets Py _BytesWarningFlag to 2.

int Py_BytesWarningFlag

Issue a warning when comparing bytes or bytearray with str or bytes with int. Issue an error if greater
or equal to 2.

Set by the —b option.

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.
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int Py_FrozenFlag

Suppress error messages when calculating the module search path in Py_GetPath ().
Private flag used by _freeze_module and frozenmain programs.

int Py_ HashRandomizationFlag
Set to 1 if the PYTHONHASHSEED environment variable is set to a non-empty string.

If the flag is non-zero, read the PYTHONHASHSEED environment variable to initialize the secret hash seed.

int Py_IgnoreEnvironmentFlag
Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.

Set by the —E and - T options.

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

Set by the —1 option.
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.

Set by the — T option.
Néo otnv ékdoon 3.4.

int Py_LegacyWindowsFSEncodingFlag

If the flag is non-zero, use the mbcs encoding with replace error handler, instead of the UTF-8 encoding with
surrogatepass error handler, for the filesystem encoding and error handler.

Set to 1 if the PYTHONLEGACYWINDOWSF SENCODING environment variable is set to a non-empty string.
See PEP 529 for more details.
Availability: Windows.

int Py_LegacyWindowsStdioFlag

If the flag is non-zero, use io.FileIO instead of io._ WindowsConsoleIO for sys standard streams.
Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.

See PEP 528 for more details.

Availability: Windows.

int Py_NoSiteFlag

Disable the import of the module site and the site-dependent manipulations of sys .path that it entails. Also
disable these manipulations if site is explicitly imported later (call site.main () if you want them to be
triggered).

Set by the —S option.

int Py _NoUserSiteDirectory

Don’t add the user site-packages directorytosys.path.

Set by the —s and —I options, and the PYTHONNOUSERSITE environment variable.
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int Py_OptimizeFlag

Set by the —O option and the PYTHONOPTIMIZE environment variable.

int Py_QuietFlag

Don’t display the copyright and version messages even in interactive mode.
Set by the —g option.
Néo otnv ékdoon 3.2.

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 ()

Mépog tov Zta0gpod ABI. 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.

Znuei(ﬂm]: 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)

Mépog tov 2t0.0ep6 ABI. 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.

intPy_IsInitialized()

Mépog tov Ztabepd ABI Return true (nonzero) when the Python interpreter has been initialized, false (zero) if
not. After Py_FinalizeEx () is called, this returns false until Py_Tnitialize () is called again.

int Py FinalizeEx ()

Mépog tov Ztalepd ABI and v ékdoon 3.6. 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 Initialize () againfirst). Normally the return value is 0. If there were errors during finalization (flushing
buffered data), —1 is returned.

This function is provided for a number of reasons. An embedding application might want to restart Python without
having to restart the application itself. An application that has loaded the Python interpreter from a dynamically
loadable library (or DLL) might want to free all memory allocated by Python before unloading the DLL. During
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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.
Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory allocated by
the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in circular references
between objects is not freed. Some memory allocated by extension modules may not be freed. Some extensions
may not work properly if their initialization routine is called more than once; this can happen if an application calls
Py _Initialize () and Py FinalizeEx () more than once.

Raises an auditing event cpython._PySys_ClearAuditHooks with no arguments.
Néo oty éxdoon 3.6.

void Py_Finalize ()

Mépog tov Zt00epd ABIL 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 API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.
stdio_errors should be used instead, see Python Initialization Configuration.

This function should be called before Py_Tnitialize (), if itis called at all. It specifies which encoding and
error handling to use with standard IO, with the same meanings as in str.encode ().

It overrides PYTHONIOENCODING values, and allows embedding code to control IO encoding when the
environment variable does not work.

encoding and/or errors may be NULL to use PYTHONIOENCODING and/or default values (depending on other
settings).

Note that sy s . st derr 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).
Néo otnv ¢kdoon 3.4.
AmoovpOnke oty éxdoon 3.11.

void Py_ SetProgramName (const wchar_t *name)

Mépog tov Zt00epd ABIL This API is kept for backward compatibility: setting PyConfig.program_name
should be used instead, see Python Initialization Configuration.

This function should be called before Py_Tnitialize () is called for the first time, if it is called at all. It
tells the interpreter the value of the argv [0] argument to the main () function of the program (converted to
wide characters). This is used by Py_GetPath () and some other functions below to find the Python run-time
libraries relative to the interpreter executable. The default value is 'python'. The argument should point to
a zero-terminated wide character string in static storage whose contents will not change for the duration of the
program’s execution. No code in the Python interpreter will change the contents of this storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

AmoovpOnke otnv éxdoon 3.11.
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wchar_t *Py_GetProgramName ()

Mépog tov Ztabepd ABL 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.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

AlhaEe oty ékdoon 3.10: It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetPrefix ()

Mépog tov Zt00epd ABIL. Return the prefix for installed platform-independent files. This is derived through a
number of complicated rules from the program name set with Py_ Set ProgramName () and some environment
variables; for example, if the program name is ' /usr/local/bin/python’,the prefixis ' /usr/local’.
The returned string points into static storage; the caller should not modify its value. This corresponds to the prefix
variable in the top-level Makefile and the ——prefix argument to the configure script at build time. The
value is available to Python code as sys .prefix. It is only useful on Unix. See also the next function.

This function should not be called before Py_Tnitialize (), otherwise it returns NULL.

AMoEe ot €ékdoom 3.10: It now returns NULL if called before Py Tnitialize ().

wchar_t *Py_GetExecPrefix ()

Mépog tov Zta0epd ABI. 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 SetProgramName () and some environment
variables; for example, if the program name is ' /usr/local/bin/python', the exec-prefix is ' /usr/
local'. The returned string points into static storage; the caller should not modify its value. This 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.

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.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

AlhoEe oty ékdoon 3.10: It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetProgramFullPath ()

Mépog tov Zt0.0epd ABI 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.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

AlhoEe oty €xdoon 3.10: It now returns NULL if called before Py_Tnitialize ().
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wchar_t *Py_GetPath ()

Mépog tov 2t00epd ABL Return the default module search path; this is computed from the program name (set
by Py_SetProgramName () above) and some environment variables. The returned string consists of a series
of directory names separated by a platform dependent delimiter character. The delimiter characteris ' : ' on Unix
and macOS, '; ' 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.

This function should not be called before Py _Tnitialize (), otherwise it returns NULL.
AlhoEe oty éxdoon 3.10: It now returns NULL if called before Py_Tnitialize().

void Py_SetPath (const wchar_t*)

Mépog tov Zta0epbd ABI ad tyv ékdoon 3.7. This API is kept for backward compatibility: setting PyConfig.
module_search_paths and PyConfig.module_search_paths_set should be used instead, see
Python Initialization Configuration.

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, which is ' : ' on Unix and macQOS, '; ' on Windows.

This also causes sys.executable to be set to the program full path (see Py_GetProgramFullPath())
and for sys.prefix and sys.exec_prefix to be empty. It is up to the caller to modify these if required
after calling Py_Tnitialize ().

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
The path argument is copied internally, so the caller may free it after the call completes.

AMoEe oty ékdoon 3.8: The program full path is now used for sys.executable, instead of the program
name.

AmoovpOnke otnv €kdoon 3.11.

const char *Py_GetVersion ()
Mépog tov Zt00epd ABI. 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]1" ]

The first word (up to the first space character) is the current Python version; the first 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.

See also the Py_ Version constant.

const char *Py_GetPlatform ()

Méopog tov 2t00epd ABL 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 macOS, it is 'darwin'. On
Windows, it is '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 ()

Mépog tov Z100epd ABI. Return the official copyright string for the current Python version, for example
'"Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

The returned string points into static storage; the caller should not modify its value. The value is available to Python
code as sys.copyright.

9.4. Process-wide parameters 195



The Python/C API, Anpooicuon 3.11.13

const char *Py_GetCompiler ()

Mépog tov Ztabepd ABI. Return an indication of the compiler used to build the current Python version, in square
brackets, for example:

["[GCC 20Tc2o2] "

)

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 ()

Méopog tov Zta0epd ABIL Return information about the sequence number and build date and time of the current
Python interpreter instance, for example

["#67, Aug 1 1997, 22:34:28"

)

The returned string points into static storage; the caller should not modify its value. The value is available to Python
code as part of the variable sys.version.

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)

Mépog tov Zt00epd ABL This APl is kept for backward compatibility: setting PyConfig.argv, PyConfig.
parse_argvand PyConfig.safe_path should be used instead, see Python Initialization Configuration.

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.

o 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.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.

Inueiwon: 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 sys . path element after
having called PySys_SetArgv (), for example using:

[PyRun_SimpleString("import sys; sys.path.pop(0)\n"); ]

Néo otnv ékdoom 3.1.3.
AmoovpOnke oty éxdoon 3.11.

void PySys_SetArgv (int argc, wchar_t **argv)

Méooc tov Ztobepd ABIL This API is kept for backward compatibility: setting PyConfig.argv and
PyConfig.parse_argv should be used instead, see Python Initialization Configuration.

This function works like PySys_SetArgvEx () with updatepath set to 1 unless the python interpreter was
started with the —T.
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Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.
AMoEe otny ékdoon 3.4: The updatepath value depends on — 1.

AmoovpOnke oty €xdoon 3.11.

void Py_SetPythonHome (const wchar_t *home)
Mépog tov Zt00epd ABL This AP is kept for backward compatibility: setting PyCon £ig. home should be used
instead, see Python Initialization Configuration.

Set the default <home» directory, that is, the location of the standard Python libraries. See PYTHONHOME for the
meaning of the argument string.

The argument should point to a zero-terminated character string in static storage whose contents will not change for
the duration of the program’s execution. No code in the Python interpreter will change the contents of this storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
AmoovpOnke oty €kdoon 3.11.
wchar_t *Py_GetPythonHome ()

Mépog tov Zto0epd ABIL 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.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

AlhoEe oty éxdoon 3.10: It now returns NULL if called before Py_Tnitialize ().

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 GIL has the following simple structure:

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

This is so common that a pair of macros exists to simplify it:
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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_SaveThread();
Do some blocking I/O operation
PyEval_RestoreThread(_save);

Here is how these functions work: the global interpreter lock is used to protect the pointer to the current thread state.
When releasing the lock and saving the thread state, the current thread state pointer must be retrieved before the lock is
released (since another thread could immediately acquire the lock and store its own thread state in the global variable).
Conversely, when acquiring the lock and restoring the thread state, the lock must be acquired before storing the thread
state pointer.

Inueimon: 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 z11ib and hash1ib modules release the GIL when
compressing or hashing data.

9.5.2 Non-Python created threads

When threads are created using the dedicated Python APIs (such as the threading module), a thread state is
automatically associated to them and the code showed above is therefore correct. However, when threads are created
from C (for example by a third-party library with its own thread management), they don’t hold the GIL, nor is there a
thread state structure for them.

If you need to call Python code from these threads (often this will be part of a callback API provided by the 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.
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9.5.3 Cautions about fork()

Another important thing to note about threads is their behaviour in the face of the C fork () call. On most systems with
fork (), after a process forks only the thread that issued the fork will exist. This has a concrete impact both on how
locks must be handled and on all stored state in CPython’s runtime.

The fact that only the «current» thread remains means any locks held by other threads will never be released. Python solves
this for os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards. In addition, it
resets any lock-objects in the child. When extending or embedding Python, there is no way to inform Python of additional
(non-Python) locks that need to be acquired before or reset after a fork. OS facilities such as pthread_atfork ()
would need to be used to accomplish the same thing. Additionally, when extending or embedding Python, calling fork ()
directly rather than through os. fork () (and returning to or calling into Python) may result in a deadlock by one of
Python’s internal locks being held by a thread that is defunct after the fork. PyOS_AfterFork_Child () tries to reset
the necessary locks, but is not always able to.

The fact that all other threads go away also means that CPython’s runtime state there must be cleaned up properly, which
os.fork () does. This means finalizing all other Py ThreadState objects belonging to the current interpreter and
all other Py InterpreterState 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 High-level API

These are the most commonly used types and functions when writing C extension code, or when embedding the Python
interpreter:

type PyInterpreterState

Mépog tov Tlepropiopévo API (wg wa adtagpaviis kataokevi)). 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

Mépog tov Tepropiouévo AP (wg wa adiapavic katackevn). This data structure represents the state of a single
thread. The only public data member is:

PyInterpreterState *interp
This thread’s interpreter state.

void PyEval_InitThreads ()
Mépog tov Zt00epd ABI. Deprecated function which does nothing.

In Python 3.6 and older, this function created the GIL if it didn’t exist.
AMoEe oty €kdoon 3.9: The function now does nothing.

AlhoEe oty ékdoom 3.7: This function is now called by Py_Tnitialize (),soyoudon’t have to call it yourself
anymore.

AlhaEe ot ékdoon 3.2: This function cannot be called before Py_Tnitialize () anymore.

AmoovpOnke oty €kdoon 3.9.
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int PyEval_ThreadsInitialized()

Mépog tov Zta0epd ABI. Returns anon-zero value if PyEval_TnitThreads () hasbeen called. This function
can be called without holding the GIL, and therefore can be used to avoid calls to the locking API when running
single-threaded.

AMaEe oty €xdoon 3.7: The GIL is now initialized by Py_Tnitialize ().
AmoovpOnke oty €kdoon 3.9.

PyThreadState *PyEval_SaveThread ()

Mépog tov Zta.0epbd ABI 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)

Mépog tov Zt00epd ABIL 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.

Ynueiwon: 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 canuse _Py_TIsFinalizing () orsys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

PyThreadState *PyThreadState_Get ()

Mépog tov Zta0epd ABIL 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)

Mépog tov Z10.0epd ABL Swap the current thread state with the thread state given by the argument tstate, 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 ()

Méopog tov Zta0ep6 ABI. 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 withacallto PyGILState_Release ().In general, other thread-related APIs may be used
between PyGILState_Ensure () and PyGILState_Release () callsaslongas 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 () mustsave the handle
forits callto 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.

Ynueiwon: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if
the thread was not created by Python. Youcanuse _Py_IsFinalizing() orsys.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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void PyGILState_Release (PyGILState STATE)

Mépog tov Zto0epd ABI. 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 ()
Mépog tov Zt00epd ABIL 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.

Néo otv ¢€kdoom 3.4.

The following macros are normally used without a trailing semicolon; look for example usage in the Python source
distribution.

Py_BEGIN_ALLOW_THREADS

Mépog tov Zt0o0epd ABL This macro expands to { PyThreadState *_save; _save =
PyEval_SaveThread () ;. Note that it contains an opening brace; it must be matched with a following
Py_END_ALLOW_THREADS macro. See above for further discussion of this macro.

Py_END_ALLOW_THREADS

Mépog tov 2t00epd ABI. This macro expands to PyEval_RestoreThread(_save); }. Note that it
contains a closing brace; it must be matched with an earlier Py BEGTN_ALLOW_THREADS macro. See above
for further discussion of this macro.

Py_BLOCK_THREADS

Mépog tov Z100epd ABL This macro expands to PyEval_ RestoreThread (_save) ;: it is equivalent to
Py_END_ALLOW_THREADS without the closing brace.

Py_UNBLOCK_THREADS

Mépog tov Zt00ep6 ABL 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 Tnitialize ().
AM0Ee oty ékdoon 3.7: Py_Tnitialize () now initializes the GIL.

PylnterpreterState *PyInterpreterState_New ()

Mépog tov Zt00epd ABI. Create a new interpreter state object. The global interpreter lock need not be held, but
may be held if it is necessary to serialize calls to this function.

Raises an auditing event cpython.PyInterpreterState_New with no arguments.
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void PyInterpreterState_Clear (PylnterpreterState *interp)

Mépog tov Zt00epd ABI. 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)

Mépog tov Zt00epd ABIL 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)

Mépog Tov Zt00ep6 ABL 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)
Mépog tov Zta0epd ABI. Reset all information in a thread state object. The global interpreter lock must be held.

AMoEe otnv €xdoon 3.9: This function now calls the PyThreadState.on_delete callback. Previously,
that happened in PyThreadState_Delete ().

void PyThreadState_Delete (PyThreadState *tstate)

Mépog tov Zt00ep6 ABI. 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)
Mépog tov Z100epd ABI amd v ékdoon 3.10. Get the current frame of the Python thread state zstate.

Return a strong reference. Return NULL if no frame is currently executing.
See also PyEval_ GetFrame ().

tstate must not be NULL.

Néo otnv ékdoom 3.9.

uint64_t PyThreadState_GetID (PyThreadState *tstate)

Mépog tov Zta0epd ABI anté v ékdoon 3.10. Get the unique thread state identifier of the Python thread state
tstate.

tstate must not be NULL.
Néo otnv ékdoom 3.9.

PylnterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Mépog tov Z100epd ABI antd v ékdoan 3.10. Get the interpreter of the Python thread state zstate.

tstate must not be NULL.
Néo otnv ¢€kdoom 3.9.

void PyThreadState_EnterTracing (PyThreadState *tstate)
Suspend tracing and profiling in the Python thread state tstate.

Resume them using the PyThreadState_ LeaveTracing () function.

Néo otnv ékdoon 3.11.
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void PyThreadState_LeaveTracing (PyThreadState *tstate)

Resume tracing and profiling in the Python thread state fstate suspended by
PyThreadState_ EnterTracing () function.

See also PyEval_ SetTrace () and PyEval_SetProfile () functions.
Néo otnv éxdoomn 3.11.

PylnterpreterState *PyInterpreterState_Get (void)
Mépog tov Zt100epd ABI amd v ékdoon 3.9. 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.
Néo otv éxdoom 3.9.

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

the

Mépog tov Ztabepd ABI amd v ékdoon 3.7. 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.
Néo otv ¢€kdoom 3.7.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Mépog tov Zta0epd ABI amd v éxdoon 3.8. 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.

Néo oty éxdoon 3.8.

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PyInterpreterFrame *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.

AlhaEe oty ékdoon 3.9: The function now takes a zstate parameter.

AMoEe omv  ékdoon 3.11: The frame parameter changed from PyFrameObject*

_PyInterpreterFrame*.

_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
Get the frame evaluation function.

See the PEP 523 «Adding a frame evaluation API to CPython».
Néo omnv ékdoom 3.9.

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction
eval_frame)

Set the frame evaluation function.
See the PEP 523 «Adding a frame evaluation API to CPython».
Néo otnv ¢kdoom 3.9.

to
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PyObject *PyThreadState_GetDict ()

Emotpepduevny turj: Borrowed reference. Mépog tov 210.0ep6 ABI. 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)

Mépog tov Zt00epd ABIL. 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.

AMaEe oty £xdoon 3.7: The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)

Mépog tov Zta0epd ABL 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.

Inueiwon: 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 canuse _Py_IsFinalizing () orsys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

AMoEe omv  éxdoon 3.8: 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)

Mépog tov Zta0epd ABL 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_AcquireLock ()

Mépog tov Zta0epd ABIL. Acquire the global interpreter lock. The lock must have been created earlier. If this
thread already has the lock, a deadlock ensues.

AmoovpOnke otv éxdoorn 3.2: This function does not update the current thread state. Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.

Ynueiwon: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if
the thread was not created by Python. Youcanuse _Py_IsFinalizing() orsys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

AMoEe omv  éxdoon 3.8: 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.
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void PyEval_ReleaseLlock ()

Mépog tov Z100epd ABI. Release the global interpreter lock. The lock must have been created earlier.

AmoovpOnke otv éxdoorn 3.2: 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 ()

Mépog tov Zt00ep6 ABL Create a new sub-interpreter. This is an (almost) totally separate environment for the
execution of Python code. In particular, the new interpreter has separate, independent versions of all imported
modules, including the fundamental modules builtins, _ _main__ and sys. The table of loaded modules
(sys.modules) and the module search path (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 module
object is created and initialized for each interpreter. Only C-level static and global variables are shared between
these module objects.

o For modules using single-phase initialization, e.g. PyModule Create (), the first time a particular
extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictionary is 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_Initialize (); in that case, the
extension’s initmodule function is called again. As with multi-phase initialization, this means that only
C-level static and global variables are shared between these modules.

void Py_EndInterpreter (PyThreadState *tstate)

Mépog tov Zta0epod ABI. 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
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must be held before calling this function and is still held when it returns.) Py_FinalizeEx () will destroy all
sub-interpreters that haven’t been explicitly destroyed at that point.

9.6.1 Bugs and caveats

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_* APIsis 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 ct ypes) using these APIs to allow calling of
Python code from non-Python created threads will probably be broken when using sub-interpreters.

9.7 Asynchronous Notifications

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)

Mépog tov Zta0epd ABL 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).

Sfunc 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.

Ipozwdomoinon: 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.

Néo otnv ékdoon 3.1.
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AMoEe oty éxdoon 3.9: 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.

9.8 Profiling and Tracing

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:

Value of what Meaning of arg

PyTrace_CALL Always Py_None.

PyTrace_EXCEPTION Exception information as returned by sys.exc_info ().
PyTrace_LINE Always Py_None.

PyTrace_RETURN Value being returned to the caller, or NULL if caused by an exception.
PyTrace_C_CALL Function object being called.

PyTrace_C_EXCEPTION Function object being called.

PyTrace_C_RETURN Function object being called.

PyTrace_OPCODE Always Py_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 race func 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_tracefunc 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.
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int PyTrace_C_CALL

The value for the what parameter to Py_ t race func functions when a C function is about to be called.

int PyTrace_C_EXCEPTION

The value for the what parameter to Py_ t race func functions when a C function has raised an exception.

int PyTrace_C_RETURN

The value for the what parameter to Py_ t race func functions when a C function has returned.

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new
opcode is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)

Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may be
any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj for each
thread provides a convenient and thread-safe place to store it. The profile function is called for all monitored events
except PyTrace_ LINE PyTrace_OPCODE and PyTrace_ EXCEPTION.

See also the sys.setprofile () function.
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.

See also the sys.settrace () function.

The caller must hold the GIL.

9.9 Advanced Debugger Support

These functions are only intended to be used by advanced debugging tools.

PylnterpreterState *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.

PylInterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
Return the next interpreter state object after inferp from the list of all such objects.

PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
Return the pointer to the first Py ThreadState 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.
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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.

Ynueioon: 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 PyOb ject*, these functions don’t do refcount
operations on them either.

9.10.1 Thread Specific Storage (TSS) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a new
type Py_tss_t instead of int to represent thread keys.

Néo omv éxdoon 3.7.
Agite gmiong:
«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
allocation of this type is not possible due to its implementation being opaque at build time.
Py tss t *PyThread_tss_alloc ()
Mépog tov Ztabepd ABI and v ékdoon 3.7. Return a value which is the same state as a value initialized with
Py_tss_NEEDS_INIT,or NULL in the case of dynamic allocation failure.
void PyThread_tss_free (Py_tss_t *key)

Mépog tov Zt00epd ABI amd v éxdoon 3.7. 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.

Enueiwon: A freed key becomes a dangling pointer. You should reset the key to NULL.
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Methods

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_sss_t *key)
Mépog tov Ztabepd ABL artd tnv éxdoon 3.7. Return a non-zero value if the given Pyt ss_t has been initialized
by PyThread_tss_create ().

int PyThread_tss_create (Py_fss_t *key)
Mépog tov Z100epd ABI amd v ékdoon 3.7. Return a zero value on successful initialization of a TSS key. The
behavior is undefined if the value pointed to by the key argument is not initialized by Py_tss_NEEDS_ 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.

void PyThread_tss_delete (Py_iss_t *key)
Mépog tov Ztabepd ABI arté v ékdoon 3.7. 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)
Mépog tov Z10.0ep6d ABI amd tnv éxdoen 3.7. Return a zero value to indicate successfully associating a void*
value with a TSS key in the current thread. Each thread has a distinct mapping of the key to a void* value.

void *PyThread_tss_get (Py_tss_t *key)

Méopog tov Zt00ep6 ABI aé v éxdoon 3.7. 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

AmooupOnke otnv ékdoom 3.7: This API is superseded by Thread Specific Storage (TSS) API.

Enueiwon: 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.

Due to the compatibility problem noted above, this version of the API should not be used in new code.

int PyThread_create_key ()
Mépog Tov Zta0epd ABL

void PyThread_delete_key (int key)
Mépog Tov Zt00epbd ABL

int PyThread_set_key_value (int key, void *value)
Mépog Tov Zta0epd ABL

void *PyThread_get_key_ wvalue (int key)
Mépog Tov Zta0epd ABL

void PyThread_delete_key_value (int key)
Mépog Tov Zta0epd ABL
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void PyThread_ReInitTLS ()
Mépog tov Zt00epd ABI.
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Python Initialization Configuration

Néo omv éxdoom 3.8.

Python can be initialized with Py _TnitializeFromConfig() and the PyConfig structure. It can be
preinitialized with Py_PreInitialize () and the PyPreConfig structure.

There are two kinds of configuration:

o The Python Configuration can be used to build a customized Python which behaves as the regular Python. For
example, environment variables and command line arguments are used to configure Python.

o The Isolated Configuration can be used to embed Python into an application. It isolates Python from the system.
For example, environment variables are ignored, the LC_CTYPE locale is left unchanged and no signal handler is
registered.

The Py_RunMain () function can be used to write a customized Python program.
See also Initialization, Finalization, and Threads.
Agite gmiong:

PEP 587 «Python Initialization Configuration».

10.1 Example

Example of customized Python always running in isolated mode:

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

config.isolated = 1;

(ouvéyela otV emoOUEV oeld)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
/* Decode command line arguments.
Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_ SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception (status)) {
goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear (&config);

return Py_RunMain () ;

exception:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

}

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.2 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.
Methods:

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 length.

wchar_t **items

List items.
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10.3 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
Error message.
const char *func
Name of the function which created an error, can be NULL.
Functions to create a status:
PyStatus PyStatus_Ok (void)
Success.
PyStatus PyStatus_Error (const char *err_msg)
Initialization error with a message.
err_msg must not be NULL.
PyStatus PyStatus_NoMemory (void)
Memory allocation failure (out of memory).
PyStatus PyStatus_Exit (int exitcode)
Exit Python with the specified exit code.
Functions to handle a status:

int PyStatus_Exception (PyStatus status)
Is the status an error or an exit? If true, the exception must be handled; by calling
Py _ExitStatusException () for example.

int PyStatus_IsError (PyStatus status)
Is the result an error?

int PyStatus_IsExit (PyStatus status)
Is the result an exit?

void Py_ExitStatusException (PyStatus status)

Call exit (exitcode) if status is an exit. Print the error message and exit with a non-zero exit code if
status is an error. Must only be called if PyStatus_Exception (status) is non-zero.

Inueiwon: Internally, Python uses macros which set PyStatus . func, whereas functions to create a status set func
to NULL.

Example:
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PyStatus alloc (void **ptr, size_t size)

{
*ptr =

PyMem_RawMalloc (size);

if (*ptr == NULL) {
return PyStatus_NoMemory () ;

}

return PyStatus_Ok();

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 O;

10.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.

Function to initialize a preconfiguration:

void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)

Initialize the preconfiguration with Python Configuration.

void PyPreConfig InitIsolatedConfig (PyPreConfig *preconfig)

Initialize the preconfiguration with Isolated Configuration.

Structure fields:

int allocator

Name of the Python memory allocators:

PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults).

PYMEM_ ALLOCATOR_DEFAULT (1): default memory allocators.
PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.
PYMEM_ALLOCATOR_MALLOC (3):usemalloc () of the C library.
PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks.
PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.

PYMEM_ALLOCATOR_PYMALLOC_DEBUG (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.

Default: PYMEM_ALLOCATOR_NOT_SET
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int configure_locale
Set the LC_CTYPE locale to the user preferred locale.

If equals to O, set coerce_c_localeand coerce_c_locale_ warn members to 0.
See the locale encoding.
Default: 1 in Python config, 0 in isolated config.

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.
See the locale encoding.

Default: -1 in Python config, 0 in isolated config.

int coerce_c_locale_warn

If non-zero, emit a warning if the C locale is coerced.
Default: -1 in Python config, O in isolated config.

int dev_mode

Python Development Mode: see PyConfig.dev_mode.
Default: -1 in Python mode, 0 in isolated mode.

int isolated
Isolated mode: see PyConfig.isolated.

Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

If non-zero:
e Set PyPreConfig.utf8_modeto 0,
e Set PyConfig.filesystem_encodingto "mbcs",
e Set PyConfig.filesystem errorsto "replace".
Initialized the from PYTHONLEGACYWINDOWSFSENCODING environment variable value.
Only available on Windows. #1fdef MS_WINDOWS macro can be used for Windows specific code.
Default: 0.

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 Command
Line Arguments.

Default: 1 in Python config, 0 in isolated config.

int use_environment

Use environment variables? See PyConfig.use_environment.

Default: 1 in Python config and 0 in isolated config.
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int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.

Setto 0 or 1 by the -X ut£8 command line option and the PYTHONUTF 8 environment variable.
Also set to 1 if the LC_CTYPE locale is C or POSIX.

Default: -1 in Python config and 0 in isolated config.

10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:

« Set the Python memory allocators (PyPreConfig.allocator)

o Configure the LC_CTYPE locale (locale encoding)

 Set the Python UTF-8 Mode (PyPreConfig.utf8_mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
Functions to preinitialize Python:

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
Preinitialize Python from preconfig preconfiguration.

preconfig must not be NULL.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *const *argv)

Preinitialize Python from preconfig preconfiguration.
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int arge, wchar_t *const *argv)

Preinitialize Python from preconfig preconfiguration.
Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.

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 Python UTF-8 Mode.

PyMem_SetAllocator () can be called after Py_PrelInitialize() and before
Py _InitializeFromConfig() to install a custom memory allocator. It can be called before
Py _PrelInitialize () if PyPreConfig.allocatorissetto PYMEM ALLOCATOR_NOT_SET.

Python memory allocation functions like PyMem RawMalloc () must not be used before the Python preinitialization,
whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called before
the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:
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PyStatus status;
PyPreConfig preconfig;
PyPreConfig InitPythonConfig (&preconfigqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) |
Py_ExitStatusException(status);

I3

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig

type PyConfig
Structure containing most parameters to configure Python.

When done, the PyConfig Clear () function must be used to release the configuration memory.
Structure methods:

void PyConfig_InitPythonConfig (PyConfig *config)

Initialize configuration with the Python Configuration.

void PyConfig InitIsolatedConfig (PyConfig *config)

Initialize configuration with the 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 (argv member of config) from the argv list of wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)

Set command line arguments (argv member of config) from the argv list of bytes strings. Decode bytes
using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig SetWideStringList (PyConfig *config, Py WideStringList *list, Py_ssize_t length,
wchar_t **items)

Set the list of wide strings list to length and items.

Preinitialize Python if needed.
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PyStatus PyConfig_Read (PyConfig *config)
Read all Python configuration.

Fields which are already initialized are left unchanged.

Fields for path configuration are no longer calculated or modified when calling this function, as of Python
3.11.

The PyConfig_Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

AMaEe ot €kdoom 3.10: The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argvequals 1.

AMoEe oty éxdoom 3.11: PyConfig_Read () no longer calculates all paths, and so fields listed under
Python Path Configuration may no longer be updated until Py_InitializeFromConfig () is called.

void PyConfig_Clear (PyConfig *config)

Release configuration memory.

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration
(PyPreConfig)inbased onthe PyConfig.If configuration fields which are in common with PyPreConfig
are tuned, they must be set before calling a PyCon i g method:

e PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

e PyConfig.use_environment

Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called 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.

Set parse_argv to 1 to parse argv the same way the regular Python parses Python command line
arguments and then to strip Python arguments from argv.

If argv is empty, an empty string is added to ensure that sy s . argv always exists and is never empty.
Default: NULL.
See also the orig argv member.

int safe_path
If equals to zero, Py_RunMain () prepends a potentially unsafe path to sys.path at startup:

e If argv/[0] isequal to L"-m" (python -m module), prepend the current working directory.

o If running a script (python script.py), prepend the script’s directory. If it’s a symbolic link, resolve
symbolic links.
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o Otherwise (python -c code and python), prepend an empty string, which means the current
working directory.

Set to 1 by the —P command line option and the PYTHONSAFEPATH environment variable.
Default: 0 in Python config, 1 in isolated config.
Néo omv éxdoomn 3.11.

wchar_t *base_exec_prefix

sys.base_exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *base_executable

Python base executable: sys._base_executable.

Set by the _ PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

Default: NULL.

Part of the Python Path Configuration output.

wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

int buffered_stdio
If equals to O and configure_c_stdio is non-zero, disable buffering on the C streams stdout and stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.
stdin is always opened in buffered mode.
Default: 1.

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 in these cases.
Incremented by the —b command line option.
Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.Text IOWrapper uses its default encoding.
See i0-encoding-warning for details.

Default: 0.

Néo omv éxdoaon 3.10.
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int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects. Also disables
traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODEBUGRANGES environment variable and by the -X no_debug_ranges
command line option.

Default: 1.
Néo omnv éxdoomn 3.11.

wchar_t *check_hash_pycs_mode

Control the validation behavior of hash-based .pyc files: value of the ——check—-hash-based-pycs
command line option.

Valid values:
e L"always": Hash the source file for invalidation regardless of value of the “check_source” flag.
e L"never": Assume that hash-based pycs always are valid.
e L"default": The “check_source” flag in hash-based pycs determines invalidation.

Default: L"default".

See also PEP 552 «Deterministic pycs».

int configure_c_stdio

If non-zero, configure C standard streams:

« On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.

o If buffered stdio equals zero, disable buffering of stdin, stdout and stderr streams.

o If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Windows).
Default: 1 in Python config, 0 in isolated config.

int dev_mode

If non-zero, enable the Python Development Mode.
Set to 1 by the —X dev option and the PYTHONDEVMODE environment variable.
Default: -1 in Python mode, 0 in isolated mode.

int dump_refs

Dump Python references?
If non-zero, dump all objects which are still alive at exit.
Set to 1 by the PYTHONDUMPREF' S environment variable.

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
—--with-trace-refs option.

Default: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

Default: NULL.

Part of the Python Path Configuration output.
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wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

Default: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

If non-zero, call faulthandler.enable () at startup.
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: —1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding

Filesystem encoding: sys .getfilesystemencoding ().
On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8_mode is non-zero.

e "ascii"if Pythondetectsthatnl_langinfo (CODESET) announces the ASCII encoding, whereas
the mbstowcs () function decodes from a different encoding (usually Latinl).

e "utf-8"ifnl_langinfo (CODESET) returns an empty string.
o Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example, "ANSI_X3.
4-1968" is replaced with "ascii™".

See also the i lesystem errors member.

wchar_t *filesystem_errors

Filesystem error handler: sys .getfilesystemencodeerrors ().

On Windows: use "surrogatepass" by default, or "replace" if
legacy_windows_fs_encoding of PyPreConfig is non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:
e "strict"
e "surrogateescape"
e "surrogatepass" (only supported with the UTF-8 encoding)
See also the filesystem encoding member.
unsigned long hash_seed
int use_hash_seed
Randomized hash function seed.
If use_hash_seedis zero, a seed is chosen randomly at Python startup, and hash_ seed is ignored.

Set by the PYTHONHASHSEED environment variable.
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Default use_hash_seed value: —1 in Python mode, O in isolated mode.

wchar_t *home

Python home directory.

If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.

Default: NULL.

Part of the Python Path Configuration input.

int import_time

If non-zero, profile import time.
Set the 1 by the -X importtime option and the PYTHONPROFILEIMPORTTIME environment variable.
Default: 0.

int inspect

Enter interactive mode after executing a script or a command.

If greater than O, enable inspect: 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.

Incremented by the —i command line option. Set to 1 if the PYTHONINSPECT environment variable is
non-empty.

Default: 0.

int install_signal_handlers
Install Python signal handlers?

Default: 1 in Python mode, 0 in isolated mode.

int interactive

If greater than 0, enable the interactive mode (REPL).
Incremented by the —i command line option.
Default: 0.

int isolated

If greater than 0, enable isolated mode:
e Set safe_pathto 1: don’t prepend a potentially unsafe path to sys.path at Python startup.
e Set use_environment to 0.
e Setuser_site_directory to 0:don’t add the user site directory to sys.path.

o Python REPL doesn’t import readline nor enable default readline configuration on interactive
prompts.

Set to 1 by the —I command line option.
Default: 0 in Python mode, 1 in isolated mode.

See also PyPreConfig.isolated.
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int legacy_windows_stdio

If non-zero, use io.FileIO instead of io._WindowsConsoleIO for sys.stdin, sys.stdout
and sys.stderr.

Set to 1 if the PYTHONLEGACYWINDOWSSTD IO environment variable is set to a non-empty string.
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.
Default: 0.

See also the PEP 528 (Change Windows console encoding to UTF-8).

intmalloc_stats

If non-zero, dump statistics on Python pymalloc memory allocator at exit.
Set to 1 by the PYTHONMALLOCSTATS environment variable.
The option is ignored if Python is configured using the --without-pymalloc option.
Default: 0.
wchar_t *platlibdir

Platform library directory name: sys.platlibdir.
Set by the PYTHONPLATLIBDIR environment variable.

Default: value of the PLATLIBDIR macro which is set by the configure --with-platlibdir
option (default: "1ib", or "DLLs" on Windows).

