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This document describes how to write modules in C or C++ to extend the Python interpreter with new modules. Those
modules can not only define new functions but also new object types and their methods. The document also describes
how to embed the Python interpreter in another application, for use as an extension language. Finally, it shows how
to compile and link extension modules so that they can be loaded dynamically (at run time) into the interpreter, if
the underlying operating system supports this feature.

This document assumes basic knowledge about Python. For an informal introduction to the language, see tutorial-
index. reference-index gives a more formal definition of the language. library-index documents the existing object
types, functions and modules (both built-in and written in Python) that give the language its wide application range.

For a detailed description of the whole Python/C API, see the separate c-api-index.

Meplexopeva 1
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Recommended third party tools

This guide only covers the basic tools for creating extensions provided as part of this version of CPython. Some third
party tools offer both simpler and more sophisticated approaches to creating C and C++ extensions for Python.
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Creating extensions without third party tools

This section of the guide covers creating C and C++ extensions without assistance from third party tools. It is intended
primarily for creators of those tools, rather than being a recommended way to create your own C extensions.

e Ascite emiong

PEP 489 - Multi-phase extension module initialization

2.1 Extending Python with C or C++

It is quite easy to add new built-in modules to Python, if you know how to program in C. Such extension modules can
do two things that can’t be done directly in Python: they can implement new built-in object types, and they can call
C library functions and system calls.

To support extensions, the Python API (Application Programmers Interface) defines a set of functions, macros and
variables that provide access to most aspects of the Python run-time system. The Python API is incorporated in a C
source file by including the header "Python.h".

The compilation of an extension module depends on its intended use as well as on your system setup; details are given
in later chapters.

O Ihusimoy

The C extension interface is specific to CPython, and extension modules do not work on other Python
implementations. In many cases, it is possible to avoid writing C extensions and preserve portability to other
implementations. For example, if your use case is calling C library functions or system calls, you should consider
using the ctypes module or the cffi library rather than writing custom C code. These modules let you write
Python code to interface with C code and are more portable between implementations of Python than writing
and compiling a C extension module.

2.1.1 A Simple Example

Let’s create an extension module called spam (the favorite food of Monty Python fans...) and let’s say we want
to create a Python interface to the C library function system () !. This function takes a null-terminated character

! An interface for this function already exists in the standard module os — it was chosen as a simple and straightforward example.



https://peps.python.org/pep-0489/
https://cffi.readthedocs.io/
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string as argument and returns an integer. We want this function to be callable from Python as follows:

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

Begin by creating a file spammodule. c. (Historically, if a module is called spam, the C file containing its
implementation is called spammodule. c; if the module name is very long, like spammify, the module name
can be just spammify.c.)

The first two lines of our file can be:

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

which pulls in the Python API (you can add a comment describing the purpose of the module and a copyright notice
if you like).

O Ihusioon

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.

#define PY_SSIZE_T_CLEAN was used to indicate that Py_ssize_t should be used in some APIs
instead of int. It is not necessary since Python 3.13, but we keep it here for backward compatibility. See arg-
parsing-string-and-buffers for a description of this macro.

All user-visible symbols defined by Python . h have a prefix of Py or PY, except those defined in standard header
files.

IpoaxTikt) cvuBouii

For backward compatibility, Python . h includes several standard header files. C extensions should include the
standard headers that they use, and should not rely on these implicit includes. If using the limited C API version
3.13 or newer, the implicit includes are:

e <assert.h>
e <intrin.h> (on Windows)
e <inttypes.h>
e <limits.h>
e <math.h>
¢ <stdarg.h>
e <wchar.h>
e <sys/types.h> (if present)
If Py_ LIMITED_APT is not defined, or is set to version 3.12 or older, the headers below are also included:
e <ctype.h>
e <unistd.h> (on POSIX)
If Py_ LIMITED_APT is not defined, or is set to version 3.10 or older, the headers below are also included:
e <errno.h>
e <stdio.h>
e <stdlib.h>

e <string.h>

6 Kegahaio 2. Creating extensions without third party tools
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The next thing we add to our module file is the C function that will be called when the Python expression spam.
system (string) is evaluated (we’ll see shortly how it ends up being called):

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

const char *command;

int sts;

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

sts = system(command) ;

return Pylong FromLong (sts) ;

There is a straightforward translation from the argument list in Python (for example, the single expression "1s -1")
to the arguments passed to the C function. The C function always has two arguments, conventionally named self and
args.