Part of the Python Path Configuration input.
Néo omv éxdoomn 3.9.

AMaEe otnv ékdoom 3.11: This macro is now used on Windows to locate the standard library extension
modules, typically under DLLs. However, for compatibility, note that this value is ignored for any non-
standard layouts, including in-tree builds and virtual environments.

wchar_t *pythonpath_env
Module search paths (sys . path) as a string separated by DELIM (os .pathsep).

Set by the PYTHONPATH environment variable.

Default: NULL.

Part of the Python Path Configuration input.
PyWideStringList module_search_paths
intmodule_search_paths_set

Module search paths: sys.path.

If module_search_paths_set is equal to 0, Py_InitializeFromConfig () will replace
module_search_paths and sets module_search_paths_set to 1.

Default: empty list (nodule_search_paths)and 0 (module_search_paths_set).
Part of the Python Path Configuration output.

int optimization_level

Compilation optimization level:
« 0: Peephole optimizer, set __debug__ to True.
e 1:Level 0, remove assertions, set ___debug__ to False.

o 2:Level 1, strip docstrings.
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Incremented by the —O command line option. Set to the PYTHONOPTIMIZE environment variable value.
Default: 0.

PyWideStringList orig_argv
The list of the original command line arguments passed to the Python executable: sys.orig_argv.

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 GetArgcArgv () function.
Default: empty list.
Néo omv éxdoon 3.10.
int parse_argv
Parse command line arguments?

If equals to 1, parse a rgv the same way the regular Python parses command line arguments, and strip Python
arguments from argv.

The PyConfig Read() function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0 in isolated mode.

AMoEe oty éxkdoon 3.10: The PyConfig.argv arguments are now only parsed if PyConfig.
parse_argvequalsto 1.

int parser_debug

Parser debug mode. If greater than O, turn on parser debugging output (for expert only, depending on
compilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
Default: 0.

int pathconfig warnings

If non-zero, calculation of path configuration is allowed to log warnings into st derr. If equals to 0, suppress
these warnings.

Default: 1 in Python mode, 0 in isolated mode.
Part of the Python Path Configuration input.
AMoEe oty €xdoon 3.11: Now also applies on Windows.

wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys .prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *program_name

Program name used to initialize executable and in early error messages during Python initialization.
o If Py_SetProgramName () has been called, use its argument.
e On macOS, use PYTHONEXECUTABLE environment variable if set.

o If the WITH_NEXT_FRAMEWORK macro is defined, use __ PYVENV_LAUNCHER___ environment
variable if set.
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e Use argv [0] of argv if available and non-empty.

o Otherwise, use L"python" on Windows, or L"python3" on other platforms.
Default: NULL.
Part of the Python Path Configuration input.

wchar_t *pycache_prefix

Directory where cached . pyc files are written: sys .pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX
environment variable.

If NULL, sys.pycache_prefixissetto None.
Default: NULL.
intquiet
Quiet mode. If greater than 0, don’t display the copyright and version at Python startup in interactive mode.
Incremented by the —g command line option.
Default: 0.

wchar_t *run_command

Value of the —c command line option.
Used by Py_RunMain ().
Default: NULL.

wchar_t *run_filename

Filename passed on the command line: trailing command line argument without —c or —m. It is used by the
Py_RunMain () function.

For example, itis set to script.py by the python3 script.py arg command line.
See also the PyConfig.skip_source_first_1ine option.
Default: NULL.

wchar_t *run_module

Value of the —m command line option.
Used by Py_RunMain ().
Default: NULL.

int show_ref_ count

Show total reference count at exit?

Setto 1 by -X showrefcount command line option.

Need a debug build of Python (the Py_REF_DEBRUG macro must be defined).
Default: 0.

int site_import

Import the site module at startup?

If equal to zero, disable the import of the module site and the site-dependent manipulations of sys.path
that it entails.

Also disable these manipulations if the site module is explicitly imported later (call site.main () if
you want them to be triggered).
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Set to 0 by the —S command line option.
sys.flags.no_site is set to the inverted value of site import.
Default: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig. run_filename source.
It allows the usage of non-Unix forms of # ! cmd. This is intended for a DOS specific hack only.
Set to 1 by the —x command line option.
Default: 0.
wchar_t *stdio_encoding

wchar_t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr
always uses "backslashreplace" error handler).

If Py_SetStandardStreamEncoding () has been called, use its error and errors arguments if they
are not NULL.

Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding:

e "UTF-8" if PyPreConfig.utf8 mode is non-zero.

o Otherwise, use the locale encoding.
Default error handler:

e On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.ut 8 mode is non-zero, or if the LC_CTYPE locale
is «C» or «POSIX».

e "strict" otherwise.

int tracemalloc
Enable tracemalloc?

If non-zero, call tracemalloc.start () atstartup.

Set by -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment
variable.

Default: —1 in Python mode, 0 in isolated mode.

int use_environment

Use environment variables?

If equals to zero, ignore the environment variables.
Set to 0 by the —E environment variable.

Default: 1 in Python config and 0 in isolated config.

intuser_site_directory

If non-zero, add the user site directory to sys.path.
Set to 0 by the —s and —I command line options.

Set to 0 by the PYTHONNOUSERSITE environment variable.
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Default: 1 in Python mode, 0 in isolated mode.

int verbose

Verbose mode. If greater than 0, print a message each time a module is imported, 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.

Incremented by the —v command line option.
Set to the PYTHONVERBOSE environment variable value.
Default: 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys . warnoptions.

The warnings module adds sys.warnoptions in the reverse order: the last PyConfig.
warnoptions item becomes the first item of warnings.filters which is checked first (highest
priority).

The —W command line options adds its value to warnopt ions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple options
can be specified, separated by commas (, ).

Default: empty list.

int write_bytecode
If equal to 0, Python won't try to write . pyc files on the import of source modules.

Set to 0 by the —B command line option and the PYTHONDONTWRITEBYTECODE environment variable.
sys.dont_write_bytecode isinitialized to the inverted value of write_ bytecode.
Default: 1.

PyWideStringList xoptions
Values of the —X command line options: sys._xoptions.

Default: empty list.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv.

The xopt ions options are parsed to set other options: see the —X command line option.

AMaEe oty €kdoon 3.9: The show_alloc_count field has been removed.

10.7 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. If Python is
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initialized multiple times, Py Import_AppendInittab () or PyImport_ExtendInittab () must be called
before each Python initialization.

The current configuration (PyConfig type) is stored in PyInterpreterState.config.

Example setting the program name:

void init_python (void)

{

PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

/* Set the program name. Implicitly preinitialize Python. */
status = PyConfig_ SetString(&config, &config.program_name,
L"/path/to/my_program") ;
if (PyStatus_Exception (status)) {
goto exception;

status = Py_InitializeFromConfig (&confiqg);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear (&configqg);
return;

exception:

PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some parameters.
Note that since 3.11, many parameters are not calculated until initialization, and so values cannot be read from the
configuration structure. Any values set before initialize is called will be left unchanged by initialization:

PyStatus init_python (const char *program_name)

{

PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig (&confiqg);

/* 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;

/* Read all configuration at once */

status = PyConfig_Read (&config);

if (PyStatus_Exception(status)) A
goto done;

(ouvéyela otV emoUeV oekida)

230

KegaAaio 10. Python Initialization Configuration




The Python/C API, Anpooicuon 3.11.13

(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject ("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/stdlib") ;
if (PyStatus_Exception(status)) {
goto done;
}
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) A
goto done;

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable") ;
if (PyStatus_Exception(status)) {
goto done;

status = Py_InitializeFromConfig(&confiqg);
done:

PyConfig_Clear (&configqg);
return status;

10.8 Isolated Configuration

PyPreConfig_InitIsolatedConfig() and PyConfig_TInitIsolatedConfig () functions create a
configuration to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environment 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 to determine paths that are unspecified. Ensure PyConfig.
home is specified to avoid computing the default path configuration.

10.9 Python Configuration

PyPreConfig_InitPythonConfig() and PyConfig_ InitPythonConfig() functions create a
configuration 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 Python UTF-8 Mode (PEP 540) depending on the LC_CTYPE
locale, PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.
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10.10 Python Path Configuration

PyConfig contains multiple fields for the path configuration:
« Path configuration inputs:

- PyConfig.home
- PyConfig.platlibdir
- PyConfig.pathconfig_warnings
- PyConfig.program_name
- PyConfig.pythonpath_env
- current working directory: to get absolute paths
- PATH environment variable to get the program full path (from PyConfig.program_name)
- __ PYVENV_LAUNCHER___ environment variable

- (Windows only) Application paths in the registry under «SoftwarePythonPythonCoreX.YPythonPath» of
HKEY_CURRENT_USER and HKEY_LOCAL_MACHINE (where X.Y is the Python version).

« Path configuration output fields:
- PyConfig.base_exec_prefix
- PyConfig.base_executable
- PyConfig.base prefix
- PyConfig.exec_prefix
- PyConfig.executable
- PyConfig.module_search_paths_set, PyConfig.module_search_paths
- PyConfig.prefix

If at least one «output field» is not set, Python calculates the path configuration to fill unset fields.
If module_search_paths_set is equal to 0, module_search_paths is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting 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 set if module_search_paths_set is set to 1. In this case, module_search_paths will be
used without modification.

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:

o If run_filename issetand is a directory which containsa __main__ .py script, prepend run_filename
to sys.path.

o 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.
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- Otherwise, prepend an empty string to sys.path.

If site_import is non-zero, sys.path can be modified by the site module. If user site directoryis
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:
e pyvenv.cfg
o ._pthfile (ex: python._pth)
e pybuilddir.txt (Unix only)
If a . _pth file is present:
e Set isolatedto 1.
e Set use_environment to 0.
e Set site import to 0.
e Set safe pathtol.

The _ PYVENV_LAUNCHER___ environment variable is used to set PyConfig.base_executable

10.11 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 ().

10.12 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.

10.13 Multi-Phase Initialization Private Provisional API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:
o «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).
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« «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;
- etc.
Private provisional API:

e PyConfig._init_main:ifsetto 0, Py _InitializeFromConfig () stops atthe «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.
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 Parh
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(&config);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg) ;
if (PyStatus_Exception(status)) A
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);

(ouvéyela otV emtduevVn oekida)
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/* ... put more configuration code here ... */

status = _Py_InitializeMain();
if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);
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Memory Management

11.1 Overview

Memory management in Python involves a private heap containing all Python objects and data structures. The
management of this private heap is ensured internally by the Python memory manager. The Python memory manager
has different components which deal with various dynamic storage management aspects, like sharing, segmentation,
preallocation or caching.

At the lowest level, a raw memory allocator ensures that there is enough room in the private heap for storing all Python-
related data by interacting with the memory manager of the operating system. On top of the raw memory allocator, several
object-specific allocators operate on the same heap and implement distinct memory management policies adapted to the
peculiarities of every object type. For example, integer objects are managed differently within the heap than strings, tuples
or dictionaries because integers imply different storage requirements and speed/space tradeoffs. The Python memory
manager thus delegates some of the work to the object-specific allocators, but ensures that the latter operate within the
bounds of the private heap.

It is important to understand that the management of the Python heap is performed by the interpreter itself and that the
user has no control over it, even if they regularly manipulate object pointers to memory blocks inside that heap. The
allocation of heap space for Python objects and other internal buffers is performed on demand by the Python memory
manager through the Python/C API functions listed in this document.

To avoid memory corruption, extension writers should never try to operate on Python objects with the functions exported
by the C library: malloc (), calloc (), realloc () and free (). This will result in mixed calls between the C
allocator and the Python memory manager with fatal consequences, because they implement different algorithms and
operate on different heaps. However, one may safely allocate and release memory blocks with the C library allocator for
individual purposes, as shown in the following example:

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/O */

if (buf == NULL)
return PyErr_NoMemory () ;
...Do some I/O operation involving buf...
res = PyBytes_FromString (buf) ;
(ouvéyela otV emtduevVn oekida)
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free(buf); /* malloc'ed */
return res;

In this example, the memory request for the I/0 buffer is handled by the C library allocator. The Python memory manager
is involved only in the allocation of the bytes object returned as a result.

In most situations, however, it is recommended to allocate memory from the Python heap specifically because the latter
is under control of the Python memory manager. For example, this is required when the interpreter is extended with new
object types written in C. Another reason for using the Python heap is the desire to inform the Python memory manager
about the memory needs of the extension module. Even when the requested memory is used exclusively for internal,
highly specific purposes, delegating all memory requests to the Python memory manager causes the interpreter to have a
more accurate image of its memory footprint as a whole. Consequently, under certain circumstances, the Python memory
manager may or may not trigger appropriate actions, like garbage collection, memory compaction or other preventive
procedures. Note that by using the C library allocator as shown in the previous example, the allocated memory for the
I/O buffer escapes completely the Python memory manager.

Agite emiong:
The PYTHONMALLOC environment variable can be used to configure the memory allocators used by Python.

The PYTHONMALLOCSTATS environment variable can be used to print statistics of the pymalloc memory allocator every
time a new pymalloc object arena is created, and on shutdown.

11.2 Allocator Domains

All allocating functions belong to one of three different «domains» (see also PyMemAllocatorDomain). These
domains represent different allocation strategies and are optimized for different purposes. The specific details on how
every domain allocates memory or what internal functions each domain calls is considered an implementation detail, but
for debugging purposes a simplified table can be found at /ere. There is no hard requirement to use the memory returned
by the allocation functions belonging to a given domain for only the purposes hinted by that domain (although this is the
recommended practice). For example, one could use the memory returned by PyMem RawMalloc () for allocating
Python objects or the memory returned by PyOb ject_Malloc () for allocating memory for buffers.

The three allocation domains are:

» Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation must go to
the system allocator or where the allocator can operate without the GIL. The memory is requested directly to the
system.

o «Mem» domain: intended for allocating memory for Python buffers and general-purpose memory buffers where
the allocation must be performed with the GIL held. The memory is taken from the Python private heap.

» Object domain: intended for allocating memory belonging to Python objects. The memory is taken from the Python
private heap.

When freeing memory previously allocated by the allocating functions belonging to a given domain,the matching specific
deallocating functions must be used. For example, PyMem Free () must be used to free memory allocated using
PyMem_Malloc ().
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11.3 Raw Memory Interface

The following function sets are wrappers to the system allocator. These functions are thread-safe, the GIL does not need
to be held.

The default raw memory allocator uses the following functions: malloc (), calloc (), realloc () and free ();
calmalloc (1) (orcalloc (1, 1)) when requesting zero bytes.

Néo otv éxdoom 3.4.

void *PyMem_RawMalloc (size_tn)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.

Requesting zero bytes returns a distinct non-NULL pointer if possible, as if PyMem_RawMalloc (1) had been
called instead. The memory will not have been initialized in any way.

void *PyMem_RawCalloc (size_t nelem, size_t elsize)

Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the allocated
memory, or NULL if the request fails. The memory is initialized to zeros.

Requesting zero elements or elements of size zero bytes returns a distinct non-NULL pointer if possible, as if
PyMem_RawCalloc (1, 1) had been called instead.

Néo otnv ¢kdoon 3.5.

void *PyMem_RawRealloc (void *p, size_t n)

Resizes the memory block pointed to by p to n bytes. The contents will be unchanged to the minimum of the old
and the new sizes.

If p is NULL, the call is equivalent to PyMem_RawMalloc (n); else if n is equal to zero, the memory block is
resized but is not freed, and the returned pointer is non-NULL.

Unless p is NULL, it must have been returned by a previous call to PyMem RawMalloc (),
PyMem RawRealloc () or PyMem RawCalloc ().

If the request fails, PyMem_RawRealloc () returns NULL and p remains a valid pointer to the previous memory
area.

void PyMem_RawFree (void *p)

Frees the memory block pointed to by p, which must have been returned by a previous call to
PyMem_RawMalloc (), PyMem_RawRealloc() or PyMem_RawCalloc (). Otherwise, or if
PyMem_RawFree (p) has been called before, undefined behavior occurs.

If p is NULL, no operation is performed.

11.4 Memory Interface

The following function sets, modeled after the ANSI C standard, but specifying behavior when requesting zero bytes, are
available for allocating and releasing memory from the Python heap.

The default memory allocator uses the pymalloc memory allocator.

IIpoedomoinon: The GIL must be held when using these functions.

AMaEe oty ékdoom 3.6: The default allocator is now pymalloc instead of system malloc ().
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void *PyMem_Malloc (size_tn)
Mépog tov Zta0epd ABIL Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.

Requesting zero bytes returns a distinct non-NULL pointer if possible, as if PyMem_Malloc (1) had been called
instead. The memory will not have been initialized in any way.
void *PyMem_Calloc (size_t nelem, size_t elsize)

Mépog tov Z100epd ABI and v éxdoon 3.7. Allocates nelem elements each whose size in bytes is elsize and
returns a pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized
to zeros.

Requesting zero elements or elements of size zero bytes returns a distinct non-NULL pointer if possible, as if
PyMem_Calloc (1, 1) had been called instead.

Néo otnv ékdoom 3.5.

void *PyMem_Realloc (void *p, size_t n)

Mépog tov Zt00epd ABI Resizes the memory block pointed to by p to n bytes. The contents will be unchanged
to the minimum of the old and the new sizes.

If pis NULL, the call is equivalent to PyMem_Malloc (n) ;else if n is equal to zero, the memory block is resized
but is not freed, and the returned pointer is non-NULL.

Unless p is NULL, it must have been returned by a previous call to PyMem Malloc (), PyMem Realloc ()
or PyMem Calloc ().

If the request fails, PyMem Realloc () returns NULL and p remains a valid pointer to the previous memory
area.

void PyMem_Free (void *p)

Mépog tov Zt00ep0d ABI. Frees the memory block pointed to by p, which must have been returned by a previous
callto PyMem_Malloc (), PyMem_Realloc () or PyMem Calloc ().Otherwise,orif PyMem_Free (p)
has been called before, undefined behavior occurs.

If p is NULL, no operation is performed.
The following type-oriented macros are provided for convenience. Note that TYPE refers to any C type.

PyMem_New (TYPE, n)

Same as PyMem_Malloc (), butallocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer cast
to TYPE*. The memory will not have been initialized in any way.

PyMem_Resize (p, TYPE, n)

Same as PyMem Realloc (), but the memory block is resized to (n * sizeof (TYPE)) bytes. Returns a
pointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in the event of failure.

This is a C preprocessor macro; p is always reassigned. Save the original value of p to avoid losing memory when
handling errors.

void PyMem_Del (void *p)
Same as PyMem_Free ().

In addition, the following macro sets are provided for calling the Python memory allocator directly, without involving the
C API functions listed above. However, note that their use does not preserve binary compatibility across Python versions
and is therefore deprecated in extension modules.

e PyMem_MALLOC (size)
e PyMem_NEW (type, size)

e PyMem_ REALLOC (ptr, size)
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e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

e PyMem_DEL (ptr)

11.5 Object allocators

The following function sets, modeled after the ANSI C standard, but specifying behavior when requesting zero bytes, are
available for allocating and releasing memory from the Python heap.

Ynueioon: There is no guarantee that the memory returned by these allocators can be successfully cast to a Python object
when intercepting the allocating functions in this domain by the methods described in the Customize Memory Allocators
section.

The default object allocator uses the pymalloc memory allocator.

IMpozwdomoinon: The GIL must be held when using these functions.

void *PyObject_Malloc (size_tn)
Mépog tov Ztabepd ABIL Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.

Requesting zero bytes returns a distinct non-NULL pointer if possible, as if PyObject_Malloc (1) had been
called instead. The memory will not have been initialized in any way.
void *PyObject_Calloc (size_t nelem, size_t elsize)

Mépog tov Zta0epd ABI and v éxdoon 3.7. Allocates nelem elements each whose size in bytes is elsize and
returns a pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized
to zeros.

Requesting zero elements or elements of size zero bytes returns a distinct non-NULL pointer if possible, as if
PyObject_Calloc (1, 1) had been called instead.

Néo otnv ¢€kdoom 3.5.

void *PyObject_Realloc (void *p, size_t n)
Mépog tov Ztabepd ABI. Resizes the memory block pointed to by p to n bytes. The contents will be unchanged
to the minimum of the old and the new sizes.

If p is NULL, the call is equivalent to PyObject_Malloc (n); else if n is equal to zero, the memory block is
resized but is not freed, and the returned pointer is non-NULL.

Unless p is NULL, it must have been returned by a previous call to PyObject_Malloc(),
PyObject_Realloc () or PyObject_Calloc ().

If the request fails, PyOb ject_Realloc () returns NULL and p remains a valid pointer to the previous memory
area.
void PyObject_Free (void *p)

Mépog tov Zt100epd ABI. Frees the memory block pointed to by p, which must have been returned by a
previous call to PyObject_Malloc (), PyObject_Realloc () or PyObject_Calloc (). Otherwise,
orif PyObject_Free (p) has been called before, undefined behavior occurs.

If p is NULL, no operation is performed.
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11.6 Default Memory Allocators

Default memory allocators:

Configuration Name PyMem_RawMallo PyMem_Malloc  PyObject_Malloc
Release build "pymalloc" malloc pymalloc pymalloc
Debug build "pymalloc_debug malloc +debug pymalloc + pymalloc +
debug debug

Release  build, without "malloc" malloc malloc malloc
pymalloc
Debug  build, without "malloc_debug" malloc+debug malloc+debug malloc + debug
pymalloc

Legend:

« Name: value for PYTHONMALLOC environment variable.

e malloc:system allocators from the standard C library, C functions: malloc (), calloc (), realloc () and

free ().

e pymalloc: pymalloc memory allocator.

o «+ debug»: with debug hooks on the Python memory allocators.

» «Debug build»: Python build in debug mode.

11.7 Customize Memory Allocators

Néo oty éxdoon 3.4.

type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:

Field

Meaning

void *ctx

void* malloc (void *ctx,
void* calloc (void *ctx,

elsize)
void*
new_size)

realloc (void

void free (void *ctx,

size_t size)

size_t nelem,
*ctx, void “*ptr,
void *ptr)

size_t

size_t

user context passed as first argument
allocate a memory block

allocate a memory block initialized with
Zeros

allocate or resize a memory block

free a memory block

AloEe ot ékdoom 3.5: The PyMemAllocator structure was renamed to PyMemA 1 locatorEx and a new

calloc field was added.

type PyMemAllocatorDomain

Enum used to identify an allocator domain. Domains:

PYMEM DOMAIN_ RAW

Functions:

e PyMem RawMalloc ()
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e PyMem RawRealloc ()
e PyMem RawCalloc ()
e PyMem RawFree ()

PYMEM_DOMAIN_ MEM

Functions:
e PyMem Malloc(),
e PyMem Realloc ()
e PyMem Calloc /()
e PyMem Free()

PYMEM DOMAIN_OBJ

Functions:
e PyObject_Malloc/()
e PyObject_Realloc ()
e PyObject_Calloc/()

e PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

Get the memory block allocator of the specified domain.

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

Set the memory block allocator of the specified domain.

The new allocator must return a distinct non-NULL pointer when requesting zero bytes.

For the PYMEM DOMAIN_RAW domain, the allocator must be thread-safe: the GIL is not held when the allocator

is called.

If the new allocator is not a hook (does not call the previous allocator), the PyMem SetupDebugHooks ()
function must be called to reinstall the debug hooks on top on the new allocator.

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

one is not supported.

IIpogdomoinon: PyMem_SetAllocator () does have the following contract:

« It can be called after Py Prelnitialize () and before Py _TnitializeFromConfig() to
install a custom memory allocator. There are no restrictions over the installed allocator other than the
ones imposed by the domain (for instance, the Raw Domain allows the allocator to be called without the
GIL held). See the section on allocator domains for more information.

o If called after Python has finish initializing (after Py_TnitializeFromConfig () hasbeen called)
the allocator must wrap the existing allocator. Substituting the current allocator for some other arbitrary

void PyMem_ SetupDebugHooks (void)

Setup debug hooks in the Python memory allocators to detect memory errors.

11.7. Customize Memory Allocators
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11.8 Debug hooks on the Python memory allocators

When Python is built in debug mode, the PyMem_ SetupDebugHooks () function is called at the Python
preinitialization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in release mode
(ex: PYTHONMALLOC=debug).

The PyMem_ SetupDebugHooks () function can be wused to set debug hooks after calling
PyMem_SetAllocator ().

These debug hooks fill dynamically allocated memory blocks with special, recognizable bit patterns. Newly
allocated memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the byte
0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by «forbidden bytes» filled with the byte OxFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

Runtime checks:

o Detect API violations. For example, detect if PyObject_Free () is called on a memory block allocated by
PyMem_ _Malloc ().

o Detect write before the start of the buffer (buffer underflow).
o Detect write after the end of the buffer (buffer overflow).

e Check that the GIL is held when allocator functions of PYMEM _DOMATN_OBJ (ex: PyObject_Malloc ())
and PYMEM_DOMATIN_MEM (ex: PyMem Malloc ()) domains are called.

On error, the debug hooks use the t racemalloc module to get the traceback where a memory block was allocated.
The traceback is only displayed if tracemalloc is tracing Python memory allocations and the memory block was
traced.

LetS=sizeof (size_t).2*S bytes are added at each end of each block of N bytes requested. The memory layout
is like so, where p represents the address returned by a malloc-like or realloc-like function (p [1: 7] means the slice of
bytes from * (p+1) inclusive up to * (p+7) exclusive; note that the treatment of negative indices differs from a Python
slice):

pl-2*S:-S]
Number of bytes originally asked for. This is a size_t, big-endian (easier to read in a memory dump).
p[-s]

API identifier (ASCII character):
o 'r' for PYMEM DOMAIN RAW.
e 'm' for PYMEM_DOMAIN_MEM.

e 'o' for PYMEM _DOMAIN_OBJ.

p[-S+1:0]
Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.
pl[O:N]

The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to uninitialized
memory. When a realloc-like function is called requesting a larger memory block, the new excess bytes
are also filled with PYMEM_CLEANBYTE. When a free-like function is called, these are overwritten with
PYMEM_DEADBYTE, to catch reference to freed memory. When a realloc- like function is called requesting
a smaller memory block, the excess old bytes are also filled with PYMEM_DEADBYTE.

pIN:N+S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.
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PI[N+S:N+2*S]
Only used if the PYMEM_DEBUG_SERIALNO macro is defined (not defined by default).

A serial number, incremented by 1 on each call to a malloc-like or realloc-like function. Big-endian size_t. If
«bad memory» is detected later, the serial number gives an excellent way to set a breakpoint on the next run, to
capture the instant at which this block was passed out. The static function bumpserialno() in obmalloc.c is the only
place the serial number is incremented, and exists so you can set such a breakpoint easily.

A realloc-like or free-like function first checks that the PYMEM_FORBIDDENBYTE bytes at each end are intact. If
they’ve been altered, diagnostic output is written to stderr, and the program is aborted via Py_FatalError(). The other
main failure mode is provoking a memory error when a program reads up one of the special bit patterns and tries to
use it as an address. If you get in a debugger then and look at the object, you're likely to see that it’s entirely filled
with PYMEM_DEADBYTE (meaning freed memory is getting used) or PYMEM_CLEANBYTE (meaning uninitialized
memory is getting used).

AMoEe oty éxdoon 3.6: The PyMem SetupDebugHooks () function now also works on Python compiled in
release mode. On error, the debug hooks now use tracemalloc to get the traceback where a memory block
was allocated. The debug hooks now also check if the GIL is held when functions of PYMEM DOMAIN_OBJ and
PYMEM_DOMAIN_MEM domains are called.

AMoEe otnv éxdoon 3.8: Byte patterns 0xCB (PYMEM_CLEANBYTE), OxDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and 0xFD to use the same values than Windows
CRT debugmalloc () and free ().

11.9 The pymalloc allocator

Python has a pymalloc allocator optimized for small objects (smaller or equal to 512 bytes) with a short lifetime. It uses
memory mappings called «arenas» with a fixed size of either 256 KiB on 32-bit platforms or 1 MiB on 64-bit platforms.
It falls back to PyMem RawMalloc () and PyMem_RawRealloc () for allocations larger than 512 bytes.

pymalloc is the default allocator of the PYMEM _DOMAIN_MEM (ex: PyMem Malloc ())and PYMEM _DOMAIN_OBJ
(ex: PyObject_Malloc ()) domains.

The arena allocator uses the following functions:
e VirtualAlloc () and VirtualFree () on Windows,
e mmap () and munmap () if available,
e malloc () and free () otherwise.

This allocator is disabled if Python is configured with the ——without-pymalloc option. It can also be disabled at
runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).

11.9.1 Customize pymalloc Arena Allocator

Néo oty éxdoom 3.4.

type PyObjectArenaAllocator

Structure used to describe an arena allocator. The structure has three fields:

Field Meaning

void *ctx user context passed as first argument
void* alloc(void *ctx, size_t size) allocate an arena of size bytes
void free (void *ctx, void *ptr, size_t size) free an arena
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void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

Get the arena allocator.

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)

Set the arena allocator.

11.10 tracemalloc C API

Néo omv éxdoom 3.7.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
Track an allocated memory block in the t racemalloc module.

Return O on success, return —1 on error (failed to allocate memory to store the trace). Return -2 if tracemalloc is
disabled.

If memory block is already tracked, update the existing trace.

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)
Untrack an allocated memory block in the t racemalloc module. Do nothing if the block was not tracked.

Return -2 if tracemalloc is disabled, otherwise return 0.

11.11 Examples

Here is the example from section Overview, rewritten so that the I/O buffer is allocated from the Python heap by using
the first function set:

PyObject *res;

char *buf = (char *) PyMem Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

The same code using the type-oriented function set:

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;

Note that in the two examples above, the buffer is always manipulated via functions belonging to the same set. Indeed, it
is required to use the same memory API family for a given memory block, so that the risk of mixing different allocators
is reduced to a minimum. The following code sequence contains two errors, one of which is labeled as fatal because it
mixes two different allocators operating on different heaps.
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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 () */

In addition to the functions aimed at handling raw memory blocks from the Python heap, objects in Python are allocated
and released with PyOb ject_New, PyObject_NewVar and PyObject_Del ().

These will be explained in the next chapter on defining and implementing new object types in C.
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Object Implementation Support

This chapter describes the functions, types, and macros used when defining new object types.

12.1 Allocating Objects on the Heap

PyObject *_PyObject_New (PyTypeObject *type)
Emotoepouevn tyun: New reference.

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)

Emotoepduevn tyun: New reference.

PyObject *PyObject_Init (PyObject *op, PyTypeObject *type)
Emotoepduevy turj: Borrowed reference. Mépog tov Zt0.0epd ABL. Initialize a newly allocated object op with its
type and initial reference. Returns the initialized object. If fype indicates that the object participates in the cyclic
garbage detector, it is added to the detector’s set of observed objects. Other fields of the object are not affected.

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Emotpepduevny tyun: Borrowed reference. Méoog tov 210.0ep6 ABI. This does everything PyObject_TInit ()
does, and also initializes the length information for a variable-size object.

PyObject_New (TYPE, typeobj)
Allocate a new Python object using the C structure type TYPE and the Python type object frypeobj
(PyTypeObject *). Fields not defined by the Python object header are not initialized. The caller will own the
only reference to the object (i.e. its reference count will be one). The size of the memory allocation is determined
from the tp_basicsize field of the type object.

PyObject_NewVar (TYPE, typeobj, size)
Allocate a new Python object using the C structure type TYPE and the Python type object typeobj
(PyTypeObject*). Fields not defined by the Python object header are not initialized. The allocated memory
allows for the TYPE structure plus size (Py_ssize_t) fields of the size given by the tp_itemsize field of
typeobj. This is useful for implementing objects like tuples, which are able to determine their size at construction
time. Embedding the array of fields into the same allocation decreases the number of allocations, improving the
memory management efficiency.
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void PyObject_Del (void *op)
Releases memory allocated to an object using PyOb ject__New or PyOb ject_NewVar. This is normally called
from the tp_dealloc handler specified in the object’s type. The fields of the object should not be accessed after
this call as the memory is no longer a valid Python object.

PyObject _Py_NoneStruct
Object which is visible in Python as None. This should only be accessed using the Py_None macro, which
evaluates to a pointer to this object.

Agite emiong:

PyModule Create()
To allocate and create extension modules.

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
Mépog tov Teproprouévo APL (Mdvo opiouéva uédn amotedotv uéoog tov arabepotv ABL) 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 Py Ob ject, but every pointer to a Python object can
be casttoa PyObject*. Access to the members must be done by using the macros Py REFCNT and Py_ TYPE.

type PyVarObject

Méoog tov lepropiopévo APL (Mévo optouéva uédn amotedotv uéoog tov otabspov) ABI.) This is an extension
of PyOb ject thatadds the ob_ s i ze 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
PyObject_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 PyVarObject above.
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int Py_ Is (PyObject *¥x, PyObject *y)
Mépog tov Z100epd ABI amd v ékdoon 3.10. Test if the x object is the y object, the same as x is y in Python.
Néo otnv ¢kdoon 3.10.

int Py_IsNone (PyObject *X)

Mépog tov Ztabepd ABI até tnv ékdoon 3.10. Test if an object is the None singleton, the same as x is None
in Python.

Néo otnv ¢kdoon 3.10.
int Py_IsTrue (PyObject *x)

Mépog tov Z100epd ABI and v ékdoon 3.10. Test if an object is the True singleton, the sameas x is True
in Python.

Néo otnv ékdoon 3.10.
int Py_IsFalse (PyObject *x)

Mépog tov 2t00epd ABI and v éxdoon 3.10. Test if an object is the False singleton, the same as x is
False in Python.

Néo otnv éxdoaon 3.10.
PyTypeObject *Py_TYPE (PyObject *0)
Get the type of the Python object o.
Return a borrowed reference.
Use the Py_SET _TYPE () function to set an object type.

AMoEe oty ékdoon 3.11: Py_ TYPE () is changed to an inline static function. The parameter type is no longer
const PyObject*.

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 (0) == type.
Néo otnv ékdoom 3.9.
void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
Set the object o type to type.
Néo otnv ékdoom 3.9.
Py_ssize_t Py_REFCNT (PyObject *0)
Get the reference count of the Python object o.
Use the Py SET REFCNT () function to set an object reference count.
AMoEe ot ékdoom 3.11: The parameter type is no longer const PyObject*.
AMoEe oty £xdoon 3.10: Py_REFCNT () is changed to the inline static function.

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)

Set the object o reference counter to refcnt.
Néo otnv ¢€kdoom 3.9.

Py_ssize_t Py_SIZE (PyVarObject *0)
Get the size of the Python object o.

Use the Py SET SIZE () function to set an object size.

AMoEe oty éxdoon 3.11: Py_STZE () is changed to an inline static function. The parameter type is no longer
const PyVarObject*.
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void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
Set the object o size to size.

Néo otnv ¢€kdoom 3.9.
PyObject_HEAD_INIT (type)

This is a macro which expands to initialization values for a new PyObject type. This macro expands to:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, 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

Mépog tov Zt10.0epd ABIL Type of the functions used to implement most Python callables in C. Functions of this
type take two PyOb ject* 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

Mépog tov Zt00epd ABI Type of the functions used to implement Python callables in C with signature
METH_VARARGS | METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

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);
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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)

Néo otv éxdoom 3.9.

type PyMethodDef
Mépog tov Zta0epd ABI (cvumeotiaufavoudvwv 6Awv tov ueAwv). Structure used to describe a method of an
extension type. This structure has four fields:
const char *ml_name
Name of the method.

PyCFunction m1_meth

Pointer to the C implementation.

intml_flags
Flags bits indicating how the call should be constructed.

const char *m1_doc

Points to the contents of the docstring.

The m1_methisaC function pointer. The functions may be of different types, but they always return PyOb ject *. If the
function is not of the PyCFunct ion, the compiler will require a cast in the method table. Even though PyCFunction
defines the first parameter as PyOb ject *, it is common that the method implementation uses the specific C type of the
self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

There are these calling conventions:

METH_VARARGS

This is the typical calling convention, where the methods have the type PyCFunct i on. The function expects two
PyObject* values. The first one is the self object for methods; for module functions, it is the module object.
The second parameter (often called args) is a tuple object representing all arguments. This parameter is typically
processed using PyArg_ParseTuple () or PyArg_UnpackTuple ().

METH_KEYWORDS

Can only be used in certain combinations with other flags: METH _VARARGS | METH_KEYWORDS,
METH _FASTCALL | METH_KEYWORDS and METH_METHOD | METH _FASTCALL | METH_KEYWORDS.

METH VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using
PyArg_ParseTupleAndKeywords ().

METH_FASTCALL

Fast calling convention supporting only positional arguments. The methods have the type _PyCFunctionFast.
The first parameter is self, the second parameter is a C array of PyOb ject* values indicating the arguments and
the third parameter is the number of arguments (the length of the array).
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Néo otv ¢kdoom 3.7.
AMoEe oty éxdoon 3.10: METH_FASTCALL is now part of the stable ABI.

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 vecrorcall
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.

Néo otnv ékdoon 3.7.

METH_METHOD
Can only be used in the combination with other flags: METH_METHOD | METH _FASTCALL |
METH KEYWORDS.

METH METHOD | METH _FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that contains
the method in question. The defining class might be a superclass of Py_TYPE (self).

The method needs to be of type PyCMethod, the same as for METH_FASTCALL | METH_KEYWORDS with
defining_class argument added after self.

Néo oty éxdoon 3.9.

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.

The function must have 2 parameters. Since the second parameter is unused, Py_ UNUSED can be used to prevent
a compiler warning.
METH_O

Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg ParseTuple () witha "O" argument. They have the type PyCFunction, with the self parameter,
and a PyOb ject* parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is used
to create class methods, similar to what is created when using the classmethod () built-in function.
METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to create
static methods, similar to what is created when using the 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 repeated
definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains slot, for example,
would generate a wrapped method named ___contains__ () and preclude the loading of a corresponding
PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in place of the wrapper
object and will co-exist with the slot. This is helpful because calls to PyCFunctions are optimized more than wrapper
object calls.
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PyObject *PyCMethod_New ( PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)
Emotpepduevn tiun: New reference. Méoog tov 210.0ep6 ABI atd tnv ékdoon 3.9. Turn ml into a Python callable
object. The caller must ensure that m/ outlives the callable. Typically, ml is defined as a static variable.

The self parameter will be passed as the self argument to the C function in m1->ml_meth when invoked. self
can be NULL.

The callable object’s __module___ attribute can be set from the given module argument. module should be a
Python string, which will be used as name of the module the function is defined in. If unavailable, it can be set to
None or NULL.

Agite gmiong:
function._ module_

The cls parameter will be passed as the defining_class argument to the C function. Must be set if METH_METHOD
issetonml->ml_flags.

Néo otv éxdoom 3.9.

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)

Emotpepduevn tur): New reference. Méoog tov 2t00epd ABI Equivalent to PyCMethod_New (ml, self,
module, NULL).

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

Emotoepduevy wui): New reference. Méopoc tov Zt00epd ABI amd v éxdoon 3.4. Equivalent to
PyCMethod_New (ml, self, NULL, NULL).

12.2.3 Accessing attributes of extension types

type PyMemberDef

Mépog tov Ztabepd ABI (cuumeotdaufavouévov SAwv twv ueidv). Structure which describes an attribute of
a type which corresponds to a C struct member. Its fields are:

Field C Type Meaning

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.
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Macro name C type
T_SHORT short

T_INT int

T_LONG long
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBJECT PyObject *
T_OBJECT_EX PyObject *

T CHAR char

T BYTE char

T _UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T BOOL char
T_LONGLONG long long
T_ULONGLONG unsigned 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 de1 statement on that attribute more correctly than T_OBJECT.

flags can be 0 for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX 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
objects. These must be defined with T_PYSSIZET and READONLY, for example:

static PyMemberDef spam_type_members][]

{" dictoffset_ ", T_PYSSIZET,

{NULL} /* Sentinel */
bi

offsetof (Spam_object, dict), READONLY},

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)
Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.

Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)

Set an attribute belonging to the object at address obj_addr to object o. The attribute to set is described by
PyMemberDef m. Returns 0 if successful and a negative value on failure.

type PyGetSetDef

Mépog tov Ztabepd ABI (cuumeotdaufavouévav Sdwv twv ueiov). Structure to define property-like access
for a type. See also description of the PyTypeObject.tp_getset slot.
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Field C Type Meaning

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 user data pointer, providing additional data for getter and setter

The get function takes one PyObject* parameter (the instance) and a user data pointer (the associated
closure):

[typedef PyObject * (*getter) (PyObject *, wvoid *); ]

It should return a new reference on success or NULL with a set exception on failure.

set functions take two PyOb ject* parameters (the instance and the value to be set) and a user data pointer (the
associated closure):

[typedef int (*setter) (PyObject *, PyObject *, void *); ]

In case the attribute should be deleted the second parameter is NULL. Should return O on success or —1 with a set
exception on failure.

12.3 Type Objects

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 Examples section provides at-a-glance insight into the meaning and use
of PyTypeObject.

12.3.1 Quick Reference

«tp slots»
PyTypeObject Slot*1da 258, 1 Type special methods/attrs Info*&hida 258, 2
CTDI

<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

guvexela atny enouevn oeAida
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Mivakag 1 - cuveyiCetal amnd tnv nponyoupevn ceAida

PyTypeObject Slot>eMda 258, 1 Type special methods/attrs Info®
CTDI
(tp_setattr) setattrfunc _ setattr__, __ delattr__ G
tp_as_async PyAsyncMethods * sub-slots %
tp_repr reprfunc _repr__ X X X
tp_as_number PyNumberMethods * sub-slots %
tp_as_sequence PySequenceMethods * sub-slots %
tp_as_mapping PyMappingMethods * sub-slots %
tp_hash hashfunc __hash__ X G
tp_call ternaryfunc _call__ X X
tp_str reprfunc _str X X
tp_getattro getattrofunc __getattribute__, __ getattr__ X X G
tp_setattro setattrofunc __setattr__, _ delattr__ X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * __doc X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc e, _le , __eq X G
_ gt ,_ 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 descrsetfunc _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 *
[tp_subclasses] PyObject * __subclasses___
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc
! (): A slot name in parentheses indicates it is (effectively) deprecated.
<>: Names in angle brackets should be initially set to NULL and treated as read-only.
[1: Names in square brackets are for internal use only.
<R> (as a prefix) means the field is required (must be non-NULL).
2 Columns:
«O»: seton PyBaseObject_Type
«T»:seton PyType_ Type
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sub-slots
Slot Type special methods
am_await unaryfunc __await__
am_aiter unaryfunc __aiter__
am_anext unaryfunc __anext__
am_send sendfunc
nb_add binaryfunc _add__ _ radd__
nb_inplace_add binaryfunc __dadd__
nb_subtract binaryfunc _sub__ rsub
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _mul___ rmul__
nb_inplace_multiply binaryfunc __imul__
nb_remainder binaryfunc __mod__ _ rmod__
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod__
__rdivmod___
nb_power ternaryfunc __poOW__ __ Ipow__
nb_inplace_power ternaryfunc __ipow__
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_1lshift binaryfunc _ Ishift_ _ rlshift_
nb_inplace_lshift binaryfunc __ilshift
nb_rshift binaryfunc __rshift  rrshift
nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc __dand__
nb_xor binaryfunc __XOr__ __ IXOr__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc _Oor__ __ ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float_
nb_floor_divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true divide binaryfunc _ truediv__
P defaylt G slot is sefta NULL) ; o binaryfunc __itruediv__

X - PyType_Ready sets this value 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").

«I»: inheritance

X — type slot is inherited via *PyType_Ready* if defined with a *NULL* value

% — the slots of the sub-struct are inherited individually

G - inherited, but only in combination with other slots; see the slot's description
2

— it's complicated; see the slot's description

Note that some slots are effectively inherited through the normal attribute lookup chain.
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Mivakag 2 - ouvexiCetal and tnv mponyoupevn oeAida

Slot Type special methods
nb_inplace_matrix multiply binaryfunc __imatmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,
_delitem__
sqg_length lenfunc _len__
sqg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sg_item ssizeargfunc __getitem___
sqg_ass_item ssizeobjargproc _setitem___
__delitem___
sq_contains objobjproc __contains__
sq_inplace_concat binaryfunc __dadd__
sq_inplace_repeat ssizeargfunc __imul__

bf_getbuffer
bf releasebuffer

getbufferproc()
releasebufferproc ()
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slot typedefs

typedef Parameter Types Return Type

allocfunc PyObject *
PyTypeObject *
Py ssize_t

destructor PyObject * void

freefunc void * void

traverseproc int
PyObject *
visitproc
void *

newfunc PyObject *
PyObject *
PyObject *
PyObject *

initproc int
PyObject *
PyObject *
PyObject *

reprfunc PyObject * PyObject *

getattrfunc PyObject *
PyObject *
const char *

setattrfunc int
PyObject *
const char *
PyObject *

getattrofunc PyObject *
PyObject *
PyObject *

setattrofunc int
PyObject *
PyObject *
PyObject *

descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *

12.3. Type Objects 261

descrsetfunc int
PyObject *

DrrAA = A~ ~+ %k



The Python/C API, Anpooicuon 3.11.13

See Slot Type typedefs below for more detail.

12.3.2 PyTypeObject Definition

The structure definition for Py TypeOb ject 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 (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;
(ouvéyela otV emtduevVn oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObject;

12.3.3 PyObiject Slots

The type object structure extends the PyVarObject structure. The ob_size field is used for dynamic types
(created by type_new (), usually called from a class statement). Note that Py Type_ Type (the metatype) initializes
tp_itemsize, which means that its instances (i.e. type objects) must have the ob_ si ze field.

Py _ssize_t PyObject .ob_refcnt

Mépogc tov Ztalepd ABIL This is the type object’s reference count, initialized to 1 by the
PyObject_ HEAD_INIT macro. Note that for statically allocated type objects, the type’s instances (objects
whose ob__t ype points back to the type) do not count as references. But for dynamically allocated type objects,
the instances do count as references.

Inheritance:
This field is not inherited by subtypes.

PyTypeObject ¥PyObject .ob_type
Mépog tov Zt00epd ABL 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 s PyType_ Type. However, for dynamically
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
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field explicitly at the start of the module’s initialization function, before doing anything else. This is typically done
like this:

[FooiType.obitype = &PyType_Type;

1

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_type field of the base class. PyType Ready () will not change this
field if it is non-zero.

Inheritance:

This field is inherited by subtypes.

PyObject *PyObject ._ob_next

PyObject *PyObject ._ob_prev

These fields are only present when the macro Py TRACE_REFS is defined (see the configure
——with-trace-refs option).

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 uses are the sys . getobjects () function
and to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF S
is set.

Inheritance:

These fields are not inherited by subtypes.

12.3.4 PyVarObject Slots

Py _ssize_t PyVarObject .ob_size

Mépog Tov 2t00epd ABL. 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 PyTypeObiject 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_ '.
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For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is made
accessible as the __module___ attribute, and everything after the last dot is made accessible as the __name___
attribute.

If no dot is present, the entire tp_name field is made accessible as the _ name__ attribute, and the
__module___ attribute is undefined (unless explicitly set in the dictionary, as explained above). This means your
type will be impossible to pickle. Additionally, it will not be listed in module documentations created with pydoc.

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially
tp_itemsize).

Inheritance:
This field is not inherited by subtypes.

Py _ssize_t PyTypeObject.tp_basicsize
Py _ssize_t PyTypeObject.tp_itemsize

These fields allow calculating the size in bytes of instances of the type.

There are two kinds of types: types with fixed-length instances have a zero tp_itemsize field, types with
variable-length instances have a non-zero tp_ i t ems i ze field. For a type with fixed-length instances, all instances
have the same size, givenin 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__s i ze field. There are exceptions: for example, ints use a negative ob__ s i ze to indicate
anegative number, and Nis abs (ob_size) there. Also, the presence of an ob_ s i ze 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_ s i ze field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prevand _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_hbasicsize. Example: suppose a type implements an array of double. tp_itemsize
is sizeof (double). It is the programmer’s responsibility that tp_basicsize is a multiple of
sizeof (double) (assuming this is the alignment requirement for double).

For any type with variable-length instances, this field must not be NULL.
Inheritance:

These fields are inherited separately by subtypes. If the base type has anon-zero tp_ i temsize,itis 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 Py TypeObject .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 E111ipsis). 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 (using the
freeing function corresponding to the allocation function used to allocate the buffer), and call the type’s tp_free

12.3. Type Objects 265



The Python/C API, Anpooicuon 3.11.13

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_NewVar,or PyObject_GC_Del () if the instance was allocated using PyObject_GC_New
or PyObject_GC_NewVar.

If the type supports garbage collection (has the Py TPFLAGS HAVE_GC flag bit set), the destructor should call
PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);

Finally, if the type is heap allocated (Py_TPFLAGS_HEAPTYPE), the deallocator should release the owned
reference to its type object (via Py_DECREF ()) after calling the type deallocator. In order to avoid dangling
pointers, the recommended way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free(self);
Py_DECREF (tp) ;

Inheritance:

This field is inherited by subtypes.

Py _ssize_t PyTypeObject.tp_vectorcall_offset

An optional offset to a per-instance function that implements calling the object using the vectorcall protocol, a more
efficient alternative of the simpler tp_call.

This field is only used if the flag Py TPFLAGS_HAVE_VECTORCALL is set. If so, this must be a positive integer
containing the offset in the instance of a vectorcallfunc 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 tp_call and make sure its behaviour
is consistent with the vectorcallfunc function. This can be done by setting fp_call to PyVectorcall Call ().

Ipogwdomoinon: It is not recommended for mutable heap types to implement the vectorcall protocol. When a
user sets ___call__ in Python code, only #p_call is updated, likely making it inconsistent with the vectorcall
function.

AMaEe ot €kdoom 3.8: 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 types without the Py TPFLAGS IMMUTABLETYPE flag set (including subclasses
defined in Python).
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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.

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
asynchronous iterator protocols at the C-level. See Async Object Structures for details.

Néo otnv ¢kdoom 3.5: 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 Py TypeObject .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> isreturned, where $s is replaced by the
type name, and $p by the object’s memory address.

PyNumberMethods *PyTypeObject .tp_as_number

Pointer to an additional structure that contains fields relevant only to objects which implement the number protocol.
These fields are documented in Number Object Structures.

Inheritance:

The tp_as_number field is not inherited, but the contained fields are inherited individually.
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PySequenceMethods *Py TypeObject .tp_as_sequence

Pointer to an additional structure that contains fields relevant only to objects which implement the sequence
protocol. These fields are documented in Sequence Object Structures.

Inheritance:

The tp_as_sequence field is not inherited, but the contained fields are inherited individually.

PyMappingMethods *PyTypeObject .tp_as_mapping

Pointer to an additional structure that contains fields relevant only to objects which implement the mapping protocol.
These fields are documented in Mapping Object Structures.

Inheritance:

The tp_as_mapping field is not inherited, but the contained fields are inherited individually.

hashfunc PyTypeObject .tp_hash

An optional pointer to a function that implements the built-in function hash ().

The signature is the same as for PyObject_Hash ():

[Py_hash_t tp_hash (PyObject *);

]

The value -1 should not be returned as a normal return value; when an error occurs during the computation of the
hash value, the function should set an exception and return —1.

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyObject_HashNotImplemented ().

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 PyOb ject_Call ():

[PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs); J

Inheritance:

This field is inherited by subtypes.

reprfunc Py TypeObject .tp_str

An optional pointer to a function that implements the built-in operation st r () . (Note that st r is a type now, and
str () calls the constructor for that type. This constructor calls PyObject_Str () to do the actual work, and
PyObject_Str () will call this handler.)

The signature is the same as for PyObject_Str():

[PyObject *tp_str (PyObject *self); J
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The function must return a string or a Unicode object. It should be a «friendly» string representation of the object,
as this is the representation that will be used, among other things, by the print () function.

Inheritance:

This field is inherited by subtypes.

Default:

When this field is not set, PyObject_Repr () is called to return a string representation.

getattrofunc Py TypeObject .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:
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 Py TypeObject .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 *PyTypeObject .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_bufrfer field is not inherited, but the contained fields are inherited individually.
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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_traverse and tp_clear fields, i.e. if the Py TPFLAGS_ HAVE_GC flag bit is clear in the subtype and
the tp_traverseand tp_clear fields in the subtype exist and have NULL values.

Default:
PyBaseObject_Type uses Py_ TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

The following bit masks are currently defined; these can be ORed together using the | operator to form the value of
the tp_flags field. The macro PyType HasFeature () takes a type and a flags value, tp and f, and checks
whether tp—->tp_flags & £ isnon-zero.

Py TPFLAGS_HEAPTYPE

This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). In this case, the ob_t ype field of its instances is considered a reference to
the type, and the type object is INCREFed when a new instance is created, and DECREF’ed when an instance
is destroyed (this does not apply to instances of subtypes; only the type referenced by the instance’s ob_type
gets INCREFed or DECREF’ed).

Inheritance:
77?

Py TPFLAGS_BASETYPE

This bit is set when the type can be used as the base type of another type. If this bit is clear, the type cannot
be subtyped (similar to a «final» class in Java).

Inheritance:
M
Py TPFLAGS_READY
This bit is set when the type object has been fully initialized by Py Type_ Ready ().
Inheritance:
m
Py_TPFLAGS_READYING
This bit is set while Py Type_Ready () is in the process of initializing the type object.
Inheritance:
M7
Py_TPFLAGS_HAVE_GC

This bit is set when the object supports garbage collection. If this bit is set, instances must be created
using PyObject_GC_New and destroyed using PyOb ject_GC_Del (). More information in section
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Supporting Cyclic Garbage Collection. 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_GCflagbitis inherited together withthe t p_ t raverseand tp_clearfields,
i.e.if the Py TPFLAGS_HAVE_GC flagbitis clear in the subtype and the tp_traverseand tp_clear
fields in the subtype exist and have NULL values.

Py TPFLAGS_DEFAULT

This is a bitmask of all the bits that pertain to the existence of certain fields in the type object and its extension
structures. Currently, it includes the following bits: Py_ TPFLAGS_HAVE_STACKLESS_EXTENSION.

Inheritance:
77?7
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).

e meth.__get__ (None, <cls) (*args, **kwds) must be equivalent to meth (*args,
**kwds) .

This flag enables an optimization for typical method calls like obj .meth () : it avoids creating a temporary
«bound method» object for ob7j .meth.

Néo omv éxdoon 3.8.
Inheritance:

This flag is never inherited by types without the Py_ TPFLAGS_TMMUTABLETYPE flag set. For extension
types, it is inherited whenever tp_descr_get is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_ SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py TPFLAGS_UNICODE_SUBCLASS
Py _TPFLAGS_DICT SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py TPFLAGS_TYPE_SUBCLASS

These flags are used by functions such as PyLong_Check () to quickly determine if a type is a subclass
of a built-in type; such specific checks are faster than a generic check, like PyObject_IsInstance ().
Custom types that inherit from built-ins should have their tp_flags set appropriately, or the code that
interacts with such types will behave differently depending on what kind of check is used.
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Py TPFLAGS_HAVE_FINALIZE

This bit is set when the tp_ finalize slotis present in the type structure.
Néo omv éxdoon 3.4.

AmooupOnke oty éxdoon 3.8: This flag isnt necessary anymore, as the interpreter assumes the
tp_finalize slotis 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 types with the Py TPFLAGS IMMUTABLETYPE flag set, if tp_call is also
inherited.

Néo omv éxdoomn 3.9.

Py TPFLAGS_IMMUTABLETYPE

This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.
PyType_Ready () automatically applies this flag to static types.

Inheritance:

This flag is not inherited.

Néo oty éxdoon 3.10.

Py TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_new to NULL and don’t create the __new___key in the type
dictionary.

The flag must be set before creating the type, not after. For example, it must be set before Py Type_Ready ()
is called on the type.

The flag is set automatically on static typesif tp_baseis NULL or §PyBaseObject_Typeand tp_new
is NULL.

Inheritance:

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).

Ynueiwon: To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for an abstract
base class), do not use this flag. Instead, make tp_new only succeed for subclasses.

Néo oty éxdoon 3.10.

Py TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of amatch
block. It is automatically set when registering or subclassing collections.abc.Mapping, and unset
when registering collections.abc.Sequence.

Ynueimon: Py TPFLAGS_MAPPING and Py TPFLAGS_SEQUENCE are mutually exclusive; it is an
error to enable both flags simultaneously.

Inheritance:

This flag is inherited by types that do not already set Py TPFLAGS_SEQUENCE.
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Agite griong:
PEP 634 - Structural Pattern Matching: Specification
Néo omv éxdoon 3.10.

Py TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the subject of a
match block. It is automatically set when registering or subclassing collections.abc.Sequence,
and unset when registering collections.abc.Mapping.

Ynueiwon: Py TPFLAGS_MAPPING and Py TPFLAGS_SEQUENCE are mutually exclusive; it is an
error to enable both flags simultaneously.

Inheritance:

This flag is inherited by types that do not already set Py_ TPFLAGS_MAPPING.
Agite emiong:

PEP 634 - Structural Pattern Matching: Specification

Néo omv éxdoon 3.10.

const char *PyTypeObject .tp_doc

An optional pointer to a NUL-terminated C string giving the docstring for this type object. This is exposed as the
___doc___ attribute on the type and instances of the type.

Inheritance:
This field is not inherited by subtypes.

traverseproc PyTypeObject .tp_traverse

An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

[int tp_traverse (PyObject *self, visitproc visit, wvoid *arg); ]

More information about Python’s garbage collection scheme can be found in section Supporting Cyclic Garbage
Collection.

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_ VISIT () on each of the instance’s members that are Python
objects that the instance owns. For example, this is function 1ocal_traverse () fromthe thread extension
module:

g
static int

local_traverse (localobject *self, visitproc visit, wvoid *argq)
{

Py _VISIT (self->args);

Py_VISIT (self->kw);

Py _VISIT (self->dict);

return O;

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.
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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.

Ipozdoroinon: When implementing tp_t raverse, only the members that the instance owns (by having
strong references to them) must be visited. For instance, if an object supports weak references via the
tp_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 VISTT () requires the visit and arg parameters to local_traverse () to have these specific
names; don’t name them just anything.

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either visit
Py_TYPE (self),or delegate this responsibility by calling t p_t raverse of another heap-allocated type (such
as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

AMEe oty €kdoon 3.9: 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 *);

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 t p_clear functions of other types must be sufficient to break any cycle containing a tuple. This
isn’t immediately obvious, and there’s rarely a good reason to avoid implementing tp_clear.

Implementations of tp_ clear should drop the instance’s references to those of its members that may be Python
objects, and set its pointers to those members to NULL, as in the following example:

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR (self->args);
Py_CLEAR (self->kw);
Py_CLEAR (self->dict);
return O;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be released (via Py_ DECREF () ) until after the pointer to the contained object is set to NULL. This
is because releasing the reference 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
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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.

Note that tp_clear is not always called before an instance is deallocated. For example, when reference
counting is enough to determine that an object is no longer used, the cyclic garbage collector is not involved and
tp_dealloc is called directly.

Because the goal of tp_clear functions is to break reference cycles, it’s not necessary to clear contained
objects like Python strings or Python integers, which can’t participate in reference cycles. On the other hand, it
may be convenient to clear all contained Python objects, and write the type’s tp_dealloc function to invoke
tp_clear.

More information about Python’s garbage collection scheme can be found in section Supporting Cyclic Garbage
Collection.

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 PyTypeObject .tp_richcompare
An optional pointer to the rich comparison function, whose signature is:

[Pyobject *tp_richcompare (PyObject *self, PyObject *other, int op);

The first parameter is guaranteed to be an instance of the type that is defined by Py TypeObject.

The function should return the result of the comparison (usually Py_True or Py_False). If the comparison
is undefined, it must return Py_Not Implemented, if another error occurred it must return NULL and set an
exception condition.

The following constants are defined to be used as the third argument for tp_richcompare and for
PyObject_RichCompare ():

Constant Comparison

<
Py_ LT

<=
Py_LE
Py_EQ o

! p—
Py_NE

>
Py_GT

>=
Py_GE

The following macro is defined to ease writing rich comparison functions:
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Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)

Return Py_True or Py_False from the function, depending on the result of a comparison. VAL_A and
VAL_B must be orderable by C comparison operators (for example, they may be C ints or floats). The third
argument specifies the requested operation, as for PyObject_RichCompare ().

The returned value is a new strong reference.
On error, sets an exception and returns NULL from the function.
Néo omv éxdoon 3.7.

Inheritance:

Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with ¢ p_ ha sh: a subtype inherits tp_ richcompareand tp_hash
when the subtype’s tp_richcompare and tp_hash are both NULL.

Default:

PyBaseObject_Type provides a t p_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 PyOb ject* 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
reference list head for instances of the type, and the slot’s offset is stored in the type’s tp_weaklistoffset.

When a type’s __slots___ declaration does not contain a slot named __weakref
tp_weaklistoffset from its base type.

, the type inherits its

getiterfunc PyTypeObject .tp_iter

An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

This function has the same signature as PyOb ject_GetIter ():

[PyObject *tp_iter (PyObject *self);

Inheritance:
This field is inherited by subtypes.

iternextfunc PyTypeObject .tp_iternext

An optional pointer to a function that returns the next item in an iterator. The signature is:
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[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 PyTter_ 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 PyMemberDef structures, declaring regular data
members (fields or slots) of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a member
descriptor.

Inheritance:
This field is not inherited by subtypes (members are inherited through a different mechanism).

struct PyGetSetDef *PyTypeObject .tp_getset

An optional pointer to a static NULL-terminated array of PyGet SetDe £ 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 *Py TypeObject .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.

Inueiwon: 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, tp_base should be set in the extension module’s init function.
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Inheritance:
This field is not inherited by subtypes (obviously).
Default:

This field defaults to sPyBaseObject_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 PyType_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations (like
__add__()).

Inheritance:

This field is not inherited by subtypes (though the attributes defined in here are inherited through a different
mechanism).

Default:

If this field is NULL, Py Type_Ready () will assign a new dictionary to it.

IIpozdoroinon: It is not safe to use PyDict_SetItem() on or otherwise modify tp_dict with the
dictionary C-APL

descrgetfunc PyTypeObject .tp_descr_get

An optional pointer to a «descriptor get» function.

The function signature is:

[PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type); J

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); J

The value argument is set to NULL to delete the value.
Inheritance:

This field is inherited by subtypes.

Py _ssize_t PyTypeObject.tp_dictoffset

If the instances of this type have a dictionary containing instance variables, this field is non-zero and
contains the offset in the instances of the type of the instance variable dictionary; this offset is used by
PyObject_GenericGetAttr().

Do not confuse this field with tp_dict; 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
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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 tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate
memory for the dictionary, so it is may be more efficient to call PyObject_GetAttr () when accessing an
attribute on the object.

Inheritance:

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means that
the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is always
found via tp_dictoffset, this should not be a problem.

When a type defined by a class statement has no __slots__ declaration, and none of its base types has an
instance variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set to
that slot’s offset.

When a type defined by a class statement hasa ___slots__ declaration, the type inheritsits 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 thecallto __init__ ().

The tp_init function, if not NULL, is called when an instance is created normally by calling its type, after the
type’s t o_new function has returned an instance of the type. If the t o 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 t p_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.
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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 subrype 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.

Setthe Py TPFLAGS DISALLOW_INSTANTIATION flagto disallow creating instances of the type in Python.
Inheritance:

This field is inherited by subtypes, except it is not inherited by stafic 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:

[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.
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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 field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.

Ipozidoroinon: Multiple inheritance does not work well for statically defined types. If you set tp_bases
to a tuple, Python will not raise an error, but some slots will only be inherited from the first base.

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.

This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.
Inheritance:
This field is not inherited; it is calculated fresh by Py Type_Ready ().

PyObject *Py TypeObject .tp_cache

Unused. Internal use only.
Inheritance:
This field is not inherited.

PyObject *PyTypeObject .tp_subclasses
List of weak references to subclasses. Internal use only.

Inheritance:

This field is not inherited.
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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 PyTypeObject .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);

/% coa Y

/* Restore the saved exception. */
PyErr_Restore(error_type, error_value, error_traceback);

Also, note that, in a garbage collected Python, tp_dealloc may be called from any Python thread, not just the
thread which created the object (if the object becomes part of a refcount cycle, that cycle might be collected by a
garbage collection on any thread). This is not a problem for Python API calls, since the thread on which tp_dealloc
is called will own the Global Interpreter Lock (GIL). However, if the object being destroyed in turn destroys objects
from some other C or C++ library, care should be taken to ensure that destroying those objects on the thread which
called tp_dealloc will not violate any assumptions of the library.

Inheritance:
This field is inherited by subtypes.
Néo otnv ¢kdoon 3.4.

AMoEe otnv £ékdoon 3.8: Before version 3.8 it was necessary to set the Py TPFLAGS_HAVE_FINALIZE flags
bit in order for this field to be used. This is no longer required.
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Agite emiong:
«Safe object finalization» (PEP 442)

vectorcallfunc PyTypeOb ject .tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for
type.__call_ . If tp_vectorcall is NULL, the default call implementation using _ _new__ () and
__init__ () isused.

Inheritance:
This field is never inherited.

Néo otnv £kdoom 3.9: (the field exists since 3.8 but it’s only used since 3.9)

12.3.6 Static 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 PyTypeObject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

12.3.7 Heap Types
An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created
by Python’s c1lass statement. Heap types have the Py TPFLAGS_HEAPTYPE flag set.

This is done by filling a PyType Spec structure and calling PyType FromSpec (),
PyType_FromSpecWithBases (),or PyType_FromModuleAndSpec ().

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 Number Protocol section.

Here is the structure definition:

rtypedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;

(ouvéyela otV emtduevVn oekida)
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unaryfunc nb_positive;
unaryfunc nb_absolute;

(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

inquiry nb_.

bool;

unaryfunc nb_invert;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc nb_inplace_power;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;
nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc nb_matrix multiply;
binaryfunc nb_inplace matrix multiply;

} PyNumberMethods;
.

Ynueimon: 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.

Inueiwon: The nb_reserved field should always be NULL. It was previously called nb_1long, and was

renamed in Python 3.0.1.

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

nb_add
nb_subtract
nb_multiply
nb_remainder

nb_divmod
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ternaryfunc PyNumberMethods .nb_power

unaryfunc PyNumberMethods .nb_negative

unaryfunc PyNumberMethods.nb_positive

unaryfunc PyNumberMethods.nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMethods .nb_lshift

binaryfunc PyNumberMet hods.nb_rshift

binaryfunc PyNumberMethods.nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods.nb_or

unaryfunc PyNumberMethods.nb_int

void ¥*PyNumberMethods.nb_reserved

unaryfunc PyNumberMet hods.nb_float

binaryfunc PyNumberMethods.nb_inplace_add
binaryfunc PyNumberMethods.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 PyNumberMethods .nb_inplace_xor
binaryfunc PyNumberMethods .nb_inplace_or
binaryfunc PyNumberMet hods.nb_floor_divide
binaryfunc PyNumberMet hods.nb_true_divide
binaryfunc PyNumberMet hods.nb_inplace_floor_divide
binaryfunc PyNumberMethods.nb_inplace_true_divide
unaryfunc PyNumberMethods.nb_index

binaryfunc PyNumberMethods .nb_matrix_multiply

binaryfunc PyNumberMet hods.nb_inplace_matrix_multiply
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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 PyObject_GetItem() and PySequence_GetSlice (), and has the same
signature as PyObject_GetItem (). This slot must be filled for the PyMapping Check () function to return
1, it can be NULL otherwise.

objobjargproc PyMappingMethods.mp_ass_subscript

This function isused by PyObject_SetItem(),PyObject_DelIltem(),PySequence_SetSlice ()
and PySequence_DelS1ice ().Ithas the same signature as PyObject_SetItem (), butvcan 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 sg_itemand the sg_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 sq_Iength slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sg_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.
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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.

12.7 Buffer Object Structures

type PyBufferProcs
This structure holds pointers to the functions required by the Buffer protocol. The protocol defines how an exporter
object can expose its internal data to consumer objects.

getbufferproc PyBufferProcs.bf_getbuffer

The signature of this function is:

[int (PyObject *exporter, Py_buffer *view, int flags); ]

Handle a request to exporter to fill in view as specified by flags. Except for point (3), an implementation of this
function MUST take these steps:

(1) Check if the request can be met. If not, raise Buf ferError, set view—>o0b 7 to NULL and return —1.
(2) Fill in the requested fields.
(3) Increment an internal counter for the number of exports.
(4) Set view->o0b7 to exporter and increment view—>ob7j.
(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.

o Redirect: The buffer request is redirected to the root object of the tree. Here, view—>o0b7j 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.
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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).

PyBuffer Release () is the interface for the consumer that wraps this function.

12.8 Async Object Structures

Néo omv éxdoon 3.5.
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;
sendfunc am_send;

} 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 () must return 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); J

Must return an asynchronous iterator 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:
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[Pyobject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.

sendfunc PyAsyncMethods.am_send
The signature of this function is:

LPySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send () for details. This slot may be set to NULL.

Néo otnv €xdoon 3.10.

12.9 Slot Type typedefs

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py_ssize_t nitems)

Mépog tov Ztobepd ABL The purpose of this function is to separate memory allocation from memory
initialization. It should return a pointer to a block of memory of adequate length for the instance, suitably aligned,
and initialized to zeros, but with ob_refcnt set to 1 and ob_type set to the type argument. If the type’s
tp_itemsize is non-zero, the object’s ob_size field should be initialized to nitems and the length of the
allocated memory block should be tp_basicsize + nitems*tp_itemsize, rounded up to a multiple 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*)
Mépog Tov Zt00epd ABL
typedef void (*£reefunc)(void*)
See tp_free.
typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject*)
Mépog tov 2Zt00epd ABI. See tp_new.
typedef int (*initproc)(PyObject*, PyObject*, PyObject*)
Mépog tov Zt00epd ABI. See tp_init.
typedef PyObject *(*reprfunc)(PyObject*)
Mépog tov Z100epd ABI. See tp_repr.
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
Mépog tov Zt00epd ABI. Return the value of the named attribute for the object.
typedef int (¥*setattrfunc)(PyObject *self, char *attr, PyObject *value)

Mépog tov Z100epd ABI. 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)
Mépog tov Z100epd ABI. Return the value of the named attribute for the object.

See tp_getattro.
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typedef int (¥*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

Mépog tov Zt00epd ABL 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 *(*descrget func)(PyObject®, PyObject*, PyObject™*)
Mépog tov Zt00ep6 ABIL. See tp_descr_get.

typedef int (*descrset func)(PyObject*, PyObject®, PyObject*)
Mépog tov Zt00ep6 ABIL. See tp_descr_set.

typedef Py_hash_t (*hashfunc)(PyObject*)
Mépog tov Zt00epd ABIL. See tp_hash.

typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
Mépog tov Zta0epd ABIL. See tp_richcompare.

typedef PyObject *(*getiterfunc)(PyObject*)
Mépog tov Zt00ep6 ABIL. See tp_iter.

typedef PyObject *(*iternextfunc)(PyObject*)
Mépog tov Zt00epbd ABI. See tp_iternext.

typedef Py_ssize_t (*Llenfunc)(PyObject*)
Mépog tov Zta0epd ABIL

typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)

typedef void (*releasebufferproc)(PyObject*, Py_buffer*)

typedef PyObject *(*unaryfunc)(PyObject*)
Mépog tov Zt00epd ABI.

typedef PyObject *(*binary£func)(PyObject*, PyObject™*)
Mépog tov Zt00epd ABI.

typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
See am_send.

typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject™*)
Mépog tov Zt00epd ABI.

typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_t)
Mépog tov Zt00epd ABI.

typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
Mépog tov Zt00epd ABI.

typedef int (*objobjproc)(PyObject*, PyObject*)
Mépog tov Zt00epd ABI.

typedef int (*objobjargproc)(PyObject*, PyObject*, PyObject*)
Mépog Tov Ztabepbd ABL
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12.10 Examples

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, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("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, O)

"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */

’ /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */

0, /* tp_vectorcall_offset */
0, /* tp_getattr */

0, /* tp_setattr */

0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */

0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */

0, /* tp_call */

0, /* tp_str */

0, /* tp_getattro */

0, /* tp_setattro */

0, /* tp_as_buffer */
0, /* tp_flags */
PyDoc_STR ("My objects"), /* tp_doc */

0, /* tp_traverse */

0, /* tp_clear */

0, /* tp_richcompare */
0, /* tp_weaklistoffset */
0, /* tp_iter */

0, /* tp_iternext */

0, /* tp_methods */

0, /* tp_members */

0, /* tp_getset */

0, /* tp_base */

(ouvéyela otV emoueV oekida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

/* 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, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof (MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func) using
Py TPFLAGS_DISALLOW_INSTANTIATION ﬂag:

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 = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_DISALLOW_INSTANTIATION,
.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, O)
.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

12.11 Supporting Cyclic Garbage Collection

Python’s support for detecting and collecting garbage which involves circular references requires support from object
types which are «containers» for other objects which may also be containers. Types which do not store references to other
objects, or which only store references to atomic types (such as numbers or strings), do not need to provide any explicit
support for garbage collection.

To create a container type, the tp_flags field of the type object must include the Py TPFLAGS_HAVE_GC
and provide an implementation of the tp_traverse handler. If instances of the type are mutable, a tp_clear
implementation must also be provided.

Py TPFLAGS_HAVE_GC
Objects with a type with this flag set must conform with the rules documented here. For convenience these objects
will be referred to as container objects.

Constructors for container types must conform to two rules:
1. The memory for the object must be allocated using PyObject_GC_New or PyObject_GC_NewVar.

2. Once all the fields which may contain references to other containers are initialized, it must call
PyObject_GC_Track ().

Similarly, the deallocator for the object must conform to a similar pair of rules:
1. Before fields which refer to other containers are invalidated, PyObject_GC_UnTrack () must be called.

2. The object’s memory must be deallocated using PyObject_GC_Del ().

IIpocidomoinon: If a type adds the Py_TPFLAGS_HAVE_GC, then it must implement at least a
tp_traverse handler or explicitly use one from its subclass or subclasses.