The self argument points to the module object for module-level functions; for a method it would point to the object
instance.

The args argument will be a pointer to a Python tuple object containing the arguments. Each item of the tuple
corresponds to an argument in the call’s argument list. The arguments are Python objects — in order to do anything
with them in our C function we have to convert them to C values. The function PyArg_ParseTuple () in the
Python API checks the argument types and converts them to C values. It uses a template string to determine the
required types of the arguments as well as the types of the C variables into which to store the converted values. More
about this later.

PyArg_ParseTuple () returns true (nonzero) if all arguments have the right type and its components have been
stored in the variables whose addresses are passed. It returns false (zero) if an invalid argument list was passed. In
the latter case it also raises an appropriate exception so the calling function can return NULL immediately (as we saw
in the example).

2.1.2 Intermezzo: Errors and Exceptions

An important convention throughout the Python interpreter is the following: when a function fails, it should set an
exception condition and return an error value (usually —1 or a NULL pointer). Exception information is stored in
three members of the interpreter’s thread state. These are NULL if there is no exception. Otherwise they are the C
equivalents of the members of the Python tuple returned by sys.exc_info (). These are the exception type,
exception instance, and a traceback object. It is important to know about them to understand how errors are passed
around.

The Python API defines a number of functions to set various types of exceptions.

The most common one is PyErr_SetString (). Its arguments are an exception object and a C string. The
exception object is usually a predefined object like PyExc_ZeroDivisionError. The C string indicates the
cause of the error and is converted to a Python string object and stored as the «associated value» of the exception.

Another useful functionis PyErr_SetFromErrno (), which only takes an exception argument and constructs the
associated value by inspection of the global variable e r rno. The most general functionis PyErr_SetObject (),
which takes two object arguments, the exception and its associated value. You don’t need to Py_INCREF () the
objects passed to any of these functions.

You can test non-destructively whether an exception has been set with PyErr_Occurred (). This returns
the current exception object, or NULL if no exception has occurred. You normally don’t need to call
PyErr_Occurred () to see whether an error occurred in a function call, since you should be able to tell from
the return value.

2.1. Extending Python with C or C++ 7
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When a function f that calls another function g detects that the latter fails, f should itself return an error value
(usually NULL or —1). It should not call one of the PyErr_* functions — one has already been called by g. f’s caller
is then supposed to also return an error indication to its caller, again without calling PyErr_*, and so on — the
most detailed cause of the error was already reported by the function that first detected it. Once the error reaches the
Python interpreter’s main loop, this aborts the currently executing Python code and tries to find an exception handler
specified by the Python programmer.

(There are situations where a module can actually give a more detailed error message by calling another PyErr_ *
function, and in such cases it is fine to do so. As a general rule, however, this is not necessary, and can cause information
about the cause of the error to be lost: most operations can fail for a variety of reasons.)

To ignore an exception set by a function call that failed, the exception condition must be cleared explicitly by calling
PyErr_Clear (). The only time C code should call PyErr_Clear () isif it doesn’t want to pass the error on to
the interpreter but wants to handle it completely by itself (possibly by trying something else, or pretending nothing
went wrong).

Every failingmalloc () call must be turned into an exception — the direct caller of malloc () (or realloc ())
must call PyErr_NoMemory () and return a failure indicator itself. All the object-creating functions (for example,
PyLong_FromLong () ) already do this, so this note is only relevant to those who callmalloc () directly.

Also note that, with the important exception of PyArg_ParseTuple () and friends, functions that return an
integer status usually return a positive value or zero for success and —1 for failure, like Unix system calls.

Finally, be careful to clean up garbage (by making Py_XDECREF () or Py_DECREF () calls for objects you have
already created) when you return an error indicator!

The choice of which exception to raise is entirely yours. There are predeclared C objects corresponding to all
built-in Python exceptions, such as PyExc_ZeroDivisionError, which you can use directly. Of course, you
should choose exceptions wisely — don’t use PyExc_TypeError to mean that a file couldn’t be opened (that
should probably be PyExc_OSError). If something’s wrong with the argument list, the PyArg_ParseTuple ()
function usually raises PyExc_TypeError. If you have an argument whose value must be in a particular range or
must satisfy other conditions, PyExc_ValueError is appropriate.

You can also define a new exception that is unique to your module. The simplest way to do this is to declare a static
global object variable at the beginning of the file:

[static PyObject *SpamError = NULL; }

and initialize it by calling PyErr_NewException () in the module’s Py_mod_exec function
(spam_module_exec ()):

[SpamError = PyErr_ NewException ("spam.error", NULL, NULL); }

Since SpamError is a global variable, it will be overwritten every time the module is reinitialized, when the
Py_mod_exec function is called.

For now, let’s avoid the issue: we will block repeated initialization by raising an ImportError:

static PyObject *SpamError = NULL;

static int
spam_module_exec (PyObject *m)
{
if (SpamError != NULL) {
PyErr_SetString (PyExc_ImportError,
"cannot initialize spam module more than once");
return -1;
}
SpamError = PyErr_NewException ("spam.error", NULL, NULL);
if (PyModule_AddObjectRef (m, "SpamError", SpamError) < 0) {
return -1;

(ouvéyela oty eV oehida)
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return O;

static PyModuleDef Slot spam _module_slots[] = {

}i

{Py_mod_exec, spam_module_exec},
{0, NULL}

static struct PyModuleDef spam module = {

bi

.m_base = PyModuleDef HEAD_ INIT,

.m_name = "spam",
.m_size = 0, // non-negative
.m_slots = spam_module_slots,

PyMODINIT_FUNC
PyInit_spam(void)

{

return PyModuleDef Init (&spam_module);

Note that the Python name for the exception object is spam.error. The PyErr_NewException () function
may create a class with the base class being Exception (unless another class is passed in instead of NULL),
described in bltin-exceptions.

Note also that the SpamError variable retains a reference to the newly created exception class; this is intentional!
Since the exception could be removed from the module by external code, an owned reference to the class is needed to
ensure that it will not be discarded, causing SpamError to become a dangling pointer. Should it become a dangling
pointer, C code which raises the exception could cause a core dump or other unintended side effects.

For now, the Py_DECREF () call to remove this reference is missing. Even when the Python interpreter shuts down,
the global SpamError variable will not be garbage-collected. It will «leak». We did, however, ensure that this will
happen at most once per process.

We discuss the use of PyMODINIT_FUNC as a function return type later in this sample.

The spam.error exception can be raised in your extension module using a call to PyErr_SetString () as
shown below:

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

{

const char *command;
int sts;

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

sts = system(command) ;

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

}

return Pylong_FromLong (sts);

2.1. Extending Python with C or C++ 9
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2.1.3 Back to the Example

Going back to our example function, you should now be able to understand this statement:

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

It returns NULL (the error indicator for functions returning object pointers) if an error is detected in the argument
list, relying on the exception set by PyArg_ParseTuple (). Otherwise the string value of the argument has been
copied to the local variable command. This is a pointer assignment and you are not supposed to modify the string to
which it points (so in Standard C, the variable command should properly be declared as const char *command).

The next statement is a call to the Unix function system(), passing it the string we just got from
PyArg_ParseTuple():

[sts = system (command) ; ]

Our spam.system () function must return the value of sts as a Python object. This is done using the function
PyLong_FromLong ().

[return PyLong_FromLong (sts) ; }

In this case, it will return an integer object. (Yes, even integers are objects on the heap in Python!)

If you have a C function that returns no useful argument (a function returning void), the corresponding Python
function must return None. You need this idiom to do so (which is implemented by the Py_ RETURN_NONE macro):

Py_INCREF (Py_None) ;
return Py_None;

Py_None is the C name for the special Python object None. It is a genuine Python object rather than a NULL
pointer, which means «error» in most contexts, as we have seen.

2.1.4 The Module’s Method Table and Initialization Function

I promised to show how spam_system () is called from Python programs. First, we need to list its name and
address in a «method table»:

static PyMethodDef spam_methods[] = {

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

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

Note the third entry (METH_VARARGS). This is a flag telling the interpreter the calling convention to be used for the
C function. It should normally always be METH_VARARGS or METH_VARARGS | METH_KEYWORDS; a value
of 0 means that an obsolete variant of PyArg_ParseTuple () is used.