When calling PyType Ready () or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType_FromSpec () the interpreter will automatically
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populate the tp_flags, tp_traverse and tp_clear fields if the type inherits from a class that
implements the garbage collector protocol and the child class does not include the Py TPFLAGS_HAVE_GC
flag.

PyObject_GC_New (TYPE, typeobj)

Analogous to PyObject_New but for container objects with the Py_ TPFLAGS_HAVE_GC flag set.
PyObject_GC_NewVar (TYPE, typeobj, size)

Analogous to PyObject_NewVar but for container objects with the Py TPFLAGS_HAVE_ GC flag set.
PyObject_GC_Resize (TYPE, op, newsize)

Resize an object allocated by PyObject_NewVar. Returns the resized object of type TYPE* (refers to any C
type) or NULL on failure.

op must be of type PyVarObject* and must not be tracked by the collector yet. newsize must be of type
Py_ssize_t.

void PyObject_GC_Track (PyObject *op)

Mépog tov Ztabepd ABI. Adds the object op to the set of container objects tracked by the collector. The collector
can run at unexpected times so objects must be valid while being tracked. This should be called once all the fields
followed by the tp_ t raverse handler become valid, usually near the end of the constructor.

int PyObject_IS_GC (PyObject *obj)
Returns non-zero if the object implements the garbage collector protocol, otherwise returns 0.
The object cannot be tracked by the garbage collector if this function returns 0.

int PyObject_GC_IsTracked (PyObject *op)

Mépog tov Zt00epd ABI amd v ékdoan 3.9. Returns 1 if the object type of op implements the GC protocol and
op is being currently tracked by the garbage collector and 0 otherwise.

This is analogous to the Python function gc.is_tracked().
Néo otv éxdoom 3.9.

int PyObject_GC_IsFinalized (PyObject *op)

Mépog tov Ztabepd ABI até v ékdoon 3.9. Returns 1 if the object type of op implements the GC protocol and
op has been already finalized by the garbage collector and O otherwise.

This is analogous to the Python function gc.is_finalized().
Néo otnv ¢€kdoom 3.9.

void PyObject_GC_Del (void *op)

Mépog tov Ztobepd ABIL Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)

Mépog tov Zta0gpd ABIL Remove the object op from the set of container objects tracked by the collector.
Note that PyObject_GC_Track () can be called again on this object to add it back to the set of tracked
objects. The deallocator (tp_deal1oc handler) should call this for the object before any of the fields used by the
tp_traverse handler become invalid.

AMoEe oty €kdoon 3.8: The _PyObject_GC_TRACK () and _PyObject_GC_UNTRACK () macros have been
removed from the public C APIL

The tp_traverse handler accepts a function parameter of this type:
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typedef int (*visitproc)(PyObject *object, void *arg)

Mépog tov Zt00ep6 ABI. Type of the visitor function passed to the t p_t raverse handler. The function should
be called with an object to traverse as object and the third parameter to the tp_t raverse handler as arg. The
Python core uses several visitor functions to implement cyclic garbage detection; it’s not expected that users will
need to write their own visitor functions.

The tp_traverse handler must have the following type:
typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)

Mépog tov Zta0epd ABI. Traversal function for a container object. Implementations must call the visit function
for each object directly contained by self, with the parameters to visit being the contained object and the arg value
passed to the handler. The visit function must not be called with a NULL object argument. If visif returns a non-zero
value that value should be returned immediately.

To simplify writing tp_traverse handlers, a Py VISIT () macro is provided. In order to use this macro, the
tp_traverse implementation must name its arguments exactly visit and arg:

void Py_VISIT (PyObject *0)

If o0 is not NULL, call the visit callback, with arguments o and arg. If visit returns a non-zero value, then return it.
Using this macro, tp_ t raverse handlers look like:

static int
my_traverse (Noddy *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->foo0);

Py _VISIT (self->bar);

return 0O;

The tp_clear handler must be of the i nguiry type, or NULL if the object is immutable.
typedef int (*inquiry)(PyObject *self)

Mépog tov Zta0epd ABI Drop references that may have created reference cycles. Immutable objects do not have
to define this method since they can never directly create reference cycles. Note that the object must still be valid
after calling this method (don’t just call Py DECREF () on a reference). The collector will call this method if it
detects that this object is involved in a reference cycle.

12.11.1 Controlling the Garbage Collector State

The C-API provides the following functions for controlling garbage collection runs.
Py_ssize_t PyGC_Collect (void)

Mépog tov Zt00ep6 ABL Perform a full garbage collection, if the garbage collector is enabled. (Note that gc .
collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector is
disabled or already collecting, returns 0 immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

Mépog tov Z100epd ABI ard v ékdoon 3.10. Enable the garbage collector: similar to gc . enable () . Returns
the previous state, O for disabled and 1 for enabled.

Néo otv éxdoon 3.10.
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int PyGC_Disable (void)

Mépog tov Zta0epd ABI amd v ékdoon 3.10. Disable the garbage collector: similar to gc.disable ().
Returns the previous state, O for disabled and 1 for enabled.

Néo omv éxdoon 3.10.

int PyGC_IsEnabled (void)

Méopog tov Zt00epd ABI amd v ékdoon 3.10. Query the state of the garbage collector: similar to gc.
isenabled (). Returns the current state, O for disabled and 1 for enabled.

Néo otnv ¢kdoon 3.10.
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APl and ABI Versioning

CPython exposes its version number in the following macros. Note that these correspond to the version code is built with,
not necessarily the version used at run time.

See C API Stability for a discussion of API and ABI stability across versions.
PY MAJOR_VERSION
The 3in3.4.1a2.
PY MINOR_VERSION
The 4in3.4.1a2.
PY MICRO_VERSION
The 1in3.4.1a2.
PY RELEASE_LEVEL
The ain 3.4 . 1a2. This can be 0xA for alpha, 0xB for beta, 0xC for release candidate or 0xF for final.
PY RELEASE_SERIAL
The 2 in 3.4 .1a2. Zero for final releases.
PY_ VERSION_HEX

The Python version number encoded in a single integer.

The underlying version information can be found by treating it as a 32 bit number in the following manner:

Bytes Bits (big endian order) Meaning Value for 3.4.1a2
1 1-8 PY_MAJOR_VERSION  0x03
2 9-16 PY_MINOR_VERSION  0x04
3 17-24 PY_MICRO_VERSION  0x01
4 25-28 PY_RELEASE_LEVEL  OxA
29-32 PY_RELEASE_SERTAL 0x2

Thus 3.4 .1a2 is hexversion 0x030401a2 and 3.10.0 is hexversion 0x030a00£0.
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Use this for numeric comparisons, e.g. #1f PY_VERSION_HEX >=
This version is also available via the symbol Py_Version.

const unsigned long Py_Version

Mépog tov Zta.0epd ABI and v éxdoon 3.11. The Python runtime version number encoded in a single constant
integer, with the same format as the PY_VERSTON_HEX macro. This contains the Python version used at run
time.

Néo otnv éxdoomn 3.11.

All the given macros are defined in Include/patchlevel.h.
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nAPAPTHMA A’

Mwoodpl

>>>

2to3

To mpoemieyuévo Python prompt tov dradpaotikov shell. Zvyvd eppovileTor yio TOPAdEIYIATO KMOLKA
IOV WITOPOVYV VoL EKTEAEOTOVV dLAdPAOTIKA OTOV interpreter.

Mmopel vo. avapEPETaL OE:

o To mpoemkeyuévo Python prompt tov d1adpaotikov shell Katd tnv eloaywyn Tov KOOLKA YL £Vo PThok
KddLko pe ooy, dtav Bpioketal uéoo oe £va Lelryog ToLPLUOUEVWY aplotepmv Kot deEuhv delimiters
(mapevOéoelg, ayKulesg, AYKLOTPO 1 TPLITAG ELOOYMYLKA), Y| LETA TOV KoBopLoud evog decorator.

o H evoouatouévn otabepd E11ipsis.

‘Eva gpyodeio mov mpoomadel va petatpéel tov kmdiko Python 2.x og kddika Python 3.x diayepiCovrtag
TLG TEPLOTOTEPEG OLOVUBATITITES TTOU UITOPOVY VO EVTOTLOTOVY OLVOAIOVTOG TNV TNy Ko diaoyilovtag to
dévTpo avdhvong.

2t03 elval drabéoipo oty atdvtap PiprodNkn wg 1ib2t o3, mapéyetar évo onueio eloddov mg Tools/
scripts/2to3. Bh. 2to3-reference.

agnpnuévn Bactkr) KAaom

O aupnpnuéveg Pootkéc kKAAoELG CUUTANPOVOLY TO duck-typing Tapéxovtag Evav Tpdmo oplopov interfaces
otav Ghheg teyvikég OTwg N hasattr () Oafrav adéEieg 1 averaioOnta AavOaouéveg (Yo Tapdderypa pe
magic methods). To. ABC (abstract base class) eLodryouv elkovikég vtokAdoeLs, oL omoleg elval KAGoEeLG TTov dev
KAnpovopotvrar amd o KAGom, oAld eEakohovBotv va avayvwpilovtor amtd to isinstance () ko oo
to issubclass () ” BA. v tekunpimon tov module abe. H Python dta0étel modld evowpotopévo ABC yuo
dopég dedouévwv (0to module collections. abce), apBuoig (0to module numbers), poég (oTo module
povada 10), etoorywyn finders xou loaders (0to module importlib.abc). Mmopeite va dnuovpynoete to
dukd oag ABC pe to module abe.

annotation

Mua eTikéTo TOV O eTICETOL LE ULt LETOPANTY), EVOL (OPAKTPLOTLKO KAAGNG 1) LaL TTAPAUETPOG CUVAPTHONG
1] TLUY] TTOV ETLOTPEPETAL, TTOV Y PN OLUOTTOLELTAL KOTE oUUBOOT WG type hint.
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Aev givor duvat 1 Tpdofaon oto annotations TOV TOTKOV UETAPANTOV KATA TO XpOVO eKTELETNG, OAAA
Ta annotations twv global petafANTmv, TOV KopAKTNPLOTIKOV KAGONG KoL TOV CUVAPTHOEMY 0rtodnKevo-
VTOL 0TO ELOLKO YOpOoKTNPLOTIKO ___annotations__ twv modules, Twv KAAGEMV KAL TWV OUVAPTNOEWY,
avtioToLyd.

B\. variable annotation, function annotation, PEP 484 xou PEP 526, ta omoio wepLypdpouv TV AELToupyLKO-
tra. Estiong BA. annotations-howto yia tig BELTIOTEG TPAKTIKEG dOVAEVOVTOG e annotations.

opopa

Mo tipn petafipaleton oe wia function () method) Katd tv KAHon TG ouvaptnons. Yrdpyouvv dvo €idn
oplopdTmv:

o keyword argument: ¢évo. dpLopo. TPLv atd €vo avayvopLloTikd (.. name=) o€ uLo KAoT ouvapTong v
TEPVAOVTAG TO WG TYN) 0€ Eva AeELkd spLy amtd * *. T'lo opdderyua, To 3 KoL To 5 0ToTEAOUV OPioUaTa,
MEewv-kheldLhv otig akdhovbeg KA oeLg Tpog complex () :

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o positional argument: éva. dpiopo. wov dev givon dpopa keyword. Ta opiouata OEong umopovv va epgpoa-
viCovtol oty apyng wag Aotog optopudtmy f/xor va uetafLpatovtol mg ototyeia evog iterable mtpv
amd *. T wopdderyua, To 3 kow 1o 5 amotehov opiouata OE0NG 0TLG TOPAKATW KAYOELS:

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

Ta opiopota EKYWPOUVTOL 0TS OVOUAOUEVES TOTILKEG UETOPANTEG OTO OO wa ovvapTnong. BA. v evo-
Tta calls Yo Tovg Kavoveg o SLETOUV QuTiHV TNV EKYMPNOT. ZUVTAKTLKA, 0TTOLOdNTOTE £KQPAoT UTopel
vo xpnolostotn0ei yia vo avostapoaotnoel éva dpopa” 1 aELoAoyoUrEV T EKYWPEITOL OE (WO TOTTLKY)
UETAPANTY.

B. eiong tv eyypagr) Tov yAwooapiov yio. To parameter, Tv FAQ gpdtnomn oto 1 dtagpopd uetav opi-
oudtwv ko mopapétpwv, Ko PEP 362.

0oUYYPOVOS SLoyELpLoTi) context

'‘Eva avtikeipevo mov eléyyel to opatod meptBdilov oe o diwon async with opilovrag tig uedddovg
__aenter_ () xou__aexit__ (). ITov eionydn and PEP 492.

aoVYYpovogs generator

Mo ouvapTnon mov emoTpépel Evav asynchronous generator iterator. MolaZeL ue (o ovvaptnon coroutine
mov opiletol e async def €KTOG atd OTL TEPLEYEL EKPPAOELG yield Yo TNV TOPAYWYN WMOS OELPAG
TUUOV TTOV UITopovV va. ypnowosoinfotv oe évav async for Bpdyo.

ZVvHBwg avopépetal og o CUVAPTNOY 0oUYXPOVOU generator, GAAG umopel va avapépetal og Evav aody-

XOOVO generator iterator 6€ OPLOUEVA contexts. Ze TEPLITTMOELG OTTOV TO ETLOLWKOUEVO VOTULL OEV ELVOL OOPES,
UE TNV XPNOT TOV TANPWV OPMV AITOQEVYETOL 1] ALTAPELAL.

Mo ovvpTnom aovyypovou generator WITOPEL va. TEPLEYEL EKPPAOELS await , Kabmg Kol dNAdoeLg async
for,karasync with.

aoUyypovog generator iterator

‘Eva aviikeipevo mov dnuovpyndnke amd wa ovvaptnon asynchronous generator.

Avtdg eivan évag asynchronous iterator ov OTavV KOAELTOL XPNOLWOTOLOVTAG TV uéBodo _ anext_ ()
emLOTPEPEL VO OVOUEVOUEVO OVTIKELUEVO TTOV Bl eKTENETEL 0TO OMDWO TNG CUVAPTIONG TOV 0L.oUYYPOVOU
generator UEypL THv enouevy yield ékgppoon.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable
returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.
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aovyypovog iterable
‘Evo avTiKeipevo, ov wopei vo ypnotposomn el oe o diwon async for. [pémelr va emotpépet Eva
asynchronous iterator amd v nébodo __aiter__ (). IHov eionydn and PEP 492,

aovyypovog iterator

‘Eva. aviikeigevo mov vlomolel tig weBodovg _ aiter_ () ko __anext_ (). H uébodog
__anext__ () mpémel va emotpépel éva awaitable avukeipevo. To async  for emllel ta avople-
vopeva TTov emoTpEpovTol oo ) wEbodo __anext_ () evog aoUyypovov iterator £mg OTOU EYELPEL L

eEaipeon StopAsyncIteration. Ewonyon and PEP 492.

XOPOKTIPLOTIKO
Muia Tur) o OYETICETOL UE EVa aVTLKEIUEVO TTOV GUVIOWG AVOPEPETOL [LE OVOLLOL Y PTOLUOTTOLMVTOG EKPPOL-
o€lg e KoukKideg. T'a mapdderypa, edv évo avTLKEIUEVO 0 €YEL £Vl YOPAKTNPLOTIKO a o avapépeTal wg
o.a.

Eilvow duvatd va dmwooupe 0g £va. aVTIKEIIEVO £VOL YOPOKTNPLOTLIKO TOV TO OVOUA TOU OEV ELVAL AVOYVIPL-
oTLKO OTwG opiletal 0o identifiers, yio TOPAdELY LA XPNOLUOTOLDVTIOG setattr (), av EMLTPETETOL OTTO TO
avukeipevo. ‘Eva 11010 yopaktnplotikd dev Oa gival tpooBAoiio xpnoLoTolmvTas Tig TEAELES, Kol ovTL
avtov Ba mpémel va ovokTOel ypnolwomoumvtag getattr ().

awaitable
‘Eva aviikelpevo mov umopel va xpnowpomtondel otnv €kppaon await. Mmopel vo elvan coroutine 1) évo.
avTiKeluevo pe wo __await__ () uébodo. BA. emiong PEP 492.

BDFL
Axpwviuo tov Benevolent Dictator For Life, kahokayabog duktdrtopog g Long, dnhadn Guido van Rossum,
0 dnuovpyodg g Python.

dvadiko apyeio
‘Eva file object tkavo vo dLafpdlel kot va ypapelr dvadikod timov avukeiusva. Tapadeiypnoto duadikmv
apyelwv eivor apyeio ov avoiyouv oe dvadikn hettovpyio (' rb', "wb' 1) 'rb+'), sys.stdin.buffer,
sys.stdout.buffer, KoL OTLYWOTUTIWVY TWV 10.BytesIO KoL gzip.GzipFile.

Bh. emtiong rext file yuo éva avTikeiievo Timou apyeio tkovo vo dtofdoet Kan va ypdapel st r avitkeipeva.

daverkn avagopd
Zto C API g Python, pa daverki) avogopd eivar (o avapopd og £vo. avTLKELIEVO, OTTOV 0 KMOLKOG TV
YPNOLUOTTOLEL TO avTLKeLuEVO dev Katéyel TNV avapopd. [ivetal évag aypnotuomointog deiktng edv 1o avL-
Keipevo kataotpagel. Lo mapaderypna, po drodikaoio garbage collection uopei va opopécel To TehevTaio
strong reference oatd T0 AVTLKEIUEVO KL £TOL VO, TO KOTAOTPEEL.

Zuviotatol ) KMon tov Py INCREF () 0T0 SaVelkn) ava@ood e OKOTO VO UETOTPATEL O VO Loy V0T
avagopd EMLTOIOV, EKTOG OTAV TO OVTLKEIUEVO OEV WITOPEL VO KATOOTPAPEL TPLY atd TV TELELTALL Y PNON
g davelkng avagopds. H ouvaptnon Py_NewRef () umopei va ypnotpomoindel wote va dnuovpyndel
éva Loyvon avapopd.

bytes-like avtikeipeva,
'‘Eva avtikeipevo mov vootpiler Tto Buffer Protocol xou umopel va eEayer éva. C-contiguous buffer. Avtd
mepthappdver dha ta avtikeipeva bytes, bytearray, KoL array.array, Ko0dg Kot oM Kowvd
memoryview avukeigevo. Ta dvadikov tumou (bytes-like) avrikeipeva umopov vo xpnoLuoon0ovy yio
dudipopeg hettoupyieg wov duayerpilovran dvadikd dedouéva” autd mepthappdvouy ouumieon amodfKevon
og duodLKO apyelo kKo 0rtooTol uéow socket.

Oprouéveg hertovpyieg ypetdCovron ta dvodikd dedopéva va eivor petafintd. H texunpimon cuyvd avao-
(PEPETOL O€ AUTA WG «dVASIKA AVTIIKELUEVO aVayVmoNG-eyypapnc» (read-write bytes-like objects). [Tapadeiy-
HoTe UETABANTOV AVTIKELUEVOV TPOCWPLVTG ATobfKevong mepLéyovy bytearray Kai éva memoryview
evog bytearray. AMEG AELTOUPYIES ATTOLTOVY TNV T0ONKEVONG TV dVAdKDV dedouéva o€ OUETAPANTA
ovTikeipeva («duadukd avtikeipeva wovo avaryvoonc»” (read-only bytes-like objects) mopadeiypota ovtdy
mEPLEYOVV bytes KoL éva memoryview evog bytes avitkelwévou.
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bytecode

O sinyaiog kwduka ¢ Python petayhwttiCeton og bytecode, | e0WTEPLKY OVOTOPAOTAON EVOG TPOYPAULLOL-
tog Python otov diepunvéa CPython. To byfecode amoOnkevetal emiong TPOoWPLVA MG . Py C OPYEL MOTE N
ekTéLEDT) TOV {810V apyeiov va elval ypnyopdtepn v deltepn popd ektéleong (Lopel va amogpevy el
€K VEOU UETAYADTTLON OTTO TOV TINYOi0 KMOLKA o€ byfcode). Avti 1] «evOLAuean YAwooo» LEyeTol OTL TPEYEL
og wa virtual machine OV €KTENEL TOV KMALKOL unyavNG TOV avTLoToLyel o€ Kabe bytecode. Adfete vdym
Ot ta bytecode 8gv OVOUEVETOL VO, AELTOUPYOUV UETAED SLAPOPETIKMV ELKOVIKMV Uy avdv Python, ovte va
etvar otafepd petal Twv exdooewv g Python.

Mua Mota amd 0d1yieg oyetikd ue To bytecode umopel va Bpedei oty tekunpimon yio to module dis.

callable

"Eva callable eivou £va avTiKeLEVO TOU WITOPEL VO KOAEOTEL, TLOavE e £va ovvolo opropdtwv (Bh. argument),
UE TNV TOPAKATW OVVTAEN:

[callable(argumentl, argument2, argumentN)

1

Mua function, xou xot” enéktaon wa method givar callable. ‘Eva otuyidtumo po KhAomg mov VAOTTOLEL T
puébodo _ call () eivow emiong callable.

callback

Mua subroutine ouvéaptnon 1 omoia petafipdteton wg dpopa Tov Ba exteleatel Kamolo oTryur) 0to pélhov.

KAdon

'Eva tpdTumo yia T dnuovpyios ovitkelévmy ov opitovio amd 1o ypnot. Ouopiopol khdoewv ouvnBwg
TEPLEYOUV OPLOUOVG HEBODWV TTOV heLToupyoVV 08 OTLYIMOTUTTA TNG KAUONG.

uetafinTi kAdong

Mua petafAnt ov opiletar oe o KAGom Ko tpoopieton va tpomomon el wovo oe emimedo khaong (dnh.
OyL 0€ €V OTLYIOTUTTO Lag KAGoNG).

uryadikog apduog

Mo eTEKTAON TOV YVOGTOU GUCTIILOTOG TPAYUATLKMV aptBumy 0to omoio dlot oL optBuol exppatovial wg
aBpolopa evog TPOYUOTLKOU UEPOVG KOl EVOG (PAVTAOTIKOU pépovs. OL pavtaotikol aptbuol eivat mpary-
HoTKG TOAATAGOLO TG PAVTAOTIKNG Hovada (1) TeTpaywvikh pita Tov —1), mov cuyva yphpovior i
ota padnuatkd 1 j ot unyovikn. H Python éxel evowuatopévy vtootiptEn yio uyadikots aptduoig,
oL 07T0toL YPAPOVTOL Ue AUTOV TOV TEAEUTALO CUUBOMOIO” TO avTooTikd UEpog YpdpeTtol ue to emibnua
j, mY., 3+17. [N va amoktnoete tpdofaon oe ovvOeta Loodvvao to module math, xPNOWOTOLNOTE TO
cmath. H ypflon wyadikov aptBumv eivor £vo apKetd mponyuévo nadnuotiko yopoKkTpLotko. edv dev
YVOPLLETE TV AvAyKT TOUG, €ival oYedOV oiyoupo OTL UTOPELTE VO TOL AryVONOETE UE AOPALELQL.

duayeprotiic context

‘Eva avtikeipuevo mov eéyyet To eptfalhov mov eppaviletar og pa dMhwon with opifovrog tig uedddoug
__enter_ () kau__exit__ ().BA PEP 343.

context petafinTi

Mo petafANTh o uwopei va £xel TOAES dLopopeTLKEG TLES avahoya e TO context. Autd givol Koo 6To
Thread-Local Storage 6mov K&.0¢e eKTéMeOT) TOU VIIUATOG UTTOPEL VAL EXEL DLOPOPETLKN TULY YLOL ULt UETOPATTY.
Mapodia outd, pe Tig context PETAPANTES, WITOPEL VoL VITAPYOUV TOAA TTEPLBaILovTa OE €V Viua EKTELEOTG
Kau 1 KopLa xpnon yio Tig context uetafAntég elval 1 mapokoloiinon Twv LETABANTMV OF TAUTOYPOVEG
diepyooieg. BL. contextvars.

contiguous

"Eva buffer Oewpeiton contiguous akplpaig eqv eivon eite C-contiguous eite Fortran contriguous. To buffer unde-
vikayv dtaotdoewv eivor C kou Fortran contiguous. Ze lovodLdoTaTOUS TTEVOKES, TO. OTOLYELO TPETTEL VAL TO-
mofetovvtoL oty pviun To éva distha oto dAAo, ue OELPG 0OENONG TV SetKTmV EgKLvdvtog amd To undév.
Ze molvdidotatovg C-contiguous mivakes, o tehevtaiog deiktng uetafdlletal ToyvTepa OTAV EmOKETTO-
vTaL To. otolyeia og oelpd devBuvong uvnune. Qotdoo, oe Fortran contiguous mivaKes, 0 TPMOTOG OEIKTNG
peToBAANETOL TTLO YPTYOPOL.
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coroutine
Ou coroutines givan (oL L0 YEVIKEUUEVY wop@1| subroutines. O subroutines eLodyovtaL o€ £va ONUELO KL
eEdryovtal og Gho onueio. Ot coroutines wropei va elooyBovv, va, eEayBotv KoL vo ouveyLoTolv og oA
duapopetikd onueio. Mmopovv va vhomotioovy pe v dMlworn async def. Bh. exiong PEP 492.

coroutine ocuvaptnon
Mo GuvApTNON TOV ETLOTPEPEL £VAL coroutine OVTIKELIEVO. Mot GuvapTN oY coroutine umopei va opileTon oo
™ Mhwon async def, Ko UTopEL va mepLExeL await, async for, kKow async with MEeig kKhedid.
Avtég elonyOnoov amd 1o PEP 492,

CPython
H xavovikt vhomoinon tng YAwooog mpoypapuoatiopov Python, 6mwg dravépetar oto python.org. O 6pog
«CPython» ypnowomoreitan GTov eivor aTapaitnTo Yo Ty SLEKPLoT AUTNG THG VAOTTOINONG 0t GALEG OTTMG
1 Jython Y| m IronPython.

decorator
Mo GUVAPTNON TTOVU ETLOTPEPEL LULaL AAAT) GUVAPTNOT, CLVIOWG EPAPUOTETOL G UETOOYTUATIONOS CUVAP-
TNONG XPNOUOTOLMVTOG TV @wrapper oUvta&n. ZvvnOwouéva mapadeiypata yio tovg decorators gival
classmethod () koL staticmethod ().

H oVvtoEn tov decorator givan amhmg KOAM®ITLOTIKY, oL akdrovBol dvo oplopol ovvaptioewv eivan onua-
OLOAOYLKA LOOdVVOUOL:

p
def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

H idua évvola vdipyet yia tig kKhaoels, alhd ypnowpomoteitor ydtepo ouyva ekel. Bh. v texunplwon yio
function definitions xou class definitions yio TepLoodtepa oyeTIKd ue Tovg decorators.

descriptor

Kd&0e avukeipevo mov opilel g uebddovg __get_ (), __set_ (),N __delete_ (). Otav éva yo-
POKTNPLOTLKO KAAOTG elval descriptor, 1) eLOLKT) SECUEVTLKY] TOU GUUTTEPLPOPC EVEPYOTTOLELTOL KOTA TNV OVOL-
o yopaxtnplotikmv. Kavovikd, xpnowwomoldviog a.b yio va AMdfete, vo opioete 1| va dtorypdapete €va
YOPAKTNPLOTIKO avalnTtd To avtikeipevo pe to dvouo b oto heEkd g KAAoNg Y1 a, alhé edv to b givau
descriptor, kodeitaw 1 ovtiotouyn uéBodog descriptor. H katavonon twv descriptors ivor 1o KAeldi yia Ty Koi-
AMitepn katovonon g Python yioti autd amotelei tnv fAon yiol ToAG XOpaKTNPLOTIKE OTTWG GUVAPTHOELS,
uebodoug, LdLOTNTEG, UEDODOL KAAOTG OTATIKES UEBODOL, Kal avapopd o€ coUTep KAAOELS.

I mepLocdtepes TANPOPOpPieg avapopLkd (e Tig uefddovug tv descriptors, BA. see descriptors 1) to [lpakTi-
KOG 0O YOG Yo T X pNom Tov Descriptor.

AeEiko
‘Eva tpooetaiplotikdg mivaka, omov avbaipeta KAWL avtiotoryiCovtor o tiués. Ta kheldid umopel vo
elval 0oLodMToTe avTikeipevo pe nefodovg _ hash_ () xou__eqg (). OvoudCetan wg hash oto Perl.

Kotavonon AeEikov
‘Eva ovprtayrg tpomog yia vo emeEepyaoteite Oha 1 HEPOG TWV OTOLXEIWV OF £Vl ETOVOANTTTIKO Ko VoL
emotpagel eva ue AeElkd ue ta aotedéopata. results = {n: n ** 2 for n in range(10)}
dnuovpyei éva AeEukd mov mepLéyel to Khewdi n swrov avtiotolyiletol ue thyv i n ** 2. BA. comprehensions.

oym AeEkov
Ta avtikeipevo mov emotpépovtan amd dict .keys (), dict.values (), Kardict.items () Kahov-
vrar 0elg AeELkov. AUTES TOPEYLOUV (oL SUVALLKTY] O] TV TWV EYYPAPADY TOV AeELKOV, TTOU oNUaiveL OTL
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otav to AeELkd petapdidetor, n 6ym avtkotomTpilel avtég Tig alhoyéc. Ia va avaykdoete Ty Oyn AeEL-
KOV vaL Yivel o TApng Aota xpnowuomoote 1o 1ist (dictview) . BA. dict-views.

docstring
A string literal which appears as the first expression in a class, function or module. While ignored when the suite is
executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class, function or
module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing

"Ev0l 0TUA TTPOYPAUUATIONOU TTOU deV eEETATEL TOV TUTTO EVOG OVTLKELUEVOU YL VO TTPOTOLOPIOEL OV EXEL TN
owoti) diemogr)” avtifeta, 1 uEB0SOG 1 TO YOPAKTNPLOTIKO KaAeltow amhig 1 xpnotuormoteiton («If it looks
like a duck and quacks like a duck, it must be a duck.») Aivovtog Eupaon oTig SLETAPESG KL O)L OF OVYKEKPL-
UEvoug THTTOVG, 0 KOAG 0YESLOOUEVOG KMOOLKAG BEATUDOVEL TNV EVEMELX TOU EMLTPETOVTIAG TNV TTOMUUOPPLKT
vrokatdotoor. O timog duck-typing amogetyelr dokiuég xpNOLUOTOLDOVTOG type () M isinstance ().
(Enuelwon, wotdo0, 6TL 0 THTOG TATLOG duck-typing Witopel va ovprinpwOel ue abstract base classes.) Avti
ovtov, ovvihBwg ypnoLpomolel dokiéc hasattr () 1 mpoypaupoatioud EAFP.

EAFP
Mo gvxoho va TNTHoelg ouyymwpeon mopd adelo. Autd to Kowvd oTuh mpoypauuatiopoy oe Python mpo-
rroBétel TNV VapEn £YKupmv KAEWSUOV 1] YOPUKTNPLOTIKOV Kot oulhaufavelr eEalpéoelg eav 1 vitdfeon
amodey el eapaiuévn. Autd to Kabopd Kot ypiyopo oTuk opaktnpiletol amd TV Tapovsio ToAmY on-
Mdoewv try kow except. H teyvikr épyetal og avtifeon pe to otuk mov eivor LBYL xowvd og molhég dhAeg
vAwooeg, ommg 1 C.

EK@ppaon
"Evo. Koppdtt ovvtaEng mov umopet va aElohoynOsi oe kdmoro tyy). Me ddha Adya, o £k@poon gival
WO GUOCMPEVOT OTOLYELWV EKPPaoTg Omwg KuploreEia, ovopata, mpdopaon XopaKTNPLOTIK®V, TENEOTEG
1] KAMOELS CUVOPTNOEWV TTOU OLEG ETLOTPEPOVY WLOL TUUT). Z€ avTiBeon ue Tolég dhheg YADOOES, dev glva
Oheg oL YAWOOLKEG DOUEG EKPPATELS. YTTAPYOUVE ETLONG statements OV dEV WITOPOVV VO, YPNoLuosTotfovv
g eKppaoeis, 6mtwg to while. Ot avabéoelg Tumv eiva emiong dNAWoeLg oL eKPPAOELS.

module ewéktaong
"Eva module ypouuévo oe C 1) C++, wov ypnowpomoteitan ad to C API tng Python yia va alnhemdpdoouvv
LLE TOV TTUPTVAL KOL UE TOV KMOLKO TOV YP1OTH.

f-string
O KupLoreKTikég oUUBOAOOELPES Y PNOLOTOLOVY e TTPoBepa "£' 9 "F ' ovoudtovior ovvihbwg «f-strings»
7o glva ouvtouoypapio tov formatted string literals. Bh. emiong PEP 498.

OVTIKEUEVO OPyEioV
‘Eva. avtikeipevo mov ekbéter éva APl mpooavatolouévo oe apyeto (e pedddovg dmwg read () 1
write ()) og évav vrokeinevo dpo. Avaroya e Tov TpdITo o dNULovpyYHONKE, £va OVTLKEILEVO 0P ELOV
WITOPEL VO LEGOMAPNOEL 0TIV TTPOOPAON O€ EVa TPAYUATIKO apyelo 0To dioKo 1) 08 A0 TUTTO CUOKEUNG
amoffKevong 1 emkowvmviag (Yo mopaderyno tumiky) eicodog/ €E0dog, in-memory buffers, sockets, pipes,
KAT.). Avtikeipevo apyeiov ovoudlovraon emiong file-like objects N streams.

ZTNV TPAYUATIKOTNTO VTTAPYOUV TPELG KATIYOPLES AVTLKELUEVWV apyELOV raw dvadikd apyela, buffered Sva-
Oukd apyela xou apyela kewuévov. OL dlemapég Tovg opitovral oty evotnta io. O KOvoviKOG TPOTOG YLa
VO SNULOVPYTOETE EVOL AVTLKELUEVO OPYELOV ELVAL YPNOLUOTOLDVTAG TV OVVAPTNOT open () .

OVTIKEIUEVO TTOV HOLATEL UE OPYELD
‘Eva ouvavupo pe o file object.

KWOLKOTOI101] CUGTIUATOS GPYEIWY KoL YELPLOTIS OPUARATOV
H xwdikomoinomn Kat o yeplot)g opaludTmy XpNoLuooLeitor amtd v Python yia thv amokwdikomoinon
TV bytes 0td TO AELTOUPYLKO oVoTNUO Ko TV Kwdikomoinomn og Unicode Yo 1o AeLtoupytkod ovoTnuaL.

H xwdikomoinon cvotuatog apyelwv umopel vo eyyun0el v emtuynuévn amokwdikomoinon 6wy twv
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bytes Katw amd 128. Edv 1 kwdLKomoinon ovoTuatog apyeimv dev mapéyel auTtnv TV £yyUNoT), oL GUVap-
thoelg API umopoiv va eyeipovy éva UnicodeError.

Ou ovvaptioelg sys.getfilesystemencoding () Kot sys.getfilesystemencodeerrors ()
WITOPOUV VO YPNOLULOTONO0UV Yo Vo MABETE TNV KMALKOTOINGOT TOU CUOTNUOTOG OPYEl®V KoL TOU YELpL-
0T OPAAUATOV.

O filesystem encoding and error handler diopoppadvovron Kotd v ekkivnon g Python amd ) ouvaptnon
PyConfig_Read () P\ filesystem_encoding kol filesystem errors Wé\n tov PyConfig.

B emtiong to locale encoding.

finder
‘Eva aviikeipevo mov poomadei va Bpet to loader yio éva module stov e1omy 0.

Since Python 3.3, there are two types of finder: meta path finders for use with sys .meta_path, and path entry
Jinders for use with sys.path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.

aKEpoLe draipeon)
H pabnuatikr duaipeon mov otpoyyulomoLel Tpog Ta KATW 0ToV KOVILvOTEPO aKéPaLo. O TeELeoTNG aKEPALOG
daipeong eivon / /. Two mapdderypa, n ékgppaon 11 // 4 oEwoloyeiton o€ 2 oe ovtibeon pue v T 2. 75
OV EMOTPEPETOL ALTTO TNV SLALLPEOT UE VITOdLAOTOMY. Znueiwon ot (-11) // 4 xbvel —3 emeldn avti
glval 1 0TpoyyvLoToinom oog T¢ kdTw Tov -2 . 75. Bh. PEP 238.

ouvapton
Mo oelpdt 0td SNADOELS TTOV EMLOTPEPOVY KATTOLA TUUY OF OVTOV TTOU TV KALeoE. Z€ QUTEG UTOPOVV VL
TEPAOTOVV KavEva 1) TeEPLOCOTEPQ oploaTa TOV WIToPEl va ypnowortolnOel yio tv ektéleon. BA. emiong
TG eVOTNTEG parameter, method, Ko the function.

ouvapTnon annotation
'Evog annotation pog mopapéTpon ouvapTtnong M WAG TWUNG ETLOTPOPTS.
Ou ouvoptoeLg annotations oUy VA YPNOWOTOLOVVTAL Y0 UTOOEEELS TUTOV: VL0 TAPADELYUA, OUTH 1 OU-
vapTNON ovouéveTal va Ttdpel dVo oplouaTo 1nt KoL ETONG AVAUEVETOL VO £XEL U0 ETLOTPEPOUEVT] TLUN
int:

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

H ovvta&n ovvdptnong annotation ovahetor otnv evotnta. function.

BA. variable annotation xouw PEP 484, mou mepuypdpel avth tnv kettovpyikdtta. Exiong BA. annotations-
howto yia Tig KoAUTEPES TPAKTIKEG HOULEVOVTOG (LE annotations.

future
'Evo future statement, from __future_ import <feature>, Kabodnyel TOV UETAYAMTILOTY] VO UETOL-
vyAwTTioel To Tpé oV module ypnouoroldvrag ovvtagn 1 onuoololoyia tov Oa yiver 1) TuTtLKT 08 HEMOVTLKT
éxd001 g Python. To module _ future_ tekunpuover tig mbavég Tég Tov feature. Me tnv eloorywyn
OUTAG TNG AELTOVPYLKNG LOVAdAG Ko TNV AELOAOYNOT TOV UETABANTDV TG, UTopeite va deite moTe wa véa
duvatoOTNTA TPOOTEONKE YLOL TPWTY (PoPA 0TV YAMOooo Kaw tdte Oa yiver (1] €yLve) 1 Tpoemhoy:

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

GUALOYI] ATTOPPLUATOV
H dwadixaoio amehevfépwong g uvnung otav dev ypnotuorsoteiton dhrho. H Python extelel oulhoyn amop-
PLUATMV HECH KATOUETPNONG AVAPOPDV Kal EVOG KUKAKOU GUMEKTY 0KOUmdLDV TTov eival oe BEon va
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aviyveveL Kat vo o7tdel Toug KUKAoUg avapopds. O cuMEKTNG OToppLLETmV WTopet vo. eheyyOel xpnotuo-
moudvTog to module ge.

generator
Mo ouvéptnom mov emotpépel €va generator iterator. MOLATEL Ue ULaL KAVOVLKT) GUVAPTNOY €KTOS atd TO
OTL TTEPLEYEL EKPPAOELS yield Yo TNV Topaymyr (oG GELPAG TLUMV TTOV UITOPOVV va, xpnotuomotnfovv o
évav Bpoyo for | Tov umopovv va avaktnOolv pia T popd pe v cuvdptnon next () function.

ZVvHBwg avagépeTtal o€ o OUVAPTNOT generator, OAAG UTTOPEL VO ovOpEPETaL OF EVav generator iterator €
nepLKd contexts. 2e TEPLTTOOELS OTTOU TO EMOLWKOUEVO VONUOL OEV ElvaL TAPES, 1) YPNOT TWV TANPWV OpwV
AITOPEVYEL TNV OLOAPELQL.

generator iterator
"Evo avTLKEIUEVO TTOU dNIOVPYELTOL ATTd (oL GUVAPTNON generator.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast to
functions which start fresh on every invocation).

generator éK@pa.on
Mo €Kppaon ov emoTpépet Evay iterator. MoldLeL pe Kavovikn £Kgpaot ov akolovbeitol amd ua pd-
taon £for mov opilel o petainth fpoyxov, Eva evpog Kot o tpootpetiky tpdtaon if. H ouvdvaouévn
£K(Paon dMULOVPYEL TLUEG YLOL UL GUVAPTNON EYKAELGUOV:

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

YEVIKT] GUVAPTNOT)
Mo ovvaptnomn mov atoteheitol amd TOMATAEG GUVOPTNOELS TOV VAOTTOLOVV TV 1810 Aertoupyia yio dtoi-
popeTikovs Tumovg. ITowa viomoinom mpérmet va xpnolpomon el katd ) dubprera puo kKong kabopileta
aTto TOV AAYOPLOUO OITOOTOMNG.

B emtiong v kataywpnon tov single dispatch, tov decorator functools.singledispatch () ko PEP
443.

YEVIKOG TUTOG
'Evag type mov umopel vo moapapetpomotndel” ouvnOmg o container class, 6twg 1ist 1) dict. Xpnowo-
TOLELTOL YLOL Type hints Kow annotations.

I teproodtepeg Aemtopépelec, PA. generic alias types PEP 483, PEP 484, PEP 585, ko to module typing.

GIL
BA\. global interpreter lock.

global interpreter lock
O umyavioudg mov ypnopomoleitor amd tov depunvéa CPython yia va diaogoliost 6tL udvo €va viua
extelel Python bytecode k&g qopd. Autd amhormolei Tv viomoinon CPython dmuovpydviag to Hoviého
OVTIKELWEVOU (CUUTTEPLMOUPOVOUEVOV KPIOLIMY EVOMUATOUEVDVY TOTTOV OTTOG Y. dict) Euueco aopaiéc
évavtl tautdypovng mpodopaons. To xheidwua oAdKANPoU Tou dtepunvéa dLeEVKOMIVEL TOV dLepunvéa va
glval TOAMATADY YUdTmv, €1g BEpog Tou ueyahov HéPoug Tou TOPAMNALOUOU TOV TOPEYOUV OL UNYAVES
TOMATAOV ETEEEPYOTTMV.

Qo0tH00, OPLOPEVEG AELTOUPYIKEG LOVADEG EMEKTAONG, EiTE TUTTLKEG €iTe TPiTWYV, £XOVV OYESLAOTEL £TOL DOTE
va aserevfepmvouy 1o GIL dtav ektehoVv epyaoie EVIOTIKMY VITOMOYLOUDV OTTMG CUUITTLEDT] 1) KATOKEP-
natouds. Emiong, to GIL amehevbepmveton mévta dtav extereite /0.

Iponyovueveg mpoomadeieg va dnuovpyn0ei évag diepunvéag «ehevBepwv-vnuatwv» (avtdg Tov Kheldwm-
VEL TOL KOOy pNnoto dedopéva ue oA o Aemtopept] evancnoia) dev frav emituyeis emeld 1 arddoon
VITOYMDPNOE OTNV KOLVT| TtEpimTmon evig emeEepyaot. Iliotevetal 6t 1 vépPfaon outol Tov TPOPANUATOG
art6doong Oa Kdvouv oAl Lo TEPITAOKY KoL ETOUEVMGS TTLO dATTAVIPT] 0TV GUVINPNON).
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hash-based pyc
'Evo apyeio kpugrg uvnung bytecode ou Y p1OLULOTTOLEL TOV KOTOKEPUATLOUO Kot OXL TOV (POVO TPOTOTTOLN-
011G TOV AVTLOTOLYOV apyelov TPOEAEVONG YL VO TPOOALOPLoEL TNV eyKupdTNTa TOV. BA. pyc-invalidation.

hashable
‘Eva avtikeipevo eivon hashable edv €xel pua tin] KOTaKepUATopoy o dev adlddlel moté Katd ™) dudp-
Kewo TG Cw1g Tou (yperdletar o uébodo __hash__ ()), Kou umwopei vo ouykpLOel ue dAho avtikeipeva
(yperaCetan o nébodo __eq (). Ta hashable avtiKelueva IOV CUYKPIVOVTAL WG TPOG TNV LOOTNTO TOVG
TPETEL VOL EXOUV TNV L0 TLUT] KATOUKEPUOTLOUWOU.

H VmopEn hashable kGvel éva avukeiyevo va wmopel vo ypnowpomon el mg khewdi AeEukov kor wg uéhog
€vOg OUVOLOU, ETTELDN AUTEG OL HOUEG DEDOUEVV YPTOLUOTTOLOVV TUUES KATOKEPUOTLOUOU.

Ta mepLoodTepa 0d Ta aueTdffinto evoopatwuévo avitkeipevo g Python umopoiv vo Katokepuot-
otoUv” ta petafntd Kovtévep (Ommg ou hMoteg 1) ta AeEikd) dev elvan” T apetapinTo Koviévep (0mmg
mheladeg Kan to frozesets) UTOPOVV VL KATUKEPUOTIOTOUV UOVO EGV TCL OTOLYELD TOVG ELVOL KOTAKEPUATL-
ouéva. Ta ovTiKELPEVO TTOV Elval OTLYIOTUTTO, KAAGEMY TTOV OPIloVvIOL Ao TO ¥PNOTH WIOPOVV VO KOTO-
KEPUATLOTOVV amtd mtpoemihoy). ‘Oha ouykpivovTal Gvioo. eKTOG aItd ToV €AVTO TOVUGS) KOl 1 TLUY KOTOKEP-
HOTLOUOV TOVG TTPOEPYETOL atd To id () .

IDLE
"Eva. ohokAnpouévo meptfdihov avamtuEng kow pdbnong yio v Python. idle givar éva faoikd mepidihov
eme€epyaoiag Kat diepunvéa Tov cuvodeetal oo TV Ttk davour) g Python.

immutable
‘Eva ovtikeipevo pe otodepn tpr). Ta auetdfinto avitkeipevo mepihapfdvouy aptbuoig , oupporooelpég
Ko theladec. ‘BEva tétoto avtikeipevo dev wwopel vo oAAGEeL. 'Eva véo avtikeipevo pémel vo dnuovpynOei
edv mpémer va amodnkevtel wa dapopetikt) tiun. Hailovv onuavtikd poho og uépn Omov pa otabepd
asorteitol, yio mopdderyno wg kAedi oe éva AeEiko.

e1oayouevo path
Mua Alota amd Tomobeoieg () kataywoices dtadpouris) Tov Wropouv va avalntn0ovv path based finder yuo.
va etoayBovv modules. Katd tnv dtadikaocio eloaymyng, avth 1 Moto pe tormodeoieg ouvnOmg €pyetol amd
sys.path, oA yia o vromakéTo umopel emiong va €pBeL 0o TO XAPUKTNPLOTIKO TOU TAKETOU YOVEQ
__path_ .

ELGUYOYY)
H drodikaoio katd v omoia o kwdikag tng Python oe éva module eivon dto0éowun otov kwdika Python
evog dilov module.

160y OYEng
"Evo avTLKELIEVO (WITOPEL Ko voL ovalTel Ka va opTtmvel évo module” Ko éva finder Ko loader avtikeipevo.

dadpaotikog
H Python éyg1 évav d100paotikd depunvéa 0ov onuaivel 0Tl WITopeig vo eLoAyelg SNAMOELS Ko EKPPACELS
OTNV ELOAYWYT EVIOLDV TOU JLEPUNVEQ, EKTEMDVTOG TEG GUETT KOl EUPAVILOVTOG TO OVTLKEIIEVA. ATTADG
€KKLVN0TE TNV python ywpig opiopota (mOavog emiéyoviag to amd To KUPLO HEVOD TOU VTTOAOYLOTH) O0G).
Amotehel évav amodoTikd Tpdto yio vo dokiudote véeg 1déeg 1) va eEetdote AetTtovpykég Lovadeg Ko ol-
Kkéta (BuunBeite help (x)).

interpreted
H Python eival pwa interpreted yAwooa, o€ avtifeon (e (o UETAYAWTTIOUEVY, OV KoL 1] SLAKPLOT| UTTOPEL VaL
elval Kat oA Moyw Tng mapovoia Tov bytecode petayhmttioTi). Autd onuaiver 6Tl To apyeia TPoEAEVONG
WITOPOUV VoL EKTELEGTOUV AITEVOELOG YWPIg VO dNULOVPYNOEL PNTA £Va EKTEAECLILO CLPYELO TTOU OTNY OUVEYELDL
exteheitar. Ou interpreted yAdhooeg ovviiBmg £xouv WKpOTEPO KUKAO avAmTuENG/ EVIOTLOUOU GPOAMLATMY
TT0 TLG UETAYAMTTIOUEVES, 0LV KOIL TOL TTPOYPAUUATA TOVG YEVIKA eKTELOVVTOL TTL0 0pydL. BA. emtiong inferactive.

TEPUATIONOS LELTOVPYiag Stepunvia
‘Otav Inteiton tepuatiopndg Aettovpyiog, o diepunvéas g Python ewoépyetar oe po L8k (pdon 0mou ate-
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LevBepmvel oTadlokd OAOUG TOUG SLOTLOEUEVOUG TTOPOUGS, OTTWG AELTOVPYLKES LOVADEG KoL TTOAMAITAEG KPLoL-
ueg ecwteptkég doués. Emiong mparypartomolel apKeTég KAMOELG 0TO GUAAEKTNS okoVmALD V. AUTO UTTOPEL VOl
EVEPYOTOLNOEL TV EKTENEDT KMOLKA 0€ KOTAOTPOPELG 71OV 0piovial amd to ¥photn 1) ot callbacks aobevoig
ovtamokpioels. O KMALKAG ToU eKTEAEITOL KATA TN (PAON TEPUATIONOV AELTOUPYIOG UTOPEL VO CUVAVTYOEL
dudipopeg eEatpéoeic, Kabmg oL TdpoL 0Tovg omoiovg Pfaciletor evdéyetol vo unv Aettovpyouv mhéov (ou-
VIO apadeiyuato eivor oL Aettoupykég novadeg BBAOONKNG 1) 0 U avIoUOS ELOOTONOEWV).

O Baotkdg MOYyos TepuaTiopoy hettovpylog tov diepunvéa eivon éti to ___main__ module 1) ohokAnpmOnke
1 EKTEAEDT) TOV KMALKA, TTOV £TPEYE.

iterable

An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as list, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha ___getitem__ () method that implements sequence semantics.

Ta iterables umwopovv va ypnotposonBovv oe éva for Bpdyo kou o ToAG ahlo onueio 6o ypeldleTol
o axohoubia (zip (), map (), ...). Otav éva iterable aviikeipevo petafpaetor mg OpLona 0TV EVow-
LATOUEVT OVVAPTNOT iter (), emoTpEpeL Evav iterator Yo aviikeipevo. Autdg o iterator eival Kaiodg yo
éva tépaopa artod £va ovvolo Timv. OTov XP1NOLULOTTOLEITOL ETAVOATTTTLKE, GUVIOmG dev elval amapaitnTo
vo kohéoete To iter () 1) vo aoyolnOeite uovol oag ue avtikeipeva iterator. H dNiwon for to kéver o-
TOUATO VL0 EGAG, ONUOVPYDVTOG UL TTPOCWPLVY] UETABANTI X WPLg OVOU Yo VoL KPaTd TOV iterator yio TV
dudipketa Tov Bpodyov. BA. emiong iterator, sequence, xou generator.

iterator

'Evo. OVTLKEIPEVO TTOU avTLITPOoWIeVeL o pot| dedouévav. Emavahaufavoueveg kifoelg mpog ™ wé-
0060 __next__ () tov iterator () petaifaon Tov otV EVOOUATOUEVT) CUVAPTNOT next () ) EMOTPEPOVY
dradoykd otouyeion otnv por. Otav dyL meprocdtepo dedopéva eivar dradéoua eyeipetar wo egaipeon
StopIteration. Ze avtd To onueio, To aviikeipevo iterator eEavtleitar kou Tuxdv TEPAUTEPW KANOELS
ot uébodo __next__ () amhwg amhd eyeipovv Eavd 1o StopIteration. Ouiterators mpémel va €xouvv
o wébodo __iter_ () OV EMOTPEPEL TO DLO TO AVTIKEIIEVO iterator, £ToL woTe KAOE iterator va eivoal
emiong iterable ko pmopel va ypnotuomomn el oto mepLoodTEPO UEPT OOV YivovTaL 0TTodekTol Ko dAloL
iterators. Mo aEtoonueimtn eEaipeon eivar o kmdikag mou emyelpel morlhamhd mepdopata iteration. ‘Eva
avTikeipevo Kovtétvep (Ommg éva 1ist) mapdyel évov kobapd véo iterator k4O popd mov Kabe popd o
petafipaleral oty ovvaptnon iter () 1) Tov xpnopomoteitol o évav for Bpoyo. Eav emyeipfoete avtd
ue évav iterator ommAwg O emLOTPEPETE TO (010 EEAVTANUEVO QVTIKELUEVO iterator oV PN oLoToLONke GTOo
TIPONYOVUEVO TTEPOOUQ iteration , KAVOVTOG TO VO (POIVETOL GOV EVOL AOELO KOVTELVED.

[epioodtepeg mAnpopopieg wropotv va fpebolv oo typeiter.

Aemropépera viomoineng CPython: To CPython dev eapudlet pe ouvémeila Ty amaitnon va opitel évag
iterator __iter ().

ouvaptnon key

Mua ouvaptnon khewdi f pa guvéptnon taEvounong eivar ua dSuvatdTnta KAoNG Tou eoTpé@eL o Tt
7OV YpNOoLuoToLeital yia tagwvounon 1 dudraln. N mapdderyua, locale . strxfrm () xpNOLUOTOLEITAL
Yo TV TTapoymyn evog KAELSLOU TaEIvOUNoNG Tov Yvopilet Tig oupPAoeLg TOELVOUNONG VL0 OUYKEKPLUEVEG
ToTKéG puouioes.

‘Eva. aplBudg epyoreiov otnv Python déyeton Baoikég OuUVOPTNOELS VL0 TOV EAEYXO TOU TPOTOU UE
Tov omoio ta otoryeio TaEvopotvial 1 ouadomorovvral. Avtd mepéyovv min (), max (), sorted (),
list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest (),Ko itertools.
groupby ().

Yndpyouvv dudpopotr Tpdmor Yo vo dnuovpynoete o ovvdptnon khewdov. To mapdaderypa. 1 ué-
0080¢ str.lower () WIOPEL VO XPNOWEVOEL WG CUVAPTNON KAEWDL YLOL TNV TTEPITTMON Un SLAKPLONG
meCov-kegaraiwv. Evolhaktikd, wo ovvdptnon khewdot umopel va dnuovpyndei amd wo lambda
éxppaon 6mwg lambda r: (r[0], «r[2]). Erniong operator.attrgetter (), operator.
itemgetter () kou operator.methodcaller () elvol TPELS KOTAOKEVOOTES PACLKMOV GUVAPTIOEMV.
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BA. o Ta&wvounon HOW TO yia mopadeiyuota dnuovpyiog kKo xpnong Pactkmv ouvapTtioemy.

opwopa keyword
B\. argument.

lambda
Mo avivuut EVOOUOTOIEVY CUVAPTIOT TTOV OITOTENELTOL OITO ULe LOVODLKY expression 1) 0mtoid. aELOAO-
veltar Otav kodeitol 1 ouvdptnon. H ouviogn yua t dnuovpyia wog ouvaptnong lambda eivon 1ambda
[parameters]: expression

LBYL
Look before you leap. Autd to oTvh KmOLKOTOINONG EAEYYEL PNTA TIG TTPOVTOOETELS TTPLV TPOLYUOTOTTOLT|OEL
KMjoelg M avalntioelg. Avtd to otuk épyetan oe avtifeon pe v Tpooéyyion EAFP xou xopoKTnpiletal
aTTo TNV TAPOVOLA TTOAMMY dNhwoewv 1 f.

e éva mepLPailov modhamhwv vudtmv, 1 tpooéyyon LBY L umopei va SLakivduvedoet va eLOGYEL L, GUV-
oMkm aydva petakv «the Looking» ko «the leaping». T mapdderypa o kddikac, 1f key in mapping:
return mappingl[key] wropel vo ommotiyel 4V Eva GALO VIO OPOLPETEL TO key ad TO mapping Petd
T doKLuY), OMG TTPLY artd TV avalntnon. Avtd to TpoPAue wropsl va Abei pe KAedmuorta 1 xpnouo-
oLdvTog TV Tpootyywon EAFP.

Moto
‘Eva evoopatopévo Python sequence. Iapd to dvouo tov, potdlel meplocdtepo pe évav mivoka oe ahleg
vAwooeg mopd e poe ouvoedeuévn Aiota, kabwg 1 tpdoPaon ota otovyel eivar O(1).

list comprehension
"Eva. oupstoyng Tpdmmog yiao va. erteEepyooteite Oha 1) HEPOG TWV OTOLYEIWY OF (o Ko AoUDia KoL VoL eTLoTpé-
Pete o Alota pe ta omotehéopata. result = ['{:#04x}'.format (x) for x in range (256)
if x % 2 == 0] dnwovpyel wa Aloto ouufolooelpmv Tov mepLEyovy Luyolg dekaeEadikoig aplbuotc
(0x..) oto gvpog amd 0 éwg 255. H mpodtaon 1f elvon poatpetikn. Eqv mapaiewpbel, Oha ta otoLyeio oto
range (256) vropdihovtal og emeEepyaocia.

loader
An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

TOTTKY] KWOKOTTOIN oM
Zto Unix, eivow 1 kwdikomoinon g tomky pvOuong LC_CTYPE. Mmopsi va pvBuwotel ue locale.
setlocale(locale.LC_CTYPE, new_locale).

Zta Windows, eivow 1) code page ANSI (;t.y. "cpl252™").

Zto Android xouw to VxWorks, 1 Python ypnowosotei to "ut £-8" g TomKk KmdtKomoino.
locale.getencoding () umopei va xpNoLuoTotn0el yia Ty aviKTnon Tng TomKNG KOLKOTOLNonG.
BA. emtiong o filesystem encoding and error handler.

noykt uédodog
"Eva &tumo ouvdvuuo yia special method.

mapping
'Evo ovTIKeievo KovTéLvep mov vootnpiler avbaipeteg avalntoelg KAeWLmv Kat VAoToLEL Tig uefddoug
mov kabopifovtow 0to collections.abc.Mapping 1 collections.abc.MutableMapping
abstract base classes. Ta mapadeiypoto mepthapfavovy dict, collections.defaultdict,
collections.OrderedDict kouw collections.Counter.

meta path finder
'Evag finder mov emlotpdonKe pe avalntnorn oto sys .meta_path. Ofinders ueta-diadpopung oxetioval,
ala dLapépovy artd Ta finders entry Stadpours.

B\ importlib.abc.MetaPathFinder yia tig uebddovg mov viomolovv oL meta path finders.
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ueta-Khdon

H kAdon wag khdong. Ouopropol khdong dnuiovpyotv éva dvoua kAdong, éva AeEtkd Khiomg kot o AMoto
Baolkmv kKhaoewv. H peta-khdomn eivor vetfuvn yio v omtoKT)on GUTmVY TV TPV OPLOUETWY KoL TV
dmuwovpyla g KAGoNG. Ot TePLOCOTEPES AVTLKELUEVOOTPEPELG YADOOES TPOYPAUUATIONOU TOPEYOVV ULOL
TPOETUAEYUEVT] VAOTTOINOT. AuTd TTov Kver Tv Python Eexywpioty| eivan 6t eivon duvarti| n dnuovpyia tpo-
oapuoopévav petakhdoemv. Ot teplocdtepol ypfoteg dev ypeldLovial Toté outd To epyaleio, alld dtav
TOPAOTEL OVAYKT), VT TO EPYOELD, OL LETA-KAAOELS WITOPOVY VAL TOPEXOVY LOYVPES, Koppéc Moels. 'Eyxouvv
YPNOLULOTTONOEL YLl TV KOTay POt TPOGPAONG XOPAKTNPLOTIKMOV, TV TTPOTONKT aopdlelas vudtwy, Ty
TOPAKOAOVON 0N dNuovpylog avTLKEWEVOY, TNV VAOTTOiNoT singletons, Kol ToMég dAleg epyaoiec.

[eproodtepeg mAnpopopiec pmopouv vo. fpeboiv oto metaclasses.

néBodog
Mo ouvéptnor mov opiletal péoo 0to omua uag kKhaong. Eqv kaleitolr og xapoktplotikd wog mepi-
TTOONG AVTNG TG KAGONG, 1) u€00d0G O MABEL AVTLKEIIEVO TEPITTMONG WG TPDTO TG argument (T0 0TOLO
ouvnBmwg ovoudtetar self). BL. function ko nested scope.

oep avavong nedodwv
Method Resolution Order is the order in which base classes are searched for a member during lookup. See The
Python 2.3 Method Resolution Order for details of the algorithm used by the Python interpreter since the 2.3
release.

module
"Evol OVTLKELUEVO TTOU YPNOLUEVEL MG OPYOVWTIKY Lovada tov kmdika g Python. Ta modules £yovv évov
YWPO OVOUATOV IOV TTEPLEXEL avbaipeta avtikeipeva Python. Ta modules poptwvovtol otnv Python ue v
duadikaotio importing.

Bh. emtiong package.
TEYVIKES TTPOSLaypapes module

"Evo. namespace TTov TEPLEYEL TLG TTMPOPOPIEG TTOV TYETITOVTAL [LE TNV ELGAYWYT TTOV XPNOLULOTOLOVVTOL YLC!
™V @opTwon evog module. Mia swepimtowon tov importlib.machinery.ModuleSpec.

MRO

BM. method resolution order.

mutable
Ta gvpetdpinto aviikeipevo wropotv va. aldEouv Tig twég alhd va kpatioovv o id (). BA. emiong
immutable.

named tuple
O 6pog «named tuple» eapuoOTETOL YLa 0TOLOVONTOTE TVTTO 1] KAAON 7OV KANpOovoueitoL atd TV mhetdda
KOL TV OTTOLYV TOL OTOLYELOL (WTOPOVV VO EVPETNPLOTTOLNO0UV ElvaL TTPOTRACLULO X PNOLUOTOLDVTOG ETTMVULAL
YOPAKTNPELOTLKA. O TOTOG 1) 1 KAAOT WTOPEL vau €xeL Ko GO Y apaKTNPLOTIKA.

IoA\hoi evompotmuévol Tumot eivar named tuples, CUUTEPIAOUPAVOUEVOV TOV TUUMV TTOV ETLOTPEPOVTAL OTTO

time.localtime () kawos.stat (). Eva dhho mopdderypa eivon to sys.float_info:
>>> sys.float_info[1l] # indexed access

1024

>>> sys.float_info.max_exp # named field access

1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Oplouéveg avayvoplopéveg mheladeg elvol evomuatmuévor Tomol (0Twg To TOPOTAV® TOPUOELYILOTAL).
EvalhokTikd, o avayvoplopév Thetddo wmopet va dnuovpyndel amd évav oplopd Kovovikng Khaomng
7o KAnpovouel oo tuple Kot wov opiletl £yKupa media. Mia Tétolo KAAOT) UWITOPEL VoL ELVOLL YPOUUEVT] UE
TO XEPL 1 WITOPEL Vo duovpynBel kKinpovoumvtog to typing . NamedTuple, 1] pe TV factory cuvaptnon
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collections.namedtuple (). O televtaieg Teyvikég mpoabétovy emiong uepikés emuthéov neboddovg
IOV WITOoPEL VoL unv Bpebotv o€ xelpdyYpapes 1) EVOOUOTOUEVES TTAELAOES LE OVOULAL.

namespace

To wépog dmov amobnkevetar wa petafint. Ta namespaces viomoloUvTow wg AeEukd. Yapyouv oL TomL-
Koi, oL KoBolikol Ko oL evowpotmuévol namespaces koOmg koL oL £vOeToL namespaces o€ avtikeipeva (o€
uebodoug). I mapdderypa oL ouvapToelgbuilt ins . open KoL os . open () dLoKpivovToL ad Tovg ym-
poug ovoudtwv Tous. Ot xhpotL ovoudtov Fondovv exiong TV avayvooLOTNTA KoL T GUVTHPNOLUOTNTO
Kablotmwvtag oapéc wolo module viomotel o Aettovpyia. Tia wapdderypa, ypdgovtag randonm. seed ()
Nitertools.islice () KaBLOTA OapES OTL AUTEG OL OVVAPTNHOELS VAoTToLoUVTaL artd ta module random
KoL itertools, avtioTouyd.

TOKETO namespace
A PEP 420 package which serves only as a container for subpackages. Namespace packages may have no physical
representation, and specifically are not like a regular package because they haveno __init__ .py file.

Bh. emtiong module.

nested scope
H duvatdtnra ovogopdc oe o petafin oe évav mepikhedpevo optopd. Tia mopdderyo po guvapTon
7ov opiletar uéoa og wa GAlY ouVAPTOT UTOPEL VO avoapépeTtan ot LETABANTEG TNV eEwTepLkn oLvdp-
TNON. ZNUELMOTE OTL T, EvOETO TTEDLO QITO TPOETAOYT AELTOUPYOVV OVO YLOL VOALPOPA KOl OYL YL EKYMPNOT).
O tomikég petafAntég dLafalovrol KoL YpapovioL 0To ECWTEPLKO mTEdI0 epapuoyrg. Onoimg, oL Kabohikég
HETAPANTES dLoBATOUV Kan Yphpouy otov KaBoAko xhpo ovoudtwv. To nonlocal emTPETEL THV EYYPOPN
og eEwTeplka media.

KAGo1N VEOU OTUA
To wold dvoua Yo To €d0G TV KAAGEWV YPTOLULOTTOLELTOL TAEOV YLOL OMOL TO. OVTLKEIUEVOL. € TAMOTEPEG
ekd00¢Ls tg Python, 1ovo oL kKAAoELG VEOU OTUA WITOPOVOLY VAL P CLULOTOLOOUY TLG VEOTEPEGS, EVEALKTEG dU-
vatdtiteg T Python émtwg __slots_, descriptors, tdiotnteg__getattribute_ (), uébodol kKhdong,
Ko oToTikég nébodot.

OVTIKEIUEVO
OmoL0d1|tote dedouéva Ue KOTAoTAOoN (XOPOKTNPLOTIKA 1) TLY) Kow Kafoplopévn cuumeptpopd (uéBodot).
Emiong, 1 telky) faoikn KAGoY 0molacdNmote new-style class.

TOKETO
"Eva Python module mov umopel vo mepiéyer submodules 1) avadpourkd, vromakéta. Texvikd, £va mokéto
gival o Aettovpyrkn povada Python pe évo ___path__ xapakTnpLlotiko.

B emiong regular package xow namespace package.

TOPANETPOS
Mo éykupr ovtdtnto o Evav opwoud function (| péBodog) mov Kabopilelr évo argument () 0€ OPLOUEVEG
TEPLITTAOOELS, Opiopata) Tov umopel va dexOel 1 ouvdptnomn. Yradpyovv mévte eldn mapauétpmv:

o AéEn-KAeldi 1) Oéon: xoBopilel Eva dpLopa TOV WITtopel vo. petoPLpootel eite Oéoews M wg dotoua AEEng-
KAetOto0. Avto glval To TPOETILEYUEVO ELOOG TAPAUETPOV, VIO TTAPAdELYIa foo Kan bar oto akdlovOa:

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

o Oéoewg udvo: xaBopilel £va OpLopO TOV UTOPEL Vo TopEyeTal uOvVo amd T 0€on. Ol TapdueTpol ovo
B£0mMG PIToPOUV Vo 0pLOTOUV GUUTEPIAAUBAVOVTOG Evav YopakThpa / TN MOoTa TopauéTpmy Tov opL-
Oopuov oVVEPTNONG UETE 0TTO AUTEG, Yo TTapdderyua posonlyl kou posonly2 oto eENg:

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

o AéEnc-kAetdi uévo: xaBopilel évo OpLopa ov wropel va mapéyetar pdvo ue AEEN khedi. OL mapaueTpoL
HOVo YL AEEN-KAeLdE WITopovv Vo 0pLoToUV GUUITEPIAAUBAVOVTAG UL Tapduetpo BEong 1) okéto * ot
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Mota TapaUETPWY TOU 0PLOUOY CUVAPTNONG TTPLV ATTd OUTES, Yo Tapaderyua kw_onlyl Kou kw_only2
ot aKOAovOL:

{def func(arg, *, kw_onlyl, kw_only2): ... ]

o uetafAnti Oéong: xabopilel OTL umopei va mapaoyedel o avbaipetn axorovdia opioudtov OEong
(emumhéov TV oplopdtov BEong Tov givar 1191 amodeKTd 0td dAleg mapauéTpovs). Mo tétola mo-
PAUETPOG WITOPEL VO OPLOTEL TTPOCAPTDVTOG TO OVOLLO TNG TAPAUETPOU UE *, YLOL TAPASELYUX args 0T
axohovOa:

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

o ustafAnth AéEn-kAetdi: Kabopiler 6L pwwopovv va mapéyxovror avbaipeto ToAG opiouato AEENC-
KAELOLOV (emLITAEOV TV 0pLOPdT™mVY AEENG KheldLov o eival amodektd amd dhheg mapauétpous). Mia
TETOLAL TTOPAUETPOG WTOPEL VO OPLOTEL TTPOTUPTWVTAG TO OVOUC TNG TOPUUETPOU UE * *, Y0 TP
devypa kwargs OTMS TOPATAVO.

O TapaueTpoL UITopovv vo. KaBoplioovy TG00 To TPOULPETIKA OCO KAl TO AITOLTOUUEVO. OPLOUATO , KOOMG
KO TTPOETUAEYUEVEG TLUEG YLOL OPLOUEVA TIPOALPETLKA OPLOUALTOL.

BA. emiong tnv argument Kataydplon evpetnpiov, v gpdtnon FAQ oyetikd ue 1 diapopd neta&i oplopd-
TOV KoL TAPOUETPWV, TV KAGON inspect .Parameter, v evotnta function kouw PEP 362.

path entry
Mua pepovouévn torofeoio oto import path v omoia supBovievetat o path based finder yio. vo pper modules
YLOL ELOAYWYT.

path entry finder
'Evag finder mov emotpégetal amd Evav KahoOuevo 0to sys.path_hooks (dnhadi) éva path entry hook)
mov Eépel twg va evromifer modules pe path entry.

Bl importlib.abc.PathEntryFinder yia tig uefddovg mov o entry finder duadpoung vhomotei.

path entry hook
"Eva kohovuevo ot Mota sys . path_hooks, to omoio emotpéger éva path entry finder edv Eépel tmg va
Bploker module og wo ovyKeKpLUEVN path entry.

path based finder
'Evo amtd to. mpoemmheyuéva meta path finders mov avalntd évo import path yio. modules.

path-like avrikeipevo
‘Eva aviikelpevo mov oviutpoowsevel €vo path ovotiuatog apyeiov. Eva aviikeipevo path eivar eite
éva avilkeluevo str 1) bytes mov aviutpoowrtevel €vo. path 1 éva avitkeipevo wov vhomotel To TpwTod-
koMo os.PathLike. Eva avtikeiuevo mov vootpilel To mpmwtoKolho os.PathLike umopei vo pe-
tatpasel oe path cuoTNUOTOg OPYEIWV st 1 bytes Kaldvrog TV cuvapmon os. fspath ()” 10 os.
fsdecode () koL os.fsencode () WTopPoOUV va ¥PNOLUOTomO0oUV yia THY €yyUNoT eVOg amoTeléoIaTog
str N bytes, avtiotorya. Etonydn axd tov PEP 519.

PEP
[potaon Bektimong Python. 'Eva PEP eivan éva €yypapo oxedLaopion mov mopeyeL TANPOQopieg 0TV Kol
votnto Python 1) mepuypdpel o véo duvatdtnta yia v Python 1) tig dadikaoieg 1) 1o mepifallov .
Ta PEP Oa mpérmet vo mopéyouv Uio. GUVOTTTLKY TEXVIKT] TPOdLOYPagpt] KoL Lot LOYLKY] YLOL TOL TTPOTELVOUEVOL
YOPOKTNPLOTLKA.

Ta PEP mpoopilovrol va eival oL KUPLOL W oviouoi Yo TNV TTPOTO0T ONUAVILKMV VEOV YOPOKTPLOTIKMYV,
YLOL T GUAAOYY] TTANPOPOPLOY THG KOLVOTNTOG Yo £va THTNUO KoL Yo TNV TEKUNPLmON TOV 0ToQaoemy
oyedLaopov o £xovv ewoay el otnv Python. O ouyypagéag tov PEP gival veBuvog yio thv otkodoumon
oUVavEONG EVTOG THG KOLVOTNTOG KoL TNV TEKUNPLMON avTtiOeTmwy amdPpewy.

Bi. PEP 1.
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i
"‘Eva. 6Uvolo astd apyeio og Evav novo Katdhoyo (evOeouévmg omoONKeUUEVO 08 aPYELO Zip) TOU CUUPBEA-
Lovv og évo namespace TOKETO, OTwg opiletar oto PEP 420.

oplopa 0ong
BA\. argument.

provisional API
"Eva. provisional API eivan autd mov €xel eokeppéva eEaupedei amd Tig backwards eyyunoeig ovufatdTntog
™G TUTLKNG PLPAOONKNG. AV Kot deV avauévoviol ONUOVIIKEG OAAAYEG O TETOLEG BLETTOPES, EQPOCOV ETTL-
onualvovtal wg TPocwpLvés, oalhayég un backwards cuufoatotntog (UéyxpL Kou Kotdpynon g SLemapng)
umopel va Tpoktpouv edv KpLhei amapait)to amd tovg faoctkovs mpoypapatiotés. Tétoleg alhayég dev
Ba yivouv dokoma — Ba ovpPolv wovo eav amokalvpOoy copapd Oepemdr EAATTOUOTO TOV TOPOAE-
POMKav mpLv amd T ovprtepiinyn tov APL

Axoun ko yua provisional AP, ou un backwards cuufatég alhayéc Oempoivran «hiom €oyatng aviykng»- o
eEakolovBei va yivetow k40 poomdeia yia va Bpebei o Mior backwards ovpBaty) og Tuy OV evTomiopéva
mpofinuata.