‘When using only METH_VARARGS, the function should expect the Python-level parameters to be passed in as a tuple
acceptable for parsing via PyArg_ParseTuple () ; more information on this function is provided below.

The METH_KEYWORDS bit may be set in the third field if keyword arguments should be passed to the function. In
this case, the C function should accept a third PyObject * parameter which will be a dictionary of keywords. Use
PyArg_ParseTupleAndKeywords () to parse the arguments to such a function.

The method table must be referenced in the module definition structure:

static struct PyModuleDef spam_module = {

(OUVEYELD TNV ETTOUEVT] GENDO)
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.m_methods = spam_methods,

bi

This structure, in turn, must be passed to the interpreter in the module’s initialization function. The initialization
function must be named PyInit_name (), where name is the name of the module, and should be the only non-
static item defined in the module file:

PyMODINIT_FUNC
PyInit_spam(void)
{
return PyModuleDef_ Init (&spam_module) ;

Note that PyMODINIT_FUNC declares the function as PyObject * return type, declares any special linkage
declarations required by the platform, and for C++ declares the function as extern "C".

PyInit_spam() is called when each interpreter imports its module spam for the first time. (See
below for comments about embedding Python.) A pointer to the module definition must be returned via
PyModuleDef_Init (), so that the import machinery can create the module and store it in sys.modules.

When embedding Python, the PyInit_spam () function is not called automatically unless there’s an entry in the
PyImport_Inittab table. Toadd the module to the initialization table, use Py Import_AppendInittab (),
optionally followed by an import of the module:

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

int
main (int argc, char *argv[])
{
PyStatus status;
PyConfig config;
PyConfig InitPythonConfig(&confiqg);

/* Add a built-in module, before Py_Initialize */
if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n
=")i

exit (1);

/* Pass argv[0] to the Python interpreter */
status = PyConfig_ SetBytesString(&config, &config.program_name, .
—argv[0]);
if (PyStatus_Exception(status)) {
goto exception;

/* Initialize the Python interpreter. Required.
If this step fails, it will be a fatal error. */
status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_ Clear (&config) ;

(ouvéyela oty emtopevn oehida)
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/* Optionally import the module; alternatively,

import can be deferred until the embedded script

imports it. */
PyObject *pmodule = PyImport_TImportModule ("spam") ;
if (!pmodule) {

PyErr_Print ();

fprintf (stderr, "Error: could not import module 'spam'\n");

// ... use Python C API here
return O;
exception:

PyConfig Clear (&confiqg);
Py_ExitStatusException(status);

O Ihusioon

If you declare a global variable or a local static one, the module may experience unintended side-effects on re-
initialisation, for example when removing entries from sys.modules or importing compiled modules into
multiple interpreters within a process (or following a fork () without an intervening exec () ). If module state
is not yet fully isolated, authors should consider marking the module as having no support for subinterpreters (via
Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED).

A more substantial example module is included in the Python source distribution as Modules/xxlimited.c.
This file may be used as a template or simply read as an example.

2.1.5 Compilation and Linkage

There are two more things to do before you can use your new extension: compiling and linking it with the Python
system. If you use dynamic loading, the details may depend on the style of dynamic loading your system uses; see the
chapters about building extension modules (chapter Building C and C++ Extensions) and additional information that
pertains only to building on Windows (chapter Building C and C++ Extensions on Windows) for more information
about this.

If you can’t use dynamic loading, or if you want to make your module a permanent part of the Python interpreter,
you will have to change the configuration setup and rebuild the interpreter. Luckily, this is very simple on Unix: just
place your file (spammodule . c for example) in the Modules/ directory of an unpacked source distribution, add
a line to the file Modules/Setup. local describing your file:

[spam spammodule.o }

and rebuild the interpreter by running make in the toplevel directory. You can also run make in the Modules/
subdirectory, but then you must first rebuild Make fi 1e there by running “make Makefile”. (This is necessary each
time you change the Setup file.)