Avt 1 Sadikaoio emrtpémel oty TuTTLKY BLBAo0 KN va ouveyioel va eEghiooetal pe Ty tépodo tou ypo-
Vou, YwpPig va KAELOMVEL TPOPAUATIKE OPALUATO OYESLAOUOV VIO EKTETAUEVES Y POVIKES TTEPLOdOUG. BA.
PEP 411 yi0 teplocdTepes AeTTOUEPELES,

provisional Tokéto
BA. provisional API.

Python 3000
Wevdmvupo yo to ovvoro ekddcemv Python 3.x (emvonOnke stpLv atd wohl Kapd dtav 1) KukAogopia g
€xd00mg 3 NTav KATL 0T0 LoKPLVO HEAAOV.) Autd ovoudletal emiong wg ovviopoypapio «Py3ks.

Pythonic
Mo 1déa 1) éva Koppdtt Kdduko Tov okohovBel TLoTd To Lo Kowvd tdudpata g Yhwooag Python, avti va
VAOTTOLEL KMOLKA YPNOULOTOLMVTOS £VVOLEG KOLVEG 08 ddAeg Yhwooeg. o mapdderyna, £va Kowvd dimpa
otmv Python ivan va xdvet wo eavanym tdvo amd oha ta otolyelo evag iterable ypNOLLOTOLMVTOG ULOL
dMhwon £or. [Todrég dhheg YADOOEG TTOV dEV EYOUV CUTOV TOV TUTTO KATAOKEUNG, £T0L 0L AvOpwIToL Tov dev
eivar eEotkelmpévor pe v Python ypnowwomototv peptkéc popég Evav aptbuntko uetpn):

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

L

Avtibeta, wo mo kabapn uébodog Pythonic:

p
for piece in food:

print (piece)

AVOYVOPLOUEVO GVou,
'Eva dvopo pe KouKkkideg wov deiyvel T «dradpour)» artd to Kabohkd evpog evdg module oe pwo kKhAom,
ouvaptnon 1 uéBodo mov opileTar o vtV TV evoTiTa, Omtwg opitetor oto PEP 3155. Twa ovvaptioelg
Ko KAAOELS OVATATOV ETLTEDOV, TO OVOLYVWPLOUEVO OVOUQL ELVOL 11O LE TO OVOUX TOV OVTLKEWWEVOU:

g
>>> class C:

class D:
def meth (self):
pass

>>> C._ _qualname_
] C ]
>>> C.D.__gualname

(ouvéyela oty emduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

'C.DFY
>>> C.D.meth.__qualname
'C.D.meth'

‘Otow ypnowooteitar yia avapopd oe modules , To TAHowS avayvweLlouévo évoua oNUaiveL OMOKAPO TO
drakekopuévo path pog to module, CUNITEPLOUBOVOUEVOV TUYOV YOVIKMV TAKETWV T.). email .mime.
text:

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

i 00g avagopag
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPython implementation.
Programmers can call the sys . getrefcount () function to return the reference count for a particular object.

KOVOVIKO TOKETO
'Eva mopadooiokd package, dmwg £vag KATALOYOS OV TTEPLEXEL VoL __init_ . py opyelo.

B\. exiong namespace package.

slots
Mo dSMhwon péoo o€ po KAGoN TTov EEO0LKOVOUEL UVAUT SNADVOVTAG EK TOV TPOTEPMVY YMPO YLOL PG
SeLyua YopaKTNPLOTIKG Ko eEahelpovtag MeELKd oTIyoTUTmV. AV Kat SNUOQIAAG, 1) TEXVLKY elvol KATmG
dVOKOMO VO YiveL OWOTI Ko TTPOOPLLETAL KOAUTEPQ VL0 OTTAVIES TTEPLTTMOELG OTTOV VITAPYEL LEYAAOG 0pLO-
HOG OTLYILOTUTTOV O€ ULOL EQPOPUOYT KPLoWUNS-Uvihungs.

akolovbic
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict alsosupports __getitem__ () and __len__ (), butis considered

a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

H apnpnuévn faoikr kKhGon collections.abc. Sequence opilel o oD Lo TAOVOL SLETOPT) TOV
Eemepva ta amhd __getitem__ () xou __len__ (), adding count (), index (), __contains__ (),
Kou ___reversed__ (). Ot timot tov vAOTOL0UV QUTHV TV SLEVPUUEVT] SLETTAPT] WTOPOUV VO KOTAYWPT)-
Bouv pntd ypnowomolwvtag register (). Lo meplocdTept TEKUNPLOON OYETLKA e TG ueBddoVg KO-
hovBiag yevikd, avatpéEte oto Common Sequence Operations.

set comprehension
"Evog oupmayfg Tpomog Yo va emeSepyaoteite OM 1 LEPOG TWV OTOLYEIWV O £va iterable Ko Vo EmLOTPOEL
é€va 0Uvolo e To amotehéopata. results = {c for c in 'abracadabra' if c not in 'abc'}
dnuovpyei To ouvolo cuuforoospwy {'r', 'd'}. BA. comprehensions.

novaduko dispatch
Mo popny dispatch generic function dmov 1 vVAOTOINOY emAEYETAL UE BAON TOV TUTO €VOG UEUOVOUEVOU

opiouatoc.

slice
‘Eva aviikelpevo mov ouvnOmg mepLéyel vor Tuua iag axkoiovdiag sequence. Anuiovpyetton éva slice ypn-
OLUOTTOLDVTAG T1) oneiman subscript, [] we avw Kol Katw teheieg netaEl aplbudv dtav divovol mwolhoi,

Omwg 010 variable_name[1:3:5]. H onueiwon aykilng (subscript) xpnOLLOTTOLEL EGMTEPLKA OVTLKEL-
ueva slice.

€191k pédodog
Mua puéBodog mov kaheitan oLwanpd amd tv Python yia va exteléoel o ovykekpuévn hettovpylo og évov
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o, Omtwg M TPoodNk. Tétoleg uEBodot £xovve ovoOUATO TTOV EEKLVOUV KOl TEAELOVOUV (e SLTTAEG KATW
movhec. O eldikég néBodot TEKUNPLOVOVTOL 0To specialnames.

Sroon
Mo TpdTaom eivar uépog pag oouvitag (va «Umhok» Kmdika). Mia tpdtaon eivan eite évag expression eite
o 0td TOAEG dopég pe o AEEN-KAedi Omtwg 1 £, while 1) for.

EAEYKTIS OTATIKOV TUTOV
'Eva. eEwtepikd epyaheio 6mov duafdlel Tov Python kddika Kot Tov avalvel, avalntdviag Tpopfiiuoto
omwg havBaouévol Tomol. Bi. extiong rype hints ko to module t yping.

strong reference
Zto C API tng Python, pa toyvpn avagopd eivor pua ovopopd o€ £vo avTIKEIEVO TOV VITKEL 0TOV KMOLKAL
mov TePLEYEL TNV avagopd. H woyxupn avapopd Aaupdvetor Kahmvtag to Py INCREF () Tov 1 ovopopd
dmuovpyeitar kol amelevOepmvetan we Py DECREF () Otav dLorypoupel 1 avopopd.

H ovvéptnon Py_NewRef () uropel vo xpnoLLomotnOel yio T dNpoupyio Loyvpng avoagopdis o€ VoL ovTL-
Keipevo. Zvvilwg, 1 ovvdptnon Py_DECREF () mPEmeL vo. Kaleltar otV 1oyupy| avagpopd mpwv Byel amod
TO €VPOG TNG LOYVPNG OVOPOPAC, YLaL VO atopevyDel 1) dLappon Wog avopopdic.

B\. emiong borrowed reference.

KOS1Komoinon kewévou
Mo oupforocelpd oty Python eivar o axolovbia onueimv kddko Unicode (010 €0pog U+0000-
U+10FFFF). [0 vo arroOnkeVoeTe 1] Vo LETAPEPETE PLet OVUBOLOGELPEL, TTPETTEL VOL OELPLOTTOLNDEL MG dVAdLKN
akorovbia.

H oeplomoinomn wag ouufBohooslpdg oe o duadikr akohovbio eival YvmoTh wg «KmdLKOToinon» , Kou 1
avodnuovpylo g ovpporooelpds amd Ty duadiki) akorovdio elvol YVOOTH WG «AUTOKMOLKOTOINON».

Ymdpyer pLo. oLkl SLopOPETLKNG GELPLOTOINOTNG KeLwévou codecs, oL 0TToioL GUALOYLKG OVALPEPOVTIL OG
«KOOLKOTTOLNOELG KELUEVOU».

OPYELO KEWUEVOY
'Eva file object ixavo va dLafalel Kot vo ypdepel avtikeipeva str. Zuyvd, éva apyelo KeWEVOU amoKTd
TPOYUOTLK A TTPOOP 00T O€ Lo por) duadik) pot) dedouévarv Kan xewpiletal avtoporta v text encoding. Tlapa-
delypota apyelmv KEWEVOU lval apyeila TOV ovoiyouv o€ hettoupyia kewnévou ("r' M 'w'), sys.stdin,
sys.stdout, Kou otrypdTuma tov io. StringIO.

B\. extiong binary file yuon €vor AVTUKELUEVO apyELOV pe duVATOHTNTA OVAYVIONG KoL EYYPOPNG dvadikd avit-
Kelueva.

ouuPOAOCELPE TPUTAMY ELCAYMYIKOV
Mo 6uuB0A0TELPA TTOU HETUEVETOL ATTO TPELG TEPLITTMOELG ELTE EVOG ELOAYWYLKOD (») 1] LOlg ArtoaTpdpov (“).
Av xou gV Tap€Xouv Kapio AeltovpytkoTnTo o eV eival dtaféoLun (e oVUBOLOOELPES HE LOVA ELOOYW-
YUKQ, elval YpHOoLIES YL SLOPOPOVS MOYOUG. ZaG ETULTPETOVY VO CUUTTEPLAGPETE LOVA KoL SLTTA eLoarywyLtkd
YWPLG dLapuyT) o€ wa CVIPBOLOTELPA KoL UTTOPOVV VO. EKTELVOVTAL O TOMES YPOUUES XWPLS T XPTION TOV
YOPAKTHPA CUVEXELD, KADLOTMVTAG TO LOLOLTEPA XPNOLUA KATA TN OVVTAEY eYYPaQV (e GuUBOAOOELPEG.

TOMOC
The type of a Python object determines what kind of object it is; every object has a type. An object’s type is
accessible asits __class___ attribute or can be retrieved with type (ob7j).

type alias
‘Eva ouvavupo yua €vov TOmo, Tou dNULOVPYELTOL UE TNV avABEa) TUTTOU O€ €va avaryVmpPLOTLKO.

Ta type aliases eival ypnowua yio v amhomoinon rype alias. Two wapaderypao:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass
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WITOPEL VoL YivEL TTL0 evavayvwoTto dmwg:

Color = tuple[int, int, int]

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

B\ typing kouw PEP 484, mov meprypdepel authv Tnv hettovpytkdtnta.

type hint
'Evag annotation ov KaBopilel TOV avouevouevo TOmo Lo iot UETOPANTY, EVOL YOPAKTNPLOTLKO KAGONG 1)
Lol TOPAUETPO GUVAPTNONG 1] TLUN| ETTLOTPOGPT|G.
Ou vtodei&eig TOmwV (type hints) eival poarpetikéc Ko dev emiBailovran astd tnv Python, odAd eivou xp1i-
OLUEG YLaL static type checkers. Mmtopovv ertiong va fon0fcovy toug IDEs e ) cuumhipwon KoL Ty avadio-
HOPPWOT KOdLKA.

YrodeiEeig timov (type hints) yio kobohkég petafintéc, xapoKTnplotkd KAAong Kar ouvopti-
oelg , OMG Oyl TOmKEG UETAPANTES, WITOPOVV VA TPOOTELACTOUV YPNOLUOTOLWVTAS TO typing.
get_type_hints ().

B\. typing xouw PEP 484, mou mepuypdgper autiv Ty AeLToupyLtkotnTa.

K00 MKES VEES YpaupéS
"Eva 1pdog epunveiag pomv Kelwévou atov omoio dha ta akdrovba avayvopilovral mg MEELS mog ypau-
ung: M ovufoon téhoug ypapuufg tov Unix '\n', n ovppaon twv Windows '\ r\n', Kow tnv woid odufoon
Macintosh "\r'. BL. PEP 278 kauw PEP 3116, ka0wmg koL bytes.splitlines () yio mpdobetn ypnon.

annotation perafintig
'Evag annotation wo. petoFANe 1 evog XopaKT)pLoTiKoy KAGoNG.

‘Otav annotating (o peta AN 1 €va XapaKTnPLoTKo KAAONG, 1) 0vadeon elval TPOALPETLKT):

class C:
field: 'annotation'

Ta annotations HETOPANTOV YPNOLUOTOLOVVTOL GUVNOWMG Yo fype hints: YL, TAPAIELYUA OUTH 1) LETOPANTN
avouévetal vo el Tiég int:

[count: int = 0 ]

H oVUvtoEn annotation petafAntig mepLypdgpetal oty evOTITO annassign.

B\ function annotation, PEP 484 xouw PEP 526, mov mepuypdpovv avty ) Aettovpyio. Aeite emiong
annotations-howto yio. BENTLOTES TPOAKTIKEG OYETIKA UE TNV EPYOCIO LE OXOMATUOVG.

virtual environment
"Eva ouvepyatikd ommoiovouévo mepLBAAlov xpOvou eKTELEDTG TTOV ETLTPETEL OTOVG YPNOTESG KOL TLG EQOP-
noyég g Python va eykataotioovv kou vo avafoabuicovy takéta drovoung Python ywpig va mapepfaivouy
0T ovuTePLPopd Ghhwv epapuoymv Python tov extelovvtal 0To 1610 oVoTYUAL.

BA. emtiong venv.

virtual machine
"Evog vtohoylotig opiletan €€ ohokAnpov amd to hoyiomkd. H eucoviky) unyavi g Python extehei to
bytecode Tov eXTEUTETOL ATTO TOV pPeTAYATTLOTY bytecode.

Zen g Python
Katdhoyog oyedlootikdv apydv KoL QLLOCOQLOV TTOV ELVOL XPNOLUES YLOL TNV KATOVON 0T KoL TN XP1HoN TG
yAwooag. O kotdhoyog uropel vo Ppedel mAnkTpoloywvtag «import this» oty dlodpaoTiK KOVoOla.
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nAPAPTHMA B’

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written for
the Python documentation.

H avamtuEn tov eyypleov Kol Tov gpyoleiwv toug eivar eE” ohokhnpov edehovtiky mpoomddera, dmwg Ko 1)
idua 1 Python. EGv Béhete va. ouvelopépete, piEte wo. potid ot oghida reporting-bugs yio, TANPOQOPLES OYETIKEG
e To Twg vo. 1o Kavete. Kawvouplol e0ehoviég eival mdvta evmpdodektol!

[ToAAég vy OpLOTiES TTNYALVOUY OTOVG:
« Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
« 7o Docutils tpdtlekt yio v dnuovpyio tmv epapuoydv reStructured Text ko Docutils:

o Fredrik Lundh yua to 816 tov Alternative Python Reference mpdtlekt amd to omoio to Sphinx mpe ol
KoAég LOgec.

B'.1 Contributors to the Python Documentation

IoAhol avBpwrtoL éxouv ouvela@épel ot Yhwooo Python, thv BiioOnin tng Python, ko ta €yypagpa tng Python.
Agite Misc/ACKS otig minyég dravoung g Python yia pa Moto twv ouvieheotdv.

Moévo ue tn ouufol) Kot Tig OUVELGPOPES TG Kotvotntag tg Python, 1) Python €yel tétola vitépoya éyypapo -
Zag evyoaploTovpe!
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4
NAPAPTHMA [

loTopla kat Adela

.1 Hotopia Tou AoyLoHLKOU

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https://www.
cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’s principal author, although
it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation; see https:
/Iwww.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was formed, a non-
profit organization created specifically to own Python-related Intellectual Property. Zope Corporation is a sponsoring
member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most, but
not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

‘Ekdoon Mpoepxduevn and ‘Etogq I[dloktnoia  GPL compatible?
09.0éwg 1.2  d/v 1991-1995 CWI Vol
13¢éwg1.52 1.2 1995-1999 CNRI Vol
1.6 1.5.2 2000 CNRI OyL
2.0 1.6 2000 BeOpen.com &yt
1.6.1 1.6 2001 CNRI oL
2.1 2.0+1.6.1 2001 PSF oL
2.0.1 2.0+1.6.1 2001 PSF vou
2.1.1 2.1+2.0.1 2001 PSF vaiL
2.1.2 2.1.1 2002 PSF VoL
2.1.3 2.1.2 2002 PSF VoL
2.2 xou whvey  2.1.1 2001-onuepa.  PSF Vo
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Inueiwon: GPL-compatible doesn’t mean that we're distributing Python under the GPL. All Python licenses, unlike
the GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’t.

X&p1, 0toug ToAovg eEmTepLkovg e0eLOVTEG TTOV EpYAOTKAY KUTW 07TO TG 081 Yieg Tov Guido, avtég oL ekddoelg
EyLVay EQLKTEG.

.2 OpolL Kat npoUmnoBeocelg ywa tnv npoéocpacn | tTnv Xpnon tneg
Python pe aAAoug Tpomoug

Python software and documentation are licensed under the PSF License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.

Kdamoro Aoyioukd mov eival evomupotouévo otnv Python givan vitd duagpopetikég ddeteg ypnone. O adeleg mapal-
TOEVTAL PE KDOOLKO TOV EUTTLITTEL 0€ QUTNV TNV AdeLaL. Agite Adeies kau Evyaototies yra Evoouatwuévo Aoyiouxd
yLoL uLoL EAMLTTN ALOTaL ATV TV OdELMDV.

".2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.13

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

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

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

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.11.13 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All._
—~Rights
Reserved" are retained in Python 3.11.13 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.11.13.

4. PSF is making Python 3.11.13 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
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EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—OR

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

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

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.13

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.L
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.13, 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 3.11.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

r22 YMoQNIA AAEIAZ BEOPEN.COM I'lA PYTHON 2.0

ZYM®ONIA AAEIAZ ANOIXTOY KQAIKA BEOPEN PYTHON EKAOZH 1

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,

(ouvéyeLa oV ETOUEVT] GEMDQL)

M.2. Opol kai poiinmoBgoeLg yia tTnv npoocpaon 1 tnv Xprion tng Python pe aAAoug tponoug 321




The Python/C API, Anpooicuon 3.11.13

(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

r.2.3 ZYM®QNIA AAEIAZ CNRI I'lA PYTHON 1.6.1

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

(ouvéyela otV emouevn oekida)
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ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

r2.4 XYMoOQNIA AAEIAZ CWII'IA PYTHON 0.9.0 EQx 1.2

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.
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M.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.13
DOCUMENTATION

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

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

.3 Adeleq kKatL Euxapiotieg yia Evowpatwpévo AOYLOULKO

Avt) 1 evémto eivan wa nutedic, aAhd avEavopevn Mota adeidv Kot uyaplotidv yio AOYLOWKO TPITwYV, T0U
EVOWUOTMOVETOL 0TNV dravouy g Python.

M.3.1 Mersenne Twister

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

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(ouvéyela otV emtduevVn oekida)
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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)

M.3.2 Sockets

H evémnto socket ypnouomolel TG ovvaptoels, getaddrinfo (), ko getnameinfo (), ta omoio £govv
viomoBei oe draopetikd apyeia amd to WIDE 'Epyo, https://www.wide.ad. jp/.

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.
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M.3.3 Aouyxpoveg socket unnpeoieq

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

M.3.4 Awaxeipion Cookie

H evémto http.cookies mepéyel TV TOpAKAT® E1O0TOINON:

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.
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M.3.5 Avixveuon eKTéAeong

H evomto t race mepLéyel v TapokdTm eLd0TOiNo:

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.

M.3.6 Zuvaptnoelg UUencode kat UUdecode

H evomto uu mepiéyet v mapakdtm edomoinon:

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

(ouvéyela otV emouevn oekida)
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

M.3.7 KAfjoeig Anopakpuopevng Awadikaciag XML

H evomta xmlrpc.client mePLEXEL TNV TAPOKATO ELOOTOINON:

The XML-RPC client interface is

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

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

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

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

M.3.8 test_epoll

Hevomta test.test_epoll mepLéyel TV TOPAKATm ELOOTOIMON:

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
(ouvéyeLa oV ETOUEVT] GEMDQL)
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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.

M.3.9 EmAoyn kqueue

H evomta select mepiéyel v mapokdtm ewdoroinon yio v kqueue diemopt):

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
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

".3.10 SipHash24

To apyelo Python/pyhash. c mepiéyel v vhomoinon tov Marek Majkowski Tou alyopiBpov Tov Dan Bernstein,
SipHash24. Autd mepléyeL tnv mopaKatm oNueiwon:

<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>

(ouvéyela otV emtduevVn oekida)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

M.3.11 strtod kaw dtoa

To apyelo Python/dtoa. c, mov mapéyel TG ouvoptnoelg dtoa kol strtod g C yia uetatpomt) twv C doubles
7TPOG Ka ard strings, Tpogpyetan amd To oumvupo apyeio Tov David M. Gay, tpog to mapdv dadéoipo amd https:
/Iweb.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c. To apyikd apyeio, Omwg avaxthonke oTig
16 Moptiov, 2009, meptéxel To. aKOLOVHO TVEVIOTLKA SIKAULMULALTO, KoL TNV ELO0TTOIN0N 0deL0dOTNONG:

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

*

* 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. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

‘k***********************‘k*‘k*********‘k**************************/

r.3.12 OpenSSL

O povédechashlib, posix, ssl, crypt ypnopomorotv tv Bifrio0nkn OpenSSL yia emuhéov amddoon, edv
dratifevtal oo To Aettoupytko ovotnua. Emumhéov, to mpoypduuato eykatdotaong yo tnv Python yio Windows
ko macOS, evdéyetal va mepthaufavouv éva aveiypago tov fipiodnkdv OpenSSL, erouévwg ovpmephoufa-
voupe éva aviiypago g ddelag OpenSSL edm. T'wa tnv ékdoon OpenSSL 3.0 ko yio vedtepeg eKOOTELG TOV
TPOoEPYovVTaL 0T QUTH), LoYVEL 1) AdeLa Apache v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

(ouvéyela otV emoueV oekida)
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"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
(ouvéyela otV emtduevn oehida)
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worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and

may provide additional or different license terms and conditions
(ouvéyela otV emtduevn oehida)

332 Mapdaptnua . lotopia kat Adsla




The Python/C API, Anpooicuon 3.11.13

(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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.3.13 expat

H enéxtoon pyexpat dnuLovpyeitot xpNoLuomoldvTog Vo CURTEPLIAAUBOVOUEVO OVTLYPAPO TV TNYMV expat,
eKTOG eV 1 £K8001 €xeL TV pUOWON ——with-system—-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
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.

r.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured
——with-system—-1libffi:

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

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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r.3.15 zlib

H eméktaon z1ib dnuovpyeiton xpnoLoToLmVTOS £VO CUUTEPIAAUBAVOUEVOL OVTLYPAPO TOV TTNYWV Zlib, edv 1)
€kd0o0m Tov zlib ov Bpioketal 0To CVOTNUA ElVOL TTOAD TTOAMA YLoL VAL, XPNOLULOTTOLNOEL YLoL TV KOTAOKEVY:

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

M.3.16 cfuhash

H vlomoinom tov mivoko KOTAKEPUOTIOUOV TOU YPNOLLOTOLEITAL ad To tracemalloc PBaociletal oto €pyo
cfuhash:

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

(ouvéyela otV emtduevVn oekida)
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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.

M.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system-libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

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

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

M.3.18 W3C C14N ocouita doKLuQ

H covita dokuung C14N 2.0 oto mokéto test (Lib/test/xmltestdata/cl4n-20/) avaktyOnke amd Tov
tototomo tov W3C https://www.w3.org/TR/xml-c14n2-testcases/ kou dravépeton pe v ddewa 3 pritpwv BSD:

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:

(ouvéyela otV emtduevVn oekida)
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* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

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

r.3.19 Audioop

To module audioop ypnowomolel wg PAaon kKmdika Tou apyeiov g771.c tov épyouv Sox. https://sourceforge.net/
projects/sox/files/sox/12.17.7/sox-12.17.7 .tar.gz

Avtd o mnyaiog KOdKag eival mpoitdv g Sun Microsystems, Inc. Kot mwopéyetal yia ameplopLoT
xpNo1. OL XpNOoTES UTOPOVY VA AVTLYPAYPOUV 1] VO TPOTOTOLNCOVV CUTOV TOV TTNYaio KMALKa ymplg

YPEWON.
O [MHT'AIOZ KOQAIKAZ TOY SUN IMAPEXETAI OITQX EXEI XQPIZ KANENOZ EIAOYZ EITYH-
2EIZ ZSYMITEPIAAMBANOMENQN EITYHZEQN ZXEAIAZMOY, EMITIOPEYZIMOTHTAZ KAI

KATAAAHAOTHTAZ I'TA ZYTKEKPIMENO 2KOIIO 'H ITIOY TTPOKYIITEI ATIO KAIIOIA TIO-
PEIA XYNAAAATHZ, XPHZHZ 'H EMITIOPIKHZ ITPAKTIKHX.

O niyaiog KOdIKAG Tov Sun Tap€yeToL XmPIg TNV VITOoTHPLEN Kot Xwpig Kapio voypéman ek Hépoug
g Sun Microsystems, Inc. va fon0noer otnv yp1omn, oty dtopOwon, Tpomomoinon 1 fertiwon Tov.
SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE

INFRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

Ze kapio mepimtmon M Sun Microsystems, Inc. dev @éper evBivn yio Tuy OV atdAeld 60wV 1) Kep-
dV 1) ddheg edLKég, Euueoeg Kat emakolovleg Tnuieg, axoun kot ov 1 Sun €yl evnuepwOel Yo Tv
TOOVOTNTA TETOLWV THULOV.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, Koligpopvia 94043
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".3.20 asyncio

Mépmn g evottog asyncio gvowpatdvoviol amd to uvloop 0.16, 1 omoio dravéuetol pe ddero MIT:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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NAPAPTHMA £\’

Copyright

H Python ko vt 1) Tekunpiwon eivod:

Copyright © 2001-2023 Python Software Foundation. ‘Ol To. StkodUoTo SLOTPOUVTAL.

Copyright © 2000 BeOpen.com. OLa T SUKOLMOUOTA SLATNPOVVTOL.

Copyright © 1995-2000 Corporation for National Research Initiatives. Olo. To. StKaLOUATO SLATNPOVVTAL.

Copyright © 1991-1995 Stichting Mathematisch Centrum. ‘Ola Tal SLKOLOUOTA SLATPOVVTOL.

AvatpéEte oto lotopla kar Adewa Yo, TA PN G TANPOQOPN oY OYeTLKd pe TV ddera yprong Ko TG eEouoLodoThHoELC.
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..., 299

2to3,299

>>>, 299

BDFL, 301
CO_FUTURE_DIVISION (C var), 47
CPython, 303

Capsule

object, 178
C-contiguous, 112, 302
EAFP, 304

EOFError (built-in exception), 165
Fortran contiguous, 112,302
GIL, 306
IDLE, 307
KeyboardInterrupt (built-in exception), 58
LBYL, 309
LONG_MAX (C macro), 123
METH_CLASS (C macro), 254
METH_COEXIST (C macro), 254
METH_FASTCALL (C macro), 253
METH_KEYWORDS (C macro), 253
METH_METHOD (C macro), 254
METH_NOARGS (C macro), 254
METH_O (C macro), 254
METH_STATIC (C macro), 254
METH_VARARGS (C macro), 253
MRO, 310
MethodType (in module types), 160, 161
ModuleType (in module types), 165
None

object, 121
OverflowError (built-in exception), 123, 124
PATH, 13
PEP, 312
PYMEM_DOMAIN_MEM (C macro), 243
PYMEM_DOMAIN_OBJ (C macro), 243
PYMEM_DOMAIN_RAW (C macro), 242
PYTHONCOERCECLOCALE, 231

PYTHONDEBRUG, 190, 226
PYTHONDEVMODE, 222
PYTHONDONTWRITEBYTECODE, 190, 229
PYTHONDUMPREF'S, 222, 264
PYTHONEXECUTABLE, 226
PYTHONFAULTHANDLER, 223
PYTHONHASHSEED, 191, 223
PYTHONHOME, 13, 191, 197, 224
PYTHONINSPECT, 191, 224
PYTHONIOENCODING, 193, 228

PYTHONLEGACYWINDOWSFSENCODING, 191, 217

PYTHONLEGACYWINDOWSSTDIO, 191, 225
PYTHONMALLOC, 238, 242, 244, 245
PYTHONMALLOCSTATS, 225, 238
PYTHONNODEBUGRANGES, 222
PYTHONNOUSERSITE, 191, 228
PYTHONOPTIMIZE, 192, 226
PYTHONPATH, 13, 191, 225
PYTHONPLATLIBDIR, 225
PYTHONPROFILEIMPORTTIME, 224
PYTHONPYCACHEPREFIX, 227
PYTHONSAFEPATH, 221
PYTHONTRACEMALLOC, 228
PYTHONUNBUFFERED, 192, 221
PYTHONUTEFS, 218, 231
PYTHONVERBOSE, 192, 229
PYTHONWARNINGS, 229
PY_MAJOR_VERSION (C macro), 297
PY_MICRO_VERSION (C macro), 297
PY_MINOR_VERSION (C macro), 297
PY_RELEASE_LEVEL (C macro), 297
PY_RELEASE_SERIAL (C macro), 297
PY_SSIZE_T_MAX (C macro), 124

PY_VECTORCALL_ARGUMENTS_OFFSET (C macro),

97
PY_VERSION_HEX (C macro), 297
PyAIter_Check (C function), 107
PyASCIIObject (C type), 133
PyAnySet_Check (C function), 158
PyAnySet_CheckExact (C function), 158
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PyArg_Parse (C function), 81 PyByteArray_CheckExact (C function), 132
PyArg_ParseTuple (C function), 81 PyByteArray_Concat (C function), 132
PyArg_ParseTupleAndKeywords (C function), 81 PyByteArray_FromObject (C function), 132
PyArg_UnpackTuple (C function), 81 PyByteArray_FromStringAndSize (C function),
PyArg_VaParse (C function), 81 132
PyArg_VaParseTupleAndKeywords (C function), PyByteArray_GET_SIZE (C function), 132
81 PyByteArray_Resize (C function), 132
PyArg_ValidateKeywordArguments (C PyByteArray_Size (C function), 132
function), 81 PyByteArray_Type (Cvar), 132
PyAsyncMethods (C type), 288 PyBytesObject (Ctype), 130
PyAsyncMethods.am_aiter (C member), 288 PyBytes_AS_STRING (C function), 131
PyAsyncMethods.am_anext (C member), 288 PyBytes_AsString (C function), 131
PyAsyncMethods.am_await (C member), 288 PyBytes_AsStringAndSize (C function), 131
PyAsyncMethods.am_send (C member), 289 PyBytes_Check (C function), 130
PyBUF_ANY_CONTIGUOUS (C macro), 112 PyBytes_CheckExact (C function), 130
PyBUF_CONTIG (C macro), 113 PyBytes_Concat (C function), 131
PyBUF_CONTIG_RO (C macro), 113 PyBytes_ConcatAndDel (C function), 131
PyBUF_C_CONTIGUOUS (C macro), 112 PyBytes_FromFormat (C function), 130
PyBUF_FORMAT (C macro), 111 PyBytes_FromFormatV (C function), 130
PyBUF_FULL (C macro), 113 PyBytes_FromObject (C function), 131
PyBUF_FULL_RO (C macro), 113 PyBytes_FromString (C function), 130
PyBUF_F_CONTIGUOUS (C macro), 112 PyBytes_FromStringAndSize (C function), 130
PyBUF_INDIRECT (C macro), 112 PyBytes_GET_SIZE (C function), 131
PyBUF_MAX_NDIM (C macro), 111 PyBytes_Size (C function), 131
PyBUF_ND (C macro), 112 PyBytes_Type (Cvar), 130
PyBUF_READ (C macro), 176 PyCFunction (C type), 252
PyBUF_RECORDS (C macro), 113 PyCFunctionWithKeywords (C type), 252
PyBUF_RECORDS_RO (C macro), 113 PyCFunction_New (C function), 255
PyBUF_SIMPLE (C macro), 112 PyCFunction_NewEx (C function), 255
PyBUF_STRIDED (C macro), 113 PyCMethod (C type), 252
PyBUF_STRIDED_RO (C macro), 113 PyCMethod_New (C function), 254
PyBUF_STRIDES (C macro), 112 PyCallIter_Check (C function), 173
PyBUF_WRITABLE (C macro), 111 PyCallIter_New (C function), 174
PyBUF_WRITE (C macro), 176 PyCallIter_Type (Cvar), 173
PyBool_Check (C function), 125 PyCallable_Check (C function), 101
PyBool_FromLong (C function), 125 PyCapsule (Ctype), 178
PyBool_Type (Cvar), 125 PyCapsule_CheckExact (C function), 178
PyBufferProcs (Ctype), 108, 287 PyCapsule_Destructor (Ctype), 178

PyBufferProcs.bf_getbuffer (Cmember),287 PyCapsule_GetContext (C function), 178
PyBufferProcs.bf_releasebuffer (Cmember), PyCapsule_GetDestructor (C function), 178

287 PyCapsule_GetName (C function), 178
PyBuffer FillContiguousStrides (C PyCapsule_GetPointer (C function), 178

function), 115 PyCapsule_TImport (C function), 179
PyBuffer_FillInfo (C function), 115 PyCapsule_TIsValid (C function), 179
PyBuffer_FromContiguous (C function), 115 PyCapsule_New (C function), 178
PyBuffer_ GetPointer (C function), 115 PyCapsule_SetContext (C function), 179
PyBuffer_ IsContiguous (C function), 115 PyCapsule_SetDestructor (C function), 179
PyBuffer Release (C function), 115 PyCapsule_SetName (C function), 179
PyBuffer_SizeFromFormat (C function), 115 PyCapsule_SetPointer (C function), 179
PyBuffer_ToContiguous (C function), 115 PyCellObject (Ctype), 162
PyByteArrayObject (C type), 132 PyCell_Check (C function), 162
PyByteArray_AS_STRING (C function), 132 PyCell_ GET (C function), 162
PyByteArray_AsString (C function), 132 PyCell_Get (C function), 162
PyByteArray_Check (C function), 132 PyCell_New (C function), 162
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PyCell_SET (C function), 162
PyCell_Set (C function), 162
PyCell_Type (Cvar), 162
PyCodeObject (Ctype), 163
PyCode_Addr2Line (C function), 163
PyCode_Addr2Location (C function), 163
PyCode_Check (C function), 163
PyCode_GetCellvars (C function), 164
PyCode_GetCode (C function), 164
PyCode_GetFreevars (C function), 164
PyCode_GetNumFree (C function), 163
PyCode_GetVarnames (C function), 164
PyCode_New (C function), 163
PyCode_NewEmpty (C function), 163
PyCode_NewWithPosOnlyArgs (C function), 163
PyCode_Type (C var), 163
PyCodec_BackslashReplaceErrors c
function), 89
PyCodec_Decode (C function), 88
PyCodec_Decoder (C function), 88
PyCodec_Encode (C function), 88
PyCodec_Encoder (C function), 88
PyCodec_IgnoreErrors (C function), 89
PyCodec_IncrementalDecoder (C function), 89
PyCodec_IncrementalEncoder (C function), 88
PyCodec_KnownEncoding (C function), 88
PyCodec_LookupError (C function), 89
PyCodec_NameReplaceErrors (C function), 89
PyCodec_Register (C function), 88
PyCodec_RegisterError (C function), 89
PyCodec_ReplaceErrors (C function), 89
PyCodec_StreamReader (C function), 89
PyCodec_StreamWriter (C function), 89
PyCodec_StrictErrors (C function), 89
PyCodec_Unregister (C function), 88
PyCodec_XMLCharRefReplaceErrors (e
function), 89
PyCompactUnicodeObject (Ctype), 133
PyCompilerFlags (C struct), 47
PyCompilerFlags.cf_feature_version (e
member), 47
PyCompilerFlags.cf_flags (C member), 47
PyComplexObject (C type), 129
PyComplex_AsCComplex (C function), 129
PyComplex_Check (C function), 129
PyComplex_CheckExact (C function), 129
PyComplex_FromCComplex (C function), 129
PyComplex_FromDoubles (C function), 129
PyComplex_TImagAsDouble (C function), 129
PyComplex_RealAsDouble (C function), 129
PyComplex_Type (C var), 129
PyConfig (Ctype), 219
PyConfig_ Clear (C function), 220
PyConfig_TInitIsolatedConfig (C function),219

PyConfig_InitPythonConfig (C function), 219
PyConfig_Read (C function), 220
PyConfig_SetArgv (C function), 219
PyConfig_SetBytesArgv (C function), 219
PyConfig SetBytesString (C function), 219
PyConfig_SetString (C function), 219
PyConfig_SetWideStringList (C function), 219
PyConfig.argv (C member), 220
PyConfig.base_exec_prefix (C member), 221
PyConfig.base_executable (C member), 221
PyConfig.base_prefix (C member), 221
PyConfig.buffered_stdio (C member), 221
PyConfig.bytes_warning (C member), 221
PyConfig.check_hash_pycs_mode (C member),
222
PyConfig.code_debug_ranges (C member), 221
PyConfig.configure_c_stdio (C member), 222
PyConfig.dev_mode (C member), 222
PyConfig.dump_refs (C member), 222
PyConfig.exec_prefix (Cmember), 222
PyConfig.executable (C member), 222
PyConfig.faulthandler (C member), 223
PyConfig.filesystem_encoding (C member),
223
PyConfig.
PyConfig.
PyConfig.
PyConfig.

filesystem_errors (C member), 223
hash_seed (C member), 223
home (C member), 224
import_time (C member), 224
PyConfig.inspect (C member), 224
PyConfig.install_signal_handlers (e
member), 224
PyConfig.interactive (C member), 224
PyConfig.isolated (C member), 224
PyConfig.legacy_windows_stdio (C member),
224
PyConfig.malloc_stats (C member), 225
PyConfig.module_search_paths (C member),
225
PyConfig.module_search_paths_set (e
member), 225
PyConfig.optimization_level (Cmember),225
PyConfig.orig_argv (C member), 226
PyConfig.parse_argv (C member), 226
PyConfig.parser_debug (C member), 226
PyConfig.pathconfig _warnings (C member),
226
PyConfig.platlibdir (C member), 225
PyConfig.prefix (C member), 226
PyConfig.program_name (C member), 226
PyConfig.pycache_prefix (C member), 227
PyConfig.pythonpath_env (C member), 225
PyConfig.quiet (C member), 227
PyConfig.run_command (C member), 227
PyConfig.run_filename (C member), 227
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run_module (C member), 227
safe_path (C member), 220
show_ref_count (C member), 227
PyConfig.site_import (C member), 227
PyConfig.skip_source_first_line c
member), 228
PyConfig.stdio_encoding (C member), 228
PyConfig.stdio_errors (C member), 228
PyConfig.tracemalloc (C member), 228
PyConfig.use_environment (C member), 228
PyConfig.use_hash_seed (C member), 223
PyConfig.user_site_directory (C member),
228
PyConfig.verbose (C member), 229
PyConfig.warn_default_encoding (Cmember),
221
PyConfig.warnoptions (C member), 229
PyConfig.write_bytecode (C member), 229
PyConfig.xoptions (C member), 229
PyContext (C type), 182
PyContextToken (C type), 182
PyContextToken_CheckExact (C function), 182
PyContextToken_Type (C var), 182
PyContextVar (C type), 182
PyContextVar_CheckExact (C function), 182
PyContextVar_Get (C function), 183
PyContextVar_New (C function), 183
PyContextVar_Reset (C function), 183
PyContextVar_Set (C function), 183
PyContextVar_Type (C var), 182
PyContext_CheckExact (C function), 182
PyContext_Copy (C function), 182
PyContext_CopyCurrent (C function), 182
PyContext_Enter (C function), 182
PyContext_Exit (C function), 182
PyContext_New (C function), 182
PyContext_Type (Cvar), 182
PyCoroObject (Ctype), 181
PyCoro_CheckExact (C function), 181
PyCoro_New (C function), 181
PyCoro_Type (C var), 181
PyDateTime_Check (C function), 184
PyDateTime_CheckExact (C function), 184
PyDateTime_DATE_GET_FOLD (C function), 186
PyDateTime_DATE_GET_HOUR (C function), 185
PyDateTime_DATE_GET_MICROSECOND c
function), 186
PyDateTime_DATE_GET_MINUTE (C function), 185
PyDateTime_DATE_GET_SECOND (C function), 186
PyDateTime_DATE_GET_TZINFO (C function), 186
PyDateTime_DELTA_GET_DAYS (C function), 186
PyDateTime_DELTA_GET_MICROSECONDS c
function), 186

PyConfig.
PyConfig.
PyConfig.

PyDateTime_DELTA_GET_SECONDS (C function),
186
PyDateTime_Date (Ctype), 183
PyDateTime_DateTime (C type), 183
PyDateTime_DateTimeType (Cvar), 183
PyDateTime_DateType (Cvar), 183
PyDateTime_Delta (C type), 183
PyDateTime_DeltaType (Cvar), 184
PyDateTime_FromDateAndTime (C function), 185
PyDateTime_FromDateAndTimeAndFold (o
function), 185
PyDateTime_FromTimestamp (C function), 187
PyDateTime_GET_DAY (C function), 185
PyDateTime_GET_MONTH (C function), 185
PyDateTime_GET_YEAR (C function), 185
PyDateTime_ TIME_GET_FOLD (C function), 186
PyDateTime_TIME_GET_HOUR (C function), 186
PyDateTime_TIME_GET_MICROSECOND c
function), 186
PyDateTime_TIME_GET_MINUTE (C function), 186
PyDateTime_TIME_GET_SECOND (C function), 186
PyDateTime_TIME_GET_TZINFO (C function), 186
PyDateTime_TZInfoType (Cvar), 184
PyDateTime_Time (C type), 183
PyDateTime_TimeType (C var), 183
PyDateTime_TimeZone_UTC (C var), 184
PyDate_Check (C function), 184
PyDate_CheckExact (C function), 184
PyDate_FromDate (C function), 184
PyDate_FromTimestamp (C function), 187
PyDelta_Check (C function), 184
PyDelta_CheckExact (C function), 184
PyDelta_FromDSU (C function), 185
PyDescr_IsData (C function), 174
PyDescr_NewClassMethod (C function), 174
PyDescr_NewGetSet (C function), 174
PyDescr_NewMember (C function), 174
PyDescr_NewMethod (C function), 174
PyDescr_NewWrapper (C function), 174
PyDictObject (Ctype), 155
PyDictProxy_New (C function), 155
PyDict_Check (C function), 155
PyDict_CheckExact (C function), 155
PyDict_Clear (C function), 155
PyDict_Contains (C function), 155
PyDict_Copy (C function), 155
PyDict_DelItem (C function), 156
PyDict_DelItemString (C function), 156
PyDict_GetItem (C function), 156
PyDict_GetItemString (C function), 156
PyDict_GetItemWithError (C function), 156
PyDict_Items (C function), 156
PyDict_Keys (C function), 156
PyDict_Merge (C function), 157
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PyDict_MergeFromSeqg2 (C function), 158
PyDict_New (C function), 155
PyDict_Next (C function), 157
PyDict_SetDefault (C function), 156
PyDict_SetItem (C function), 155
PyDict_SetItemString (C function), 156
PyDict_Size (C function), 157
PyDict_Type (Cvar), 155
PyDict_Update (C function), 157
PyDict_Values (C function), 156
PyDoc_STR (C macro), 7
PyDoc_STRVAR (C macro), 6
PyErr_BadArgument (C function), 53
PyErr_BadInternalCall (C function), 54
PyErr_CheckSignals (C function), 58
PyErr_Clear (C function), 11, 12,52
PyErr_ExceptionMatches (C function), 12, 56
PyErr_Fetch (C function), 56
PyErr_Format (C function), 52
PyErr_FormatV (C function), 52
PyErr_GetExcInfo (C function), 57
PyErr_GetHandledException (C function), 57
PyErr_GivenExceptionMatches (C function), 56
PyErr_NewException (C function), 59
PyErr_NewExceptionWithDoc (C function), 59
PyErr_NoMemory (C function), 53
PyErr_NormalizeException (C function), 56
PyErr_Occurred (C function), 11, 56
PyErr_Print (C function), 52
PyErr_PrintEx (C function), 52
PyErr_ResourceWarning (C function), 55
PyErr_Restore (C function), 56
PyErr_SetExcFromWindowsErr (C function), 53
PyErr_SetExcFromWindowsErrWithFilename
(C function), 54

PyErr_SetInterrupt (C function), 58
PyErr_SetInterruptEx (C function), 58
PyErr_SetNone (C function), 52
PyErr_SetObject (C function), 52
PyErr_SetString (C function), 11, 52
PyErr_SyntaxLocation (C function), 54
PyErr_SyntaxLocationEx (C function), 54
PyErr_SyntaxLocationObject (C function), 54
PyErr_WarnEx (C function), 55

PyErr WarnExplicit (C function), 55
PyErr_WarnExplicitObject (C function), 55
PyErr_WarnFormat (C function), 55
PyErr_WriteUnraisable (C function), 52
PyEval_AcquireLock (C function), 204
PyEval_AcquireThread (C function), 204
PyEval_AcquireThread(), 199
PyEval_EvalCode (C function), 46
PyEval_EvalCodeEx (C function), 46
PyEval_EvalFrame (C function), 46
PyEval_EvalFrameEx (C function), 46
PyEval_GetBuiltins (C function), 87
PyEval_GetFrame (C function), 87
PyEval_GetFuncDesc (C function), 88
PyEval_GetFuncName (C function), 87
PyEval_GetGlobals (C function), 87
PyEval_GetLocals (C function), 87
PyEval_InitThreads (C function), 199
PyEval_InitThreads (), 192
PyEval_MergeCompilerFlags (C function), 46
PyEval_ReleaseLock (C function), 204
PyEval_ReleaseThread (C function), 204
PyEval_ReleaseThread (), 199
PyEval_RestoreThread (C function), 198, 200
PyEval_RestoreThread(), 199
PyEval_SaveThread (C function), 198, 200

PyErr_SetExcFromWindowsErrWithFilenameObBgEtal_SaveThread(), 199

(C function), 54

PyEval_SetProfile (C function), 208

PyErr_SetExcFromWindowsErrWithFilenameObBgEtal_SetTrace (C function), 208

(C function), 54
PyErr_SetExcInfo (C function), 57
PyErr_SetFromErrno (C function), 53
PyErr_SetFromErrnoWithFilename c
function), 53
PyErr_SetFromErrnoWithFilenameObject (C
function), 53
PyErr_SetFromErrnoWithFilenameObjects
(C function), 53
PyErr_SetFromWindowsErr (C function), 53
PyErr_SetFromWindowsErrWithFilename (C
function), 53
PyErr_SetHandledException (C function), 57
PyErr_SetImportError (C function), 54
PyErr_SetImportErrorSubclass (C function),
54

PyEval_ThreadsInitialized (C function), 199
PyExc_ArithmeticError (Cvar), 62
PyExc_AssertionError (Cvar), 62
PyExc_AttributeError (Cvar), 62
PyExc_BaseException (Cvar), 62
PyExc_BlockingIOError (Cvar), 62
PyExc_BrokenPipeError (Cvar), 62
PyExc_BufferError (Cvar), 62
PyExc_BytesWarning (Cvar), 64
PyExc_ChildProcessError (Cvar), 62
PyExc_ConnectionAbortedError (Cvar), 62
PyExc_ConnectionError (C var), 62
PyExc_ConnectionRefusedError (Cvar), 62
PyExc_ConnectionResetError (C var), 62
PyExc_DeprecationWarning (C var), 64
PyExc_EOFError (Cvar), 62
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PyExc_EnvironmentError (Cvar), 63
PyExc_Exception (Cvar), 62
PyExc_FileExistsError (Cvar), 62
PyExc_FileNotFoundError (Cvar), 62
PyExc_FloatingPointError (Cvar), 62
PyExc_FutureWarning (C var), 64
PyExc_GeneratorExit (Cvar), 62
PyExc_IOError (Cvar), 63
PyExc_ImportError (Cvar), 62
PyExc_ImportWarning (C var), 64
PyExc_IndentationError (Cvar), 62
PyExc_IndexError (Cvar), 62
PyExc_InterruptedError (Cvar), 62
PyExc_IsADirectoryError (Cvar), 62
PyExc_KeyError (Cvar), 62
PyExc_KeyboardInterrupt (Cvar), 62
PyExc_LookupError (C var), 62
PyExc_MemoryError (C var), 62
PyExc_ModuleNotFoundError (C var), 62
PyExc_NameError (C var), 62
PyExc_NotADirectoryError (Cvar), 62
PyExc_NotImplementedError (C var), 62
PyExc_OSError (Cvar), 62
PyExc_OverflowError (Cvar), 62
PyExc_PendingDeprecationWarning (Cvar), 64
PyExc_PermissionError (C var), 62
PyExc_ProcessLookupError (C var), 62
PyExc_RecursionError (Cvar), 62
PyExc_ReferenceError (Cvar), 62
PyExc_ResourceWarning (C var), 64
PyExc_RuntimeError (Cvar), 62
PyExc_RuntimeWarning (C var), 64
PyExc_StopAsyncIteration (Cvar), 62
PyExc_StopIteration (Cvar), 62
PyExc_SyntaxError (C var), 62
PyExc_SyntaxWarning (C var), 64
PyExc_SystemError (Cvar), 62
PyExc_SystemExit (C var), 62
PyExc_TabError (Cvar), 62
PyExc_TimeoutError (Cvar), 62
PyExc_TypeError (Cvar), 62
PyExc_UnboundLocalError (C var), 62
PyExc_UnicodeDecodeError (Cvar), 62
PyExc_UnicodeEncodeError (Cvar), 62
PyExc_UnicodeError (Cvar), 62
PyExc_UnicodeTranslateError (Cvar), 62
PyExc_UnicodeWarning (C var), 64
PyExc_UserWarning (C var), 64
PyExc_ValueError (Cvar), 62
PyExc_Warning (C var), 64
PyExc_WindowsError (Cvar), 63
PyExc_ZeroDivisionError (Cvar), 62
PyException_GetCause (C function), 60
PyException_GetContext (C function), 59

PyException_GetTraceback (C function), 59
PyException_SetCause (C function), 60
PyException_SetContext (C function), 59
PyException_SetTraceback (C function), 59
PyFile_FromFd (C function), 164
PyFile_GetLine (C function), 165
PyFile_SetOpenCodeHook (C function), 165
PyFile_WriteObject (C function), 165
PyFile_WriteString (C function), 165
PyFloatObject (Ctype), 126
PyFloat_AS_DOUBLE (C function), 126
PyFloat_AsDouble (C function), 126
PyFloat_Check (C function), 126
PyFloat_CheckExact (C function), 126
PyFloat_FromDouble (C function), 126
PyFloat_FromString (C function), 126
PyFloat_GetInfo (C function), 126
PyFloat_GetMax (C function), 126
PyFloat_GetMin (C function), 126
PyFloat_Pack2 (C function), 127
PyFloat_Pack4 (C function), 127
PyFloat_Pack8 (C function), 127
PyFloat_Type (Cvar), 126
PyFloat_Unpack?2 (C function), 127
PyFloat_Unpack4 (C function), 127
PyFloat_Unpack8 (C function), 128
PyFrameObject (Ctype), 179
PyFrame_Check (C function), 180
PyFrame_GetBack (C function), 180
PyFrame_GetBuiltins (C function), 180
PyFrame_GetCode (C function), 180
PyFrame_GetGenerator (C function), 180
PyFrame_GetGlobals (C function), 180
PyFrame_GetLasti (C function), 180
PyFrame_GetLineNumber (C function), 180
PyFrame_GetLocals (C function), 180
PyFrame_Type (Cvar), 179
PyFrozenSet_Check (C function), 158
PyFrozenSet_CheckExact (C function), 158
PyFrozenSet_New (C function), 159
PyFrozenSet_Type (C var), 158
PyFunctionObject (C type), 160
PyFunction_Check (C function), 160
PyFunction_GetAnnotations (C function), 161
PyFunction_GetClosure (C function), 160
PyFunction_GetCode (C function), 160
PyFunction_GetDefaults (C function), 160
PyFunction_GetGlobals (C function), 160
PyFunction_GetModule (C function), 160
PyFunction_New (C function), 160
PyFunction_NewWithQualName (C function), 160
PyFunction_SetAnnotations (C function), 161
PyFunction_SetClosure (C function), 160
PyFunction_SetDefaults (C function), 160
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PyFunction_Type (Cvar), 160
PyGC_Collect (C function), 295
PyGC_Disable (C function), 295
PyGC_Enable (C function), 295
PyGC_IsEnabled (C function), 296
PyGILState_Check (C function), 201
PyGILState_Ensure (C function), 200
PyGILState_GetThisThreadState (C function),
201
PyGILState_Release (C function), 200
PyGenObject (C type), 181
PyGen_Check (C function), 181
PyGen_CheckExact (C function), 181
PyGen_New (C function), 181
PyGen_NewWithQualName (C function), 181
PyGen_Type (Cvar), 181
PyGetSetDef (C type), 256
PyHash_FuncDef (C type), 87
PyHash_FuncDef.hash_bits (C member), 87
PyHash_FuncDef .name (C member), 87
PyHash_FuncDef.seed_bits (C member), 87
PyHash_GetFuncDef (C function), 87
PyImport_AddModule (C function), 72
PyImport_AddModuleObject (C function), 71
PyImport_AppendInittab (C function), 74
PyImport_ExecCodeModule (C function), 72
PyImport_ExecCodeModuleEx (C function), 72
PyImport_ExecCodeModuleObject (C function),
72
PyImport_ExecCodeModuleWithPathnames (C
Sfunction), 72
PyImport_ExtendInittab (C function), 74
PyImport_FrozenModules (Cvar), 74
PyImport_GetImporter (C function), 73
PyImport_GetMagicNumber (C function), 73
PyImport_GetMagicTag (C function), 73
PyImport_GetModule (C function), 73
PyImport_GetModuleDict (C function), 73
PyImport_Import (C function), 71
PyImport_ImportFrozenModule (C function), 73
PyImport_ImportFrozenModuleObject (c
function), 73
PyImport_ImportModule (C function), 71
PyImport_ImportModuleEx (C function), 71
PyImport_ImportModuleLevel (C function), 71
PyImport_ImportModuleLevelObject (c
function), 71
PyImport_ImportModuleNoBlock (C function),
71
PyImport_ReloadModule (C function), 71
PyIndex_Check (C function), 104
PyInstanceMethod_Check (C function), 161
PyInstanceMethod_Function (C function), 161

PyInstanceMethod_GET_FUNCTION (C function),
161
PyInstanceMethod_New (C function), 161
PyInstanceMethod_Type (Cvar), 161
PyInterpreterState (Ctype), 199
PyInterpreterState_Clear (C function), 201
PyInterpreterState_Delete (C function), 202
PyInterpreterState_Get (C function), 203
PyInterpreterState_GetDict (C function), 203
PyInterpreterState_GetID (C function), 203
PyInterpreterState_Head (C function), 208
PyInterpreterState_Main (C function), 208
PyInterpreterState_New (C function), 201
PyInterpreterState_Next (C function), 208
PyInterpreterState_ThreadHead (C function),
208
PyIter_Check (C function), 107
PyIter_Next (C function), 107
PyIter_Send (C function), 108
PyListObject (Ctype), 153
PyList_Append (C function), 154
PyList_AsTuple (C function), 155
PyList_Check (C function), 153
PyList_CheckExact (C function), 153
PyList_GET_ITEM (C function), 154
PyList_GET_SIZE (C function), 154
PyList_GetItem (C function), 9, 154
PyList_GetSlice (C function), 154
PyList_Insert (C function), 154
PyList_New (C function), 153
PyList_Reverse (C function), 155
PyList_SET_ITEM (C function), 154
PyList_SetItem (C function), 8, 154
PyList_SetSlice (C function), 154
PyList_Size (C function), 154
PyList_Sort (C function), 155
PyList_Type (Cvar), 153
PyLongObject (Ctype), 122
PyLong_AsDouble (C function), 125
PyLong_AsLong (C function), 123
PyLong_AsLongAndOverflow (C function), 123
PyLong_AsLongLong (C function), 123
PyLong_AsLongLongAndOverflow (C function),
123
PyLong_AsSize_t (C function), 124
PyLong_AsSsize_t (C function), 124
PyLong_AsUnsignedLong (C function), 124
PyLong_AsUnsignedLongLong (C function), 124
PyLong_AsUnsignedLongLongMask (C function),
124
PyLong_AsUnsignedLongMask (C function), 124
PyLong_AsVoidPtr (C function), 125
PyLong_Check (C function), 122
PyLong_CheckExact (C function), 122
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PyLong_FromDouble (C function), 122
PyLong_FromLong (C function), 122
PyLong_FromLongLong (C function), 122
PyLong_FromSize_t (C function), 122
PyLong_FromSsize_t (C function), 122
PyLong_FromString (C function), 122
PyLong_FromUnicodeObject (C function), 123
PyLong_FromUnsignedLong (C function), 122
PyLong_FromUnsignedLongLong (C function), 122
PyLong_FromVoidPtr (C function), 123
PyLong_Type (Cvar), 122
PyMODINIT_FUNC (C macro), 4
PyMappingMethods (C type), 286
PyMappingMethods.mp_ass_subscript (e
member), 286
PyMappingMethods.mp_length (C member), 286
PyMappingMethods.mp_subscript (C member),
286
PyMapping_Check (C function), 106
PyMapping_DelItem (C function), 106
PyMapping DelItemString (C function), 106
PyMapping_GetItemString (C function), 106
PyMapping_HasKey (C function), 106
PyMapping_HasKeyString (C function), 107
PyMapping_Items (C function), 107
PyMapping_Keys (C function), 107
PyMapping_Length (C function), 106
PyMapping_SetItemString (C function), 106
PyMapping_Size (C function), 106
PyMapping_Values (C function), 107
PyMarshal_ ReadLastObjectFromFile (e
function), 75
PyMarshal_ReadLongFromFile (C function), 75
PyMarshal_ReadObjectFromFile (C function),
75
PyMarshal_ReadObjectFromString (e
function), 75
PyMarshal_ReadShortFromFile (C function), 75
PyMarshal_WriteLongToFile (C function), 74
PyMarshal_WriteObjectToFile (C function), 75
PyMarshal_ WriteObjectToString (C function),
75
PyMemAllocatorDomain (C type), 242
PyMemAllocatorEx (C type), 242
PyMem_Calloc (C function), 240
PyMem_Del (C function), 240
PyMem_Free (C function), 240
PyMem_GetAllocator (C function), 243
PyMem_Malloc (C function), 239
PyMem_New (C macro), 240
PyMem_RawCalloc (C function), 239
PyMem_RawFree (C function), 239
PyMem_RawMalloc (C function), 239
PyMem_RawRealloc (C function), 239

PyMem_Realloc (C function), 240
PyMem_Resize (C macro), 240
PyMem_SetAllocator (C function), 243
PyMem_SetupDebugHooks (C function), 243
PyMemberDef (C type), 255
PyMember_GetOne (C function), 256
PyMember_SetOne (C function), 256
PyMemoryView_Check (C function), 176
PyMemoryView_FromBuffer (C function), 176
PyMemoryView_FromMemory (C function), 176
PyMemoryView_FromObject (C function), 176
PyMemoryView_GET_BASE (C function), 176
PyMemoryView_GET_BUFFER (C function), 176
PyMemoryView_GetContiguous (C function), 176
PyMethodDef (C type), 253
PyMethodDef .ml_doc (C member), 253
PyMethodDef .ml_flags (C member), 253
PyMethodDef .ml_meth (C member), 253
PyMethodDef .ml_name (C member), 253
PyMethod_Check (C function), 161
PyMethod_Function (C function), 161
PyMethod_GET_FUNCTION (C function), 162
PyMethod_GET_SELF (C function), 162
PyMethod_New (C function), 161
PyMethod_Self (C function), 162
PyMethod_Type (Cvar), 161
PyModuleDef (C type), 167
PyModuleDef_Init (C function), 169
PyModuleDef_Slot (Ctype), 169
PyModuleDef_Slot.slot (C member), 169
PyModuleDef_Slot.value (C member), 169
PyModuleDef .m_base (C member), 167
PyModuleDef.m_clear (C member), 167
PyModuleDef .m_doc (C member), 167
PyModuleDef .m_free (C member), 168
PyModuleDef .m_methods (C member), 167
PyModuleDef .m_name (C member), 167
PyModuleDef .m_size (C member), 167
PyModuleDef.m_slots (C member), 167
PyModuleDef.m_slots.m_reload (C member),
167
PyModuleDef.m_traverse (C member), 167
PyModule_AddFunctions (C function), 170
PyModule_AddIntConstant (C function), 172
PyModule_AddIntMacro (C macro), 172
PyModule_AddObiject (C function), 171
PyModule_AddObjectRef (C function), 171
PyModule_ AddStringConstant (C function), 172
PyModule_AddStringMacro (C macro), 172
PyModule_AddType (C function), 172
PyModule_Check (C function), 165
PyModule_CheckExact (C function), 165
PyModule_Create (C function), 168
PyModule_Create?2 (C function), 168
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PyModule_ExecDef (C function), 170
PyModule_FromDefAndSpec (C function), 170
PyModule_FromDefAndSpec?2 (C function), 170
PyModule_GetDef (C function), 166
PyModule_GetDict (C function), 166
PyModule_GetFilename (C function), 166
PyModule_GetFilenameObject (C function), 166
PyModule_GetName (C function), 166
PyModule_GetNameObject (C function), 166
PyModule_GetState (C function), 166
PyModule_New (C function), 166
PyModule_NewObject (C function), 165
PyModule_SetDocString (C function), 170
PyModule_Type (Cvar), 165

PyNumberMethods (C type), 283
PyNumberMethods.nb_absolute (Cmember), 285

PyNumberMethods
PyNumberMethods
PyNumberMethods

.nb_add (C member), 284
.nb_and (C member), 285
.nb_bool (C member), 285

PyNumberMethods .nb_divmod (C member), 284
PyNumberMethods.nb_float (C member), 285
PyNumberMethods.nb_floor_divide
member), 285
PyNumberMethods.nb_index (C member), 285
PyNumberMethods.nb_inplace_add (Cmember),
285
PyNumberMethods.nb_inplace_and (Cmember),
285
PyNumberMethods.nb_inplace_floor_divide
(C member), 285
PyNumberMethods.nb_inplace_lshift
member), 285

(«©

(C

PyNumberMethods.nb_matrix_multiply c
member), 285
PyNumberMethods.nb_multiply (C member), 284
PyNumberMethods.nb_negative (C member), 285
PyNumberMethods.nb_or (C member), 285
PyNumberMethods .nb_positive (Cmember), 285
PyNumberMethods .nb_power (C member), 284
PyNumberMethods.nb_remainder (C member),
284
PyNumberMethods.nb_reserved (C member), 285
PyNumberMethods .nb_rshift (C member), 285
PyNumberMethods.nb_subtract (Cmember), 284
PyNumberMethods.nb_true_divide (Cmember),
285
PyNumberMethods.nb_xor (C member), 285
PyNumber_Absolute (C function), 102
PyNumber_Add (C function), 101
PyNumber_And (C function), 102
PyNumber_AsSsize_t (C function), 104
PyNumber_Check (C function), 101
PyNumber_Divmod (C function), 101
PyNumber_Float (C function), 103
PyNumber_FloorDivide (C function), 101
PyNumber_InPlaceAdd (C function), 102
PyNumber_InPlaceAnd (C function), 103
PyNumber_ InPlaceFloorDivide (C function), 102
PyNumber_InPlacelLshift (C function), 103
PyNumber_InPlaceMatrixMultiply
function), 102
PyNumber_InPlaceMultiply (C function), 102
PyNumber_InPlaceOr (C function), 103
PyNumber_InPlacePower (C function), 103

(C

PyNumberMethods.nb_inplace_matrix_multipRyNumber_InPlaceRemainder (C function), 103

(C member), 285
PyNumberMethods.nb_inplace_multiply (C
member), 285
PyNumberMethods.nb_inplace_or (C member),
285
PyNumberMethods.nb_inplace_power
member), 285
PyNumberMethods.nb_inplace_remainder (C
member), 285

(c

PyNumberMethods.nb_inplace_rshift c
member), 285
PyNumberMethods.nb_inplace_subtract (C

member), 285
PyNumberMethods.nb_inplace_true_divide
(C member), 285
PyNumberMethods.nb_inplace_xor (Cmember),
285
PyNumberMethods.nb_int (C member), 285
PyNumberMethods.nb_invert (C member), 285
PyNumberMethods.nb_1shift (C member), 285

PyNumber_InPlaceRshift (C function), 103
PyNumber_InPlaceSubtract (C function), 102
PyNumber_InPlaceTrueDivide (C function), 103
PyNumber_InPlaceXor (C function), 103
PyNumber_Index (C function), 103
PyNumber_Invert (C function), 102
PyNumber_Long (C function), 103
PyNumber_Lshift (C function), 102
PyNumber MatrixMultiply (C function), 101
PyNumber_Multiply (C function), 101
PyNumber_Negative (C function), 101
PyNumber_Or (C function), 102
PyNumber_Positive (C function), 102
PyNumber_Power (C function), 101
PyNumber_Remainder (C function), 101
PyNumber_Rshift (C function), 102
PyNumber_Subtract (C function), 101
PyNumber_ToBase (C function), 104
PyNumber_TrueDivide (C function), 101
PyNumber_Xor (C function), 102
PyOS_AfterFork (C function), 66

Eupetnplo

349



The Python/C API, Anpooicuon 3.11.13

PyOS_AfterFork_Child (C function), 66
PyOS_AfterFork_Parent (C function), 65
PyOS_BeforeFork (C function), 65
PyOS_CheckStack (C function), 66
PyOS_FSPath (C function), 65
PyOS_InputHook (C var), 44
PyOS_ReadlineFunctionPointer (C var), 45
PyOS_double_to_string (C function), 86
PyOS_getsig (C function), 66
PyOS_setsig (C function), 66
PyOS_sighandler_t (Ctype), 66
PyOS_snprintf (C function), 85
PyOS_stricmp (C function), 86
PyOS_string_to_double (C function), 85
PyOS_strnicmp (C function), 86
PyOS_strtol (C function), 85
PyOS_strtoul (C function), 85
PyOS_vsnprintf (C function), 85
PyObject (C type), 250
PyObjectArenaAllocator (C type), 245
PyObject_ASCII (C function), 93
PyObject_AsCharBuffer (C function), 116
PyObject_AsFileDescriptor (C function), 164
PyObject_AsReadBuffer (C function), 116
PyObject_AsWriteBuffer (C function), 116
PyObject_Bytes (C function), 94
PyObject_Call (C function), 98
PyObject_CallFunction (C function), 99
PyObject_CallFunctionObjArgs (C function),
99
PyObject_CallMethod (C function), 99
PyObject_CallMethodNoArgs (C function), 99
PyObject_CallMethodObjArgs (C function), 99
PyObject_CallMethodOneArqg (C function), 100
PyObject_CallNoArgs (C function), 98
PyObject_CallObject (C function), 99
PyObject_CallOneArqg (C function), 99
PyObject_Calloc (C function), 241
PyObject_CheckBuffer (C function), 114
PyObject_CheckReadBuffer (C function), 116
PyObject_ClearWeakRefs (C function), 177
PyObject_CopyData (C function), 115
PyObject_Del (C function), 250
PyObject_DelAttr (C function), 92
PyObject_DelAttrString (C function), 92
PyObject_DelItemn (C function), 95
PyObject_Dir (C function), 95
PyObject_Format (C function), 93
PyObject_Free (C function), 241
PyObject_GC_Del (C function), 294
PyObject_GC_IsFinalized (C function), 294
PyObject_GC_IsTracked (C function), 294
PyObject_GC_New (C macro), 294
PyObject_GC_NewVar (C macro), 294

PyObject_GC_Resize (Cmacro), 294
PyObject_GC_Track (C function), 294
PyObject_GC_UnTrack (C function), 294
PyObject_GenericGetAttr (C function), 92
PyObject_GenericGetDict (C function), 93
PyObject_GenericSetAttr (C function), 92
PyObject_GenericSetDict (C function), 93
PyObject_GetAIter (C function), 95
PyObject_GetArenaAllocator (C function), 246
PyObject_GetAttr (C function), 92
PyObject_GetAttrString (C function), 92
PyObject_GetBuffer (C function), 114
PyObject_GetItem (C function), 95
PyObject_GetIter (C function), 95
PyObject_HEAD (C macro), 250
PyObject_HEAD_INIT (C macro), 252
PyObject_HasAttr (C function), 91
PyObject_HasAttrString (C function), 92
PyObject_Hash (C function), 94
PyObject_HashNotImplemented (C function), 94
PyObject_IS_GC (C function), 294
PyObject_Init (C function), 249
PyObject_InitVar (C function), 249
PyObject_IsInstance (C function), 94
PyObject_IsSubclass (C function), 94
PyObject_IsTrue (C function), 94
PyObject_Length (C function), 95
PyObject_LengthHint (C function), 95
PyObject_Malloc (C function), 241
PyObject_New (C macro), 249
PyObject_NewVar (C macro), 249
PyObject_Not (C function), 95
PyObject_Print (C function), 91
PyObject_Realloc (C function), 241
PyObject_Repr (C function), 93
PyObject_RichCompare (C function), 93
PyObject_RichCompareBool (C function), 93
PyObject_SetArenalAllocator (C function), 246
PyObject_SetAttr (C function), 92
PyObject_SetAttrString (C function), 92
PyObject_SetItem (C function), 95
PyObject_Size (C function), 95
PyObject_Str (C function), 94
PyObject_Type (C function), 95
PyObject_TypeCheck (C function), 95
PyObject_VAR_HEAD (C macro), 250
PyObject_Vectorcall (C function), 100
PyObject_VectorcallDict (C function), 100
PyObject_VectorcallMethod (C function), 100
PyObject._ob_next (C member), 264
PyObject._ob_prev (C member), 264
PyObject.ob_refcnt (C member), 263
PyObject.ob_type (C member), 263
PyPreConfig (Ctype), 216
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PyPreConfig_InitIsolatedConfig c
function), 216
PyPreConfig_InitPythonConfig (C function),
216
PyPreConfig.allocator (C member), 216
PyPreConfig.coerce_c_locale (Cmember), 217
PyPreConfig.coerce_c_locale_warn (e
member), 217
PyPreConfig.configure_locale (C member),
216
PyPreConfig.dev_mode (C member), 217
PyPreConfig.isolated (C member), 217
PyPreConfig.legacy_windows_fs_encoding
(C member), 217
PyPreConfig.parse_argv (C member), 217
PyPreConfig.use_environment (Cmember),217
PyPreConfig.utf8_mode (C member), 217
PyProperty_Type (Cvar), 174
PyRun_AnyFile (C function), 43
PyRun_AnyFileEx (C function), 43
PyRun_AnyFileExFlags (C function), 44
PyRun_AnyFileFlags (C function), 43
PyRun_File (C function), 45
PyRun_FileEx (C function), 45
PyRun_FileExFlags (C function), 45
PyRun_FileFlags (C function), 45
PyRun_InteractiveLoop (C function), 44
PyRun_InteractiveLoopFlags (C function), 44
PyRun_InteractiveOne (C function), 44
PyRun_InteractiveOneFlags (C function), 44
PyRun_SimpleFile (C function), 44
PyRun_SimpleFileEx (C function), 44
PyRun_SimpleFileExFlags (C function), 44
PyRun_SimpleString (C function), 44
PyRun_SimpleStringFlags (C function), 44
PyRun_String (C function), 45
PyRun_StringFlags (C function), 45
PySendResult (C type), 108
PySeqglter_Check (C function), 173
PySeqglter_New (C function), 173
PySeqglter_Type (Cvar), 173
PySequenceMethods (C type), 286
PySequenceMethods.sq ass_item (C member),
286
PySequenceMethods.
PySequenceMethods.
286
PySequenceMethods.
member), 287
PySequenceMethods.
member), 287
PySequenceMethods.sq_item (C member), 286
PySequenceMethods.sq_length (C member), 286
PySequenceMethods.sq repeat (Cmember), 286

sq_concat (C member), 286
sq_contains (C member),

sq_inplace_concat (C

sq_inplace_repeat (C

PySequence_Check (C function), 104
PySequence_Concat (C function), 104
PySequence_Contains (C function), 105
PySequence_Count (C function), 105
PySequence_DelItem (C function), 105
PySequence_DelSlice (C function), 105
PySequence_Fast (C function), 105
PySequence_Fast_GET_ITEM (C function), 106
PySequence_Fast_GET_SIZE (C function), 106
PySequence_Fast_ITEMS (C function), 106
PySequence_GetItem (C function), 9, 105
PySequence_GetSlice (C function), 105
PySequence_ITEM (C function), 106
PySequence_InPlaceConcat (C function), 104
PySequence_InPlaceRepeat (C function), 104
PySequence_Index (C function), 105
PySequence_Length (C function), 104
PySequence_List (C function), 105
PySequence_Repeat (C function), 104
PySequence_SetItem (C function), 105
PySequence_SetSlice (C function), 105
PySequence_Size (C function), 104
PySequence_Tuple (C function), 105
PySetObject (Ctype), 158

PySet_Add (C function), 159

PySet_Check (C function), 158
PySet_CheckExact (C function), 158
PySet_Clear (C function), 159
PySet_Contains (C function), 159
PySet_Discard (C function), 159
PySet_GET_SIZE (C function), 159
PySet_New (C function), 159