If your module requires additional libraries to link with, these can be listed on the line in the configuration file as
well, for instance:

[spam spammodule.o —-1X11 }

12 Kegahaio 2. Creating extensions without third party tools
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2.1.6 Calling Python Functions from C

So far we have concentrated on making C functions callable from Python. The reverse is also useful: calling
Python functions from C. This is especially the case for libraries that support so-called «callback» functions. If a C
interface makes use of callbacks, the equivalent Python often needs to provide a callback mechanism to the Python
programmer; the implementation will require calling the Python callback functions from a C callback. Other uses
are also imaginable.

Fortunately, the Python interpreter is easily called recursively, and there is a standard interface to call a Python
function. (I won’t dwell on how to call the Python parser with a particular string as input — if you'’re interested, have
a look at the implementation of the —c command line option in Modules/main. ¢ from the Python source code.)

Calling a Python function is easy. First, the Python program must somehow pass you the Python function object.
You should provide a function (or some other interface) to do this. When this function is called, save a pointer to
the Python function object (be careful to Py_ INCREF () it!) in a global variable — or wherever you see fit. For
example, the following function might be part of a module definition:

static PyObject *my_callback = NULL;

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

{
PyObject *result = NULL;
PyObject *temp;
if (PyArg_ParseTuple (args, "O:set _callback", &temp)) {
if (!PyCallable_Check (temp)) {
PyErr_SetString (PyExc_TypeError, "parameter must be callable");
return NULL;
I3
Py_XINCREF (temp) ; /* Add a reference to new callback */
Py_XDECREF (my_callback); /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */
/* Boilerplate to return "None" */
Py_INCREF (Py_None) ;
result = Py_None;
}
return result;
}

This function must be registered with the interpreter using the METH_VARARGS flag; this is described in section
The Module’s Method Table and Initialization Function. The PyArg_ParseTuple () function and its arguments
are documented in section Extracting Parameters in Extension Functions.

The macros Py_XINCREF () and Py_XDECREF () increment/decrement the reference count of an object and are
safe in the presence of NULL pointers (but note that femp will not be NULL in this context). More info on them in
section Reference Counts.

Later, when it is time to call the function, you call the C function PyObject_CallObject (). This function
has two arguments, both pointers to arbitrary Python objects: the Python function, and the argument list. The
argument list must always be a tuple object, whose length is the number of arguments. To call the Python
function with no arguments, pass in NULL, or an empty tuple; to call it with one argument, pass a singleton
tuple. Py_BuildvValue () returns a tuple when its format string consists of zero or more format codes between
parentheses. For example:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

(ovvéyela otV ETOUEVT) OEMDA)
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/* Time to call the callback */

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

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

PyObject_CallObject () returns a Python object pointer: this is the return value of the Python function.
PyObject_CallObject () is «reference-count-neutral» with respect to its arguments. In the example a
new tuple was created to serve as the argument list, which is Py_DECREF ()-ed immediately after the
PyObject_CallObject () call

The return value of PyObject_CallObject () is «new»: either it is a brand new object, or it is an existing
object whose reference count has been incremented. So, unless you want to save it in a global variable, you should
somehow Py_DECREF () the result, even (especially!) if you are not interested in its value.

Before you do this, however, it is important to check that the return value isn’t NULL. If it is, the Python function
terminated by raising an exception. If the C code that called PyObject_CallObject () is called from Python,
it should now return an error indication to its Python caller, so the interpreter can print a stack trace, or the calling
Python code can handle the exception. If this is not possible or desirable, the exception should be cleared by calling
PyErr_Clear (). For example:

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

Depending on the desired interface to the Python callback function, you may also have to provide an argument list to
PyObject_CallObject ().Insome cases the argument list is also provided by the Python program, through the
same interface that specified the callback function. It can then be saved and used in the same manner as the function
object. In other cases, you may have to construct a new tuple to pass as the argument list. The simplest way to do this
istocall Py_Buildvalue (). For example, if you want to pass an integral event code, you might use the following
code:

PyObject *arglist;

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

Note the placement of Py_DECREF (arglist) immediately after the call, before the error check! Also note
that strictly speaking this code is not complete: Py_BuildValue () may run out of memory, and this should be
checked.

You may also call a function with keyword arguments by using PyObject_Call (), which supports arguments
and keyword arguments. As in the above example, we use Py_BuildvValue () to construct the dictionary.

PyObject *dict;

dict = Py_BuildValue("{s:1}", "name", val);
result = PyObject_Call (my_callback, NULL