PySet_Pop (C function), 159

PySet_Size (C function), 159

PySet_Type (Cvar), 158
PySignal_SetWakeupFd (C function), 59
PySlice_AdjustIndices (C function), 175
PySlice_Check (C function), 174
PySlice_GetIndices (C function), 174
PySlice_GetIndicesEx (C function), 175
PySlice_New (C function), 174
PySlice_Type (Cvar), 174
PySlice_Unpack (C function), 175
PyState_AddModule (C function), 173
PyState_FindModule (C function), 173
PyState_RemoveModule (C function), 173
PyStatus (C type), 215

PyStatus_Error (C function), 215
PyStatus_Exception (C function), 215
PyStatus_Exit (C function), 215
PyStatus_IsError (C function), 215
PyStatus_IsExit (C function), 215
PyStatus_NoMemory (C function), 215
PyStatus_0k (C function), 215

Eupetnplo

351



The Python/C API, Anpooicuon 3.11.13

PyStatus.err_msg (C member), 215
PyStatus.exitcode (C member), 215
PyStatus. func (C member), 215
PyStructSequence_Desc (Ctype), 152
PyStructSequence_Desc.doc (C member), 152
PyStructSequence_Desc.fields (C member),
152
PyStructSequence_Desc.n_in_sequence (C
member), 152
PyStructSequence_Desc.name (C member), 152
PyStructSequence_Field (Ctype), 152
PyStructSequence_Field.doc (C member), 153
PyStructSequence_Field.name (C member), 152
PyStructSequence_GET_ITEM (C function), 153
PyStructSequence_GetItem (C function), 153
PyStructSequence_InitType (C function), 152
PyStructSequence_InitType?2 (C function), 152
PyStructSequence_New (C function), 153
PyStructSequence_NewType (C function), 152
PyStructSequence_SET_ITEM (C function), 153
PyStructSequence_SetItem (C function), 153
PyStructSequence_UnnamedField (Cvar), 153
PySys_AddAuditHook (C function), 69
PySys_AddWarnOption (C function), 68
PySys_AddWarnOptionUnicode (C function), 68
PySys_AddXOption (C function), 69
PySys_Audit (C function), 69
PySys_FormatStderr (C function), 69
PySys_FormatStdout (C function), 69
PySys_GetObject (C function), 68
PySys_GetXOptions (C function), 69
PySys_ResetWarnOptions (C function), 68
PySys_SetArgv (C function), 192, 196
PySys_SetArgvEx (C function), 192, 196
PySys_SetObject (C function), 68
PySys_SetPath (C function), 68
PySys_WriteStderr (C function), 69
PySys_WriteStdout (C function), 68
PyTZInfo_Check (C function), 184
PyTZInfo_CheckExact (C function), 184
PyThreadState (Ctype), 197, 199
PyThreadState_Clear (C function), 202
PyThreadState_Delete (C function), 202
PyThreadState_DeleteCurrent (C function), 202
PyThreadState_EnterTracing (C function), 202
PyThreadState_Get (C function), 200
PyThreadState_GetDict (C function), 203
PyThreadState_GetFrame (C function), 202
PyThreadState_GetID (C function), 202
PyThreadState_GetInterpreter (C function),
202
PyThreadState_LeaveTracing (C function), 202
PyThreadState_New (C function), 202
PyThreadState_Next (C function), 208

PyThreadState_SetAsyncExc (C function), 204
PyThreadState_Swap (C function), 200
PyThreadState.interp (C member), 199
PyThread_ReInitTLS (C function), 210
PyThread_create_key (C function), 210
PyThread_delete_key (C function), 210
PyThread_delete_key_value (C function), 210
PyThread_get_key_value (C function), 210
PyThread_set_key_value (C function), 210
PyThread_tss_alloc (C function), 209
PyThread_tss_create (C function), 210
PyThread_tss_delete (C function), 210
PyThread_tss_free (C function), 209
PyThread_tss_get (C function), 210
PyThread_tss_is_created (C function), 210
PyThread_tss_set (C function), 210
PyTimeZone_FromOffset (C function), 185
PyTimeZone_FromOffsetAndName (C function),
185
PyTime_Check (C function), 184
PyTime_CheckExact (C function), 184
PyTime_FromTime (C function), 185
PyTime_FromTimeAndFold (C function), 185
PyTraceMalloc_Track (C function), 246
PyTraceMalloc_Untrack (C function), 246
PyTrace_CALL (Cvar), 207
PyTrace_C_CALL (C var), 207
PyTrace_C_EXCEPTION (C var), 208
PyTrace_C_RETURN (C var), 208
PyTrace_EXCEPTION (C var), 207
PyTrace_LINE (Cvar), 207
PyTrace_OPCODE (C var), 208
PyTrace_RETURN (C var), 207
PyTupleObject (Ctype), 151
PyTuple_Check (C function), 151
PyTuple_CheckExact (C function), 151
PyTuple_GET_ITEM (C function), 151
PyTuple_GET_SIZE (C function), 151
PyTuple_GetItem (C function), 151
PyTuple_GetSlice (C function), 151
PyTuple_New (C function), 151
PyTuple_Pack (C function), 151
PyTuple_SET_ITEM (C function), 151
PyTuple_SetItem (C function), 8, 151
PyTuple_Size (C function), 151
PyTuple_Type (Cvar), 151
PyTypeObject (Ctype), 117
PyTypeObject.tp_alloc (C member), 279
PyTypeObject.tp_as_async (C member), 267
PyTypeObject.tp_as_buffer (C member), 269
PyTypeObject.tp_as_mapping (C member), 268
PyTypeObject.tp_as_number (C member), 267
PyTypeObject.tp_as_sequence (C member), 267
PyTypeObject.tp_base (C member), 277
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PyTypeObject.tp_bases (C member), 281
PyTypeObject.tp_basicsize (C member), 265
PyTypeObject.tp_cache (C member), 281
PyTypeObject.tp_call (C member), 268
PyTypeObject.tp_clear (C member), 274
PyTypeObject.tp_dealloc (C member), 265
PyTypeObject.tp_del (C member), 282
PyTypeObject.tp_descr_get (C member), 278
PyTypeObject.tp_descr_set (C member), 278
PyTypeObject.tp_dict (Cmember), 278
PyTypeObject.tp_dictoffset (C member), 278
PyTypeObject.tp_doc (C member), 273
PyTypeObject.tp_finalize (C member), 282
PyTypeObject.tp_flags (C member), 269
PyTypeObject.tp_~free (C member), 280
PyTypeObject.tp_getattr (Cmember), 266
PyTypeObject.tp_getattro (C member), 269
PyTypeObject.tp_getset (C member), 277
PyTypeObject.tp_hash (C member), 268
PyTypeObject.tp_init (C member), 279
PyTypeObject.tp_1is_gc (C member), 281
PyTypeObject.tp_itemsize (C member), 265
PyTypeObject.tp_iter (C member), 276
PyTypeObject.tp_iternext (C member), 276
PyTypeObject.tp_members (C member), 277
PyTypeObject.tp_methods (C member), 277
PyTypeObject.tp_mro (C member), 281
PyTypeObject.tp_name (C member), 264
PyTypeObject.tp_new (C member), 280
PyTypeObject.tp_repr (C member), 267
PyTypeObject.tp_richcompare (Cmember),275
PyTypeObject.tp_setattr (C member), 267
PyTypeObject.tp_setattro (C member), 269
PyTypeObject.tp_str (C member), 268
PyTypeObject.tp_subclasses (C member), 281
PyTypeObject.tp_traverse (C member), 273
PyTypeObject.tp_vectorcall (C member), 283
PyTypeObject.tp_vectorcall_offset c
member), 266
PyTypeObject.tp_version_tag (Cmember), 282
PyTypeObject.tp_weaklist (C member), 281
PyTypeObject.tp_weaklistoffset (Cmember),
276
PyType_Check (C function), 117
PyType_CheckExact (C function), 117
PyType_ClearCache (C function), 118
PyType_FromModuleAndSpec (C function), 120
PyType_FromSpec (C function), 120
PyType_FromSpecWithBases (C function), 120
PyType_GenericAlloc (C function), 118
PyType_GenericNew (C function), 118
PyType_GetFlags (C function), 118
PyType_GetModule (C function), 119
PyType_GetModuleByDef (C function), 119

PyType_GetModuleState (C function), 119
PyType_GetName (C function), 118
PyType_GetQualName (C function), 118
PyType_GetSlot (C function), 119
PyType_HasFeature (C function), 118
PyType_IS_GC (C function), 118
PyType_IsSubtype (C function), 118
PyType_Modified (C function), 118
PyType_Ready (C function), 118
PyType_Slot (Ctype), 120
PyType_Slot.PyType_Slot.pfunc (C member),
121
PyType_Slot.PyType_Slot.slot (C member),
120
PyType_Spec (C type), 120
PyType_Spec.PyType_Spec.basicsize (e
member), 120
PyType_Spec.PyType_Spec.flags (C member),
120
PyType_Spec.PyType_Spec.itemsize (c
member), 120
PyType_Spec.PyType_Spec.name (C member),
120
PyType_Spec.PyType_Spec.slots (C member),
120
PyType_Type (Cvar), 117
PyUnicodeDecodeError_Create (C function), 60
PyUnicodeDecodeError_GetEncoding c
function), 60
PyUnicodeDecodeError_GetEnd (C function), 60

PyUnicodeDecodeError_GetObject (c
Jfunction), 60
PyUnicodeDecodeError_GetReason c

function), 61
PyUnicodeDecodeError_GetStart (C function),

60
PyUnicodeDecodeError_SetEnd (C function), 60
PyUnicodeDecodeError_SetReason c

function), 61
PyUnicodeDecodeError_SetStart (C function),

60
PyUnicodeEncodeError_GetEncoding (o

function), 60
PyUnicodeEncodeError_GetEnd (C function), 60

PyUnicodeEncodeError_GetObject (e
function), 60
PyUnicodeEncodeError_GetReason (o

function), 61
PyUnicodeEncodeError_GetStart (C function),

60
PyUnicodeEncodeError_SetEnd (C function), 60
PyUnicodeEncodeError_SetReason (c

function), 61
PyUnicodeEncodeError_SetStart (C function),
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60
PyUnicodeObject (Ctype), 133
PyUnicodeTranslateError_GetEnd (e
function), 60
PyUnicodeTranslateError_ GetObject (e
function), 60
PyUnicodeTranslateError_GetReason (e
function), 61
PyUnicodeTranslateError_GetStart (e
function), 60
PyUnicodeTranslateError_SetEnd c
function), 60
PyUnicodeTranslateError_SetReason (e
function), 61
PyUnicodeTranslateError_SetStart (e

function), 60
PyUnicode_1BYTE_DATA (C function), 134
PyUnicode_1BYTE_KIND (C macro), 134
PyUnicode_2BYTE_DATA (C function), 134
PyUnicode_2BYTE_KIND (C macro), 134
PyUnicode_4BYTE_DATA (C function), 134
PyUnicode_4BYTE_KIND (C macro), 134
PyUnicode_AS_DATA (C function), 135
PyUnicode_AS_UNICODE (C function), 135
PyUnicode_AsASCIIString (C function), 147
PyUnicode_AsCharmapString (C function), 148
PyUnicode_AsEncodedString (C function), 144
PyUnicode_AsLatinlString (C function), 147
PyUnicode_AsMBCSString (C function), 149
PyUnicode_AsRawUnicodeEscapeString (C
Sfunction), 147
PyUnicode_AsUCS4 (C function), 140
PyUnicode_AsUCS4Copy (C function), 140
PyUnicode_AsUTF8 (C function), 145
PyUnicode_AsUTF8AndSize (C function), 144
PyUnicode_AsUTF8String (C function), 144
PyUnicode_AsUTF16String (C function), 146
PyUnicode_AsUTF32String (C function), 145
PyUnicode_AsUnicode (C function), 140
PyUnicode_AsUnicodeAndSize (C function), 140
PyUnicode_AsUnicodeEscapeString (c
function), 147
PyUnicode_AsWideChar (C function), 143
PyUnicode_AsWideCharString (C function), 143
PyUnicode_Check (C function), 134
PyUnicode_CheckExact (C function), 134
PyUnicode_Compare (C function), 150
PyUnicode_CompareWithASCIIString (e
function), 150
PyUnicode_Concat (C function), 149
PyUnicode_Contains (C function), 150
PyUnicode_CopyCharacters (C function), 139
PyUnicode_Count (C function), 150
PyUnicode_DATA (C function), 134

PyUnicode_Decode (C function), 144
PyUnicode_DecodeASCII (C function), 147
PyUnicode_DecodeCharmap (C function), 148
PyUnicode_DecodeFSDefault (C function), 142
PyUnicode_DecodeFSDefaultAndSize c
function), 142
PyUnicode_DecodeLatinl (C function), 147
PyUnicode_DecodeLocale (C function), 141
PyUnicode_DecodeLocaleAndSize (C function),
141
PyUnicode_DecodeMBCS (C function), 148
PyUnicode_DecodeMBCSStateful (C function),
148
PyUnicode_DecodeRawUnicodeEscape (e
function), 147
PyUnicode_DecodeUTF7 (C function), 146
PyUnicode_DecodeUTF7Stateful (C function),
146
PyUnicode_DecodeUTF8 (C function), 144
PyUnicode_DecodeUTF8Stateful (C function),
144
PyUnicode_DecodeUTF16 (C function), 146
PyUnicode_DecodeUTF16Stateful (C function),
146
PyUnicode_DecodeUTF32 (C function), 145
PyUnicode_DecodeUTF32Stateful (C function),
145
PyUnicode_DecodeUnicodeEscape (C function),
147
PyUnicode_EncodeCodePage (C function), 149
PyUnicode_EncodeFSDefault (C function), 142
PyUnicode_EncodeLocale (C function), 141
PyUnicode_FSConverter (C function), 142
PyUnicode_FSDecoder (C function), 142
PyUnicode_Fill (C function), 139
PyUnicode_Find (C function), 149
PyUnicode_FindChar (C function), 149
PyUnicode_Format (C function), 150
PyUnicode_FromEncodedObject (C function), 139
PyUnicode_FromFormat (C function), 138
PyUnicode_FromFormatV (C function), 139
PyUnicode_FromKindAndData (C function), 137
PyUnicode_FromObject (C function), 139
PyUnicode_FromString (C function), 137
PyUnicode_FromStringAndSize (C function), 137
PyUnicode_FromUnicode (C function), 140
PyUnicode_FromWideChar (C function), 143
PyUnicode_GET_DATA_SIZE (C function), 135
PyUnicode_GET_LENGTH (C function), 134
PyUnicode_GET_SIZE (C function), 135
PyUnicode_GetLength (C function), 139
PyUnicode_GetSize (C function), 141
PyUnicode_InternFromString (C function), 150
PyUnicode_InternInPlace (C function), 150
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PyUnicode_TIsIdentifier (C function), 135
PyUnicode_Join (C function), 149
PyUnicode_KIND (C function), 134
PyUnicode_MAX_CHAR_VALUE (C function), 135
PyUnicode_New (C function), 137
PyUnicode_READ (C function), 135
PyUnicode_READY (C function), 134
PyUnicode_READ_CHAR (C function), 135
PyUnicode_ReadChar (C function), 139
PyUnicode_Replace (C function), 150
PyUnicode_RichCompare (C function), 150
PyUnicode_Split (C function), 149
PyUnicode_Splitlines (C function), 149
PyUnicode_Substring (C function), 140
PyUnicode_Tailmatch (C function), 149
PyUnicode_Translate (C function), 148
PyUnicode_Type (Cvar), 133
PyUnicode_WCHAR_KIND (C macro), 134
PyUnicode_WRITE (C function), 134
PyUnicode_WriteChar (C function), 139
PyVarObject (C type), 250
PyVarObject_HEAD_INIT (C macro), 252
PyVarObject .ob_size (C member), 264
PyVectorcall_Call (C function), 98
PyVectorcall_Function (C function), 97
PyVectorcall_NARGS (C function), 97
PyWeakref_Check (C function), 177
PyWeakref_CheckProxy (C function), 177
PyWeakref_CheckRef (C function), 177
PyWeakref_ GET_OBJECT (C function), 177
PyWeakref_GetObject (C function), 177
PyWeakref NewProxy (C function), 177
PyWeakref_NewRef (C function), 177
PyWideStringList (Ctype), 214
PyWideStringList_Append (C function), 214
PyWideStringList_Insert (C function), 214
PyWideStringList.items (C member), 214
PyWideStringList.length (C member), 214
PyWrapper_New (C function), 174

Py_ABS (C macro), 5

Py_ALWAYS_INLINE (C macro), 5
Py_AddPendingCall (C function), 206
Py_AtExit (C function), 70
Py_AuditHookFunction (C type), 70
Py_BEGIN_ALLOW_THREADS (C macro), 198, 201
Py_BLOCK_THREADS (C macro), 201
Py_Buildvalue (C function), 82
Py_BytesMain (C function), 43
Py_BytesWarningFlag (C var), 190
Py_CHARMASK (C macro), 5

Py_CLEAR (C function), 50
Py_CompileString (C function), 4547
Py_CompileStringExFlags (C function), 46
Py_CompileStringFlags (C function), 45

Py_CompileStringObject (C function), 46
Py_DEBRUG (C macro), 13

Py_DECREF (C function), 7, 50
Py_DEPRECATED (C macro), 5
Py_DebugFlag (Cvar), 190

Py_DecRef (C function), 50
Py_DecodeLocale (C function), 66
Py_DontWriteBytecodeFlag (Cvar), 190
Py_END_ALLOW_THREADS (C macro), 198, 201
Py_EQ (C macro), 275

Py_Ellipsis (Cvar), 176
Py_EncodeLocale (C function), 67
Py_EndInterpreter (C function), 205
Py_EnterRecursiveCall (C function), 61
Py_Exit (C function), 70
Py_ExitStatusException (C function), 215
Py_False (Cvar), 125

Py_FatalError (C function), 70
Py_FatalError (), 196
Py_FdIsInteractive (C function), 65
Py_Finalize (C function), 193
Py_FinalizeEx (C function), 70, 192, 205
Py_FrozenFlag (Cvar), 190

Py_GE (C macro), 275

Py_GETENV (C macro), 5

Py_GT (C macro), 275

Py_GenericAlias (C function), 187
Py_GenericAliasType (Cvar), 187
Py_GetArgcArgv (C function), 233
Py_GetBuildInfo (C function), 196
Py_GetCompiler (C function), 195
Py_GetCopyright (C function), 195
Py_GetExecPrefix (C function), 13, 194
Py_GetPath (C function), 13, 194
Py_GetPath (), 193, 195
Py_GetPlatform (C function), 195
Py_GetPrefix (C function), 13, 194
Py_GetProgramFullPath (C function), 13, 194
Py_GetProgramName (C function), 193
Py_GetPythonHome (C function), 197
Py_GetVersion (C function), 195
Py_HashRandomizationFlag (Cvar), 191
Py_INCREF (C function), 7, 49

Py_IS_TYPE (C function), 251
Py_IgnoreEnvironmentFlag (Cvar), 191
Py_IncRef (C function), 50
Py_Initialize (C function), 12, 192,205
Py_Initialize(), 193
Py_InitializeEx (C function), 192
Py_InitializeFromConfig (C function), 229
Py_InspectFlag (Cvar), 191
Py_InteractiveFlag (Cvar), 191

Py_TIs (C function), 250

Py_TIsFalse (C function), 251
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Py_TIsInitialized (C function), 13, 192

Py_IsNone (C function), 251

Py_TIsTrue (C function), 251

Py_IsolatedFlag (Cvar), 191

Py_LE (C macro), 275

Py_LIMITED_APTI (C macro), 15

Py_LT (C macro), 275

Py_LeaveRecursiveCall (C function), 61

Py_LegacyWindowsFSEncodingFlag (Cvar), 191

Py_LegacyWindowsStdioFlag (C var), 191

Py_MAX (C macro), 5

Py_MEMBER_SIZE (C macro), 5

Py_MIN (C macro), 6

Py_Main (C function), 43

Py_NE (C macro), 275

Py_NO_INLINE (C macro), 6

Py_NewInterpreter (C function), 205

Py_NewRef (C function), 49

Py_NoSiteFlag (Cvar), 191

Py_NoUserSiteDirectory (Cvar), 191

Py_None (Cvar), 121

Py_NotImplemented (C var), 91

Py_OpenCodeHookFunction (C type), 165

Py_OptimizeFlag (Cvar), 191

Py_PRINT_RAW (C macro), 91, 165

Py_PrelInitialize (C function), 218

Py_PreInitializeFromArgs (C function), 218

Py_PreInitializeFromBytesArgs (C function),
218

Py_QuietFlag (Cvar), 192

Py_REFCNT (C function), 251

Py_RETURN_FALSE (C macro), 125

Py_RETURN_NONE (C macro), 121

Py_RETURN_NOTIMPLEMENTED (C macro), 91

Py_RETURN_RICHCOMPARE (C macro), 275

Py_RETURN_TRUE (C macro), 125

Py_ReprEnter (C function), 61

Py_ReprLeave (C function), 62

Py_RunMain (C function), 233

Py_SET_REFCNT (C function), 251

Py_SET_SIZE (C function), 252

Py_SET_TYPE (C function), 251

Py_STIZE (C function), 251

Py_STRINGIFY (C macro), 6

Py_SetPath (C function), 195

Py_SetPath (), 195

Py_SetProgramName (C function), 13, 193

Py_SetProgramName (), 192, 194

Py_SetPythonHome (C function), 197

Py_SetStandardStreamEncoding (C function),
193

Py_TPFLAGS_BASETYPE (C macro), 270

Py_TPFLAGS_BASE_EXC_SUBCLASS (C macro), 271

Py_TPFLAGS_BYTES_SUBCLASS (C macro), 271

Py_TPFLAGS_DEFAULT (C macro), 271
Py_TPFLAGS_DICT_SUBCLASS (C macro), 271
Py_TPFLAGS_DISALLOW_INSTANTIATION (C
macro), 272
Py_TPFLAGS_HAVE_FINALIZE (C macro), 271
Py_TPFLAGS_HAVE_GC (C macro), 270
Py_TPFLAGS_HAVE_VECTORCALL (C macro), 272
Py_TPFLAGS_HEAPTYPE (C macro), 270
Py_TPFLAGS_IMMUTABLETYPE (C macro), 272
Py_TPFLAGS_LIST_SUBCLASS (C macro), 271
Py_TPFLAGS_LONG_SUBCLASS (C macro), 271
Py_TPFLAGS_MAPPING (C macro), 272
Py_TPFLAGS_METHOD_DESCRIPTOR (C macro), 271
Py_TPFLAGS_READY (C macro), 270
Py_TPFLAGS_READYING (C macro), 270
Py_TPFLAGS_SEQUENCE (C macro), 273
Py_TPFLAGS_TUPLE_SUBCLASS (C macro), 271
Py_TPFLAGS_TYPE_SUBCLASS (C macro), 271
Py_TPFLAGS_UNICODE_SUBCLASS (C macro), 271
Py_TYPE (C function), 251
Py_True (Cvar), 125
Py_UCS1 (Ctype), 133
Py_UCS2 (C type), 133
Py_UCS4 (C type), 133
Py_UNBLOCK_THREADS (C macro), 201
Py_UNICODE (C type), 133
Py_UNICODE_TISALNUM (C function), 136
Py_UNICODE_TISALPHA (C function), 136
Py_UNICODE_ISDECIMAL (C function), 136
Py_UNICODE_ISDIGIT (C function), 136
Py_UNICODE_ISLINEBRERAK (C function), 136
Py_UNICODE_ISLOWER (C function), 136
Py_UNICODE_TISNUMERIC (C function), 136
Py_UNICODE_ISPRINTABLE (C function), 136
Py_UNICODE_ISSPACE (C function), 136
Py_UNICODE_ISTITLE (C function), 136
Py_UNICODE_ISUPPER (C function), 136
Py_UNICODE_IS_HIGH_SURROGATE (C macro), 137
Py_UNICODE_TIS_LOW_SURROGATE (C macro), 137
Py_UNICODE_IS_SURROGATE (C macro), 137
Py_UNICODE_JOIN_SURROGATES (C macro), 137
Py_UNICODE_TODECIMAL (C function), 136
Py_UNICODE_TODIGIT (C function), 137
Py_UNICODE_TOLOWER (C function), 136
Py_UNICODE_TONUMERIC (C function), 137
Py_UNICODE_TOTITLE (C function), 136
Py_UNICODE_TOUPPER (C function), 136
Py_UNREACHABLE (C macro), 6
Py_UNUSED (C macro), 6
Py_UnbufferedStdioFlag (Cvar), 192
Py_VISIT (C function), 295
Py_VaBuildvValue (C function), 84
Py_VerboseFlag (Cvar), 192
Py_Version (Cvar), 298
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Py_XDECREF (C function), 12, 50
Py_XINCREF (C function), 49
Py_XNewRef (C function), 50
Py_buffer (Ctype), 109
Py_buffer.buf (C member), 109
Py_buffer.format (C member), 110
Py_buffer.internal (C member), 110
Py_buffer.itemsize (C member), 109
Py_buffer.len (Cmember), 109
Py_buffer.ndim (C member), 110
Py_buffer.ob]j (C member), 109
Py_buffer.readonly (C member), 109
Py_buffer.shape (C member), 110
Py_buffer.strides (C member), 110
Py_buffer.suboffsets (C member), 110
Py_complex (Ctype), 128
Py_eval_input (Cvar), 46
Py_file_input (Cvar), 46
Py_hash_t (Ctype), 87
Py_mod_create (C macro), 169
Py_mod_exec (C macro), 169
Py_single_input (C var), 46
Py_ssize_t (Ctype), 10
Py_tracefunc (Ctype), 207
Py_tss_NEEDS_INIT (C macro), 209
Py_tss_t (Ctype), 209
Py_uhash_t (Ctype), 87
Python 3000, 313
Python Enhancement Proposals

PEP 1,312

PEP 7,3,6,7

PEP 238,47,305

PEP 278,316

PEP 302, 305, 309

PEP 343,302

PEP 353,10

PEP 362,300,312

PEP 383, 141, 142

PEP 387,15

PEP 393,133,140

PEP 411,313

PEP 420,305,311, 313

PEP 432,233,234

PEP 442,283

PEP 443,306

PEP 451, 169, 305

PEP 456,87

PEP 483,306

PEP 484,300, 305, 306, 316

PEP 489,170

PEP 492,300, 301, 303

PEP 498,304

PEP 519,312

PEP 523,203

PEP 525,300

PEP 526,300,316

PEP 528, 191,225

PEP 529, 142,191

PEP 538,231

PEP 539,209

PEP 540, 231

PEP 552,222

PEP 578,70

PEP 585, 306

PEP 587,213

PEP 590,96

PEP 623,133

PEP 634,273

PEP 3116,316

PEP 3119,9%

PEP 3121, 167

PEP 3147,73

PEP 3151,63

PEP 3155,313
Pythonic, 313
SIGINT (C macro), 58
SIZE_MAX (C macro), 124
SystemError (built-in exception), 166
ULONG_MAX (C macro), 124
USE_STACKCHECK (C macro), 66
Zen tnc Python, 316
_PyBytes_Resize (C function), 131
_PyCFunctionFast (C type), 252
_PyCFunctionFastWithKeywords (C type), 252
_PyFrameEvalFunction (C type), 203
_PyInterpreterState_GetEvalFrameFunc (C

function), 203
_PyInterpreterState_SetEvalFrameFunc (C
function), 203

_PyObject_GetDictPtr (C function), 93
_PyObject_New (C function), 249
_PyObject_NewVar (C function), 249
_PyTuple_Resize (C function), 152
_Py_InitializeMain (C function), 234
_Py_NoneStruct (C var), 250
_Py_c_diff (C function), 128
_Py_c_neqg (C function), 128
_Py_c_pow (C function), 128
_Py_c_prod (C function), 128
_Py_c_quot (C function), 128
_Py_c_sum (C function), 128
_ _PYVENV_LAUNCHER_ , 221,226
__all__ (package variable), 71
__dict__ (module attribute), 166
__doc___ (module attribute), 166
_ file_  (module attribute), 166
_ future_ , 305
__import_
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built—-in function, 71
__loader__ (module attribute), 166
_ _main_

module, 12, 192, 205
__name___ (module attribute), 166
__package__ (module attribute), 166
__slots_ ,314
_frozen (C struct), 73
_inittab (C struct), 74
_inittab.initfunc (C member), 74
_inittab.name (C member), 74
_thread

module, 199
abort (C function), 70
abs

built-in function, 102
allocfunc (C type), 289
annotation, 299
annotation petafAntnig, 316
argv (in module sys), 196
ascii

built-in function, 94
awaitable, 301
binaryfunc (C type), 290
buffer interface

(see buffer protocol), 108
buffer object

(see buffer protocol), 108
buffer protocol, 108
built-in function

__import_ ,71

abs, 102

ascii, 94

bytes, 94

classmethod, 254

compile, 72

divmod, 101

float, 103

hash, 94, 268

int, 103

len, 95, 104, 106, 154, 157, 159

pow, 101, 103

repr, 93, 267

staticmethod, 254

tuple, 105, 155

type, 95
builtins

module, 12, 192, 205
bytearray

object, 132
bytecode, 302
bytes

built-in function, 94

object, 130

bytes—-like avtikeipeva, 301
callable, 302
callback, 302
calloc (C function), 237
classmethod

built-in function, 254
cleanup functions, 70
close (in module os), 205
code object, 162
compile

built-in function, 72
complex number

object, 128
context petafAintn, 302
contiguous, 112, 302
copyright (in module sys), 195
coroutine, 303
coroutine ouvdptnon, 303
decorator, 303
descrgetfunc (Ctype), 290
descriptor, 303
descrset func (Ctype), 290
destructor (C type), 289
dictionary

object, 155
divmod

built-in function, 101
docstring, 304
duck-typing, 304
exc_info (in module sys), 11
executable (in module sys), 194
exit (C function), 70
f-string, 304
file

object, 164
finder, 305
float

built-in function, 103
floating point

object, 126
free (C function), 237
freefunc (Ctype), 289
freeze utility, 73
frozenset

object, 158
function

object, 160
generator, 306
generator iterator, 306
generator éxyppaocn, 306
getattrfunc (C type), 289
getattrofunc (Ctype), 289
getbufferproc (Ctype), 290
getiterfunc (C type), 290
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global interpreter lock, 197,306
hash

built—-in function, 94, 268
hash-based pyc, 307
hashable, 307
hashfunc (Ctype), 290
immutable, 307
incr_item(), 11,12
initproc (Ctype), 289
inquiry (C type), 295
instancemethod

object, 161
int

built-in function, 103
integer

object, 122
interpreted, 307
interpreter lock, 197
iterable, 308
iterator, 308
iternextfunc (C type), 290
lambda, 309
len

built-in function, 95, 104, 106, 154, 157,

159

lenfunc (C type), 290
list

object, 153
list comprehension, 309
loader, 309
lock, interpreter, 197
long integer

object, 122
magic

névodog, 309
main (), 193, 196
malloc (C function), 237
mapping, 309

object, 155
memoryview

object, 176
meta path finder, 309
method

object, 161
module, 310

_ main_ , 12,192,205

_thread, 199

builtins, 12, 192, 205

object, 165

search path, 12, 192, 195

signal, 58

sys, 12, 192, 205
module eméktaong, 304
modules (in module sys), 71, 192

mutable, 310
named tuple, 310
namespace, 311
nested scope, 311
newfunc (C type), 289
numeric

object, 122
object

Capsule, 178

None, 121

bytearray, 132

bytes, 130

code, 162

complex number, 128

dictionary, 155

file, 164

floating point, 126

frozenset, 158

function, 160

instancemethod, 161

integer, 122

list, 153

long integer, 122

mapping, 155

memoryview, 176

method, 161

module, 165

numeric, 122

sequence, 129

set, 158

tuple, 151

type, 7,117
objobjargproc (C type), 290
objobjproc (C type), 290
package variable

_all 71
path

module search, 12, 192, 195
path (in module sys), 12, 192, 195
path based finder, 312
path entry, 312
path entry finder, 312
path entry hook, 312
path-like avtikeipevo, 312
platform (in module sys), 195
pow

built-in function, 101, 103
provisional APT, 313
provisional mnaxéTo, 313
realloc (C function), 237
releasebufferproc (Ctype), 290
repr

built-in function, 93, 267
reprfunc (C type), 289
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richcmpfunc (C type), 290
sdterr

stdin stdout, 193
search

path, module, 12, 192, 195
sendfunc (C type), 290
sequence

object, 129
set

object, 158
set comprehension, 314
set_all(),9
setattrfunc (Ctype), 289
setattrofunc (C type), 289
setswitchinterval (in module sys), 197
signal

module, 58
slice, 314
special

névodog, 314
ssizeargfunc (C type), 290
ssizeobjargproc (Ctype), 290
staticmethod

built-in function, 254
stderr (in module sys), 205
stdin

stdout sdterr, 193
stdin (in module sys), 205
stdout

sdterr, stdin, 193
stdout (in module sys), 205
strerror (C function), 53
string

PyObject_Str (C function), 94
strong reference, 315
sum_list (), 10
sum_sequence (), 10, 11
Sys

module, 12, 192, 205
ternaryfunc (C type), 290
traverseproc (Ctype), 295

tuple
built-in function, 105, 155
object, 151

type

built-in function, 95
object, 7,117
type alias, 315
type hint, 316
unaryfunc (C type), 290
vectorcallfunc (Ctype), 96
version (in module sys), 195, 196
virtual environment, 316
virtual machine, 316

visitproc (Ctype), 294

A

axépara Brailpeon, 305

axoAoubia, 314

avayvwpilopévo évoua, 313
avtikeilpevo, 311

avtikeilpevo apyetiou, 304

avtikelpevo nou poirdletv pe apyeio, 304
apyelo xeipévou, 315

acuyyxpovocg generator, 300

aoUyxpovoc generator iterator, 300
acuyyxpovoc iterable, 301

acuyypovog iterator, 301

acuyyxpovocg Brayelpirotrg context, 300
apnenuévn Pacikn kAdon, 299

r

yevikn ouvdptnon, 306
yevikée tunog, 306

A

Saveilxkn avaypopd, 301
8nAwon, 315
8ira8paoctikdg, 307
Sirayelprotng context, 302
Suabixd apyeto, 301

E

€181k pébodocg, 314
elroaydépevo path, 307
eloaywyéag, 307

eltoaywyn, 307

éxppaon, 304

eAeYKTNC oTaTlkoU tTumnou, 315

K

xaboAlxéc véeg ypappég, 316
xavovikxd mnaxéto, 314
xatavénon Aeixou, 303
xAdon, 302

xAdon véou oTul, 311
xwdixomoinon xeilpévou, 315

xwdilkomoilnon oucotAuaTog apyelwv xat

xeiprotTng owaipdtwv, 304

Al

AeZixd, 303
AoTa, 309

M

payikn pébodocg, 309
pébobog, 310
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magic, 309
special, 314

peta—-xAdon, 310

peTaBAnty kAdong, 302

petaRAnt) neplBAAAOVTOQ
PATH, 13
PYTHONCOERCECLOCALE, 231
PYTHONDEBUG, 190, 226
PYTHONDEVMODE, 222
PYTHONDONTWRITEBYTECODE, 190, 229
PYTHONDUMPREFS, 222, 264
PYTHONEXECUTABLE, 226
PYTHONFAULTHANDLER, 223
PYTHONHASHSEED, 191, 223
PYTHONHOME, 13, 191, 197, 224
PYTHONINSPECT, 191, 224
PYTHONIOENCODING, 193, 228
PYTHONLEGACYWINDOWSFSENCODING,

217

PYTHONLEGACYWINDOWSSTDIO, 191, 225
PYTHONMALLOC, 238, 242, 244, 245
PYTHONMALLOCSTATS, 225, 238
PYTHONNODEBUGRANGES, 222
PYTHONNOUSERSITE, 191, 228
PYTHONOPTIMIZE, 192,226
PYTHONPATH, 13, 191, 225
PYTHONPLATLIBDIR, 225
PYTHONPROFILEIMPORTTIME, 224
PYTHONPYCACHEPREFIX, 227
PYTHONSAFEPATH, 221
PYTHONTRACEMALLOC, 228
PYTHONUNBUFFERED, 192, 221
PYTHONUTFS, 218, 231
PYTHONVERBOSE, 192, 229
PYTHONWARNINGS, 229
__ _PYVENV_LAUNCHER_ , 221,226

pirya8ikde apirbpdg, 302

pova8ikd dispatch, 314

O

6plona, 300

6plopa keyword, 309
6plopa Béong, 313
oyn AeZixkou, 303

M

nakéto, 311

naxk€to namespace, 311
napdpetpog, 311
nAnfoc avaypopdg, 314

2

celpd avdiuvonc peboéSwv, 310
oulloyny anoppipdtwy, 305

191,

oupBolocelpd TPLOAWV &loaywylkwv, 315
ouvdptnon, 305

ouvdptnon annotation, 305

ouvdaptnon key, 308

T

Teppatiopdc Aeitoupylag Siepunvéa, 307
Texvikéc mpodiraypawpéc module, 310
Tunpa, 313

Tonikn kxwdikomoinon, 309

TUnocg, 315

X

Xapaxtnpiotiko, 301
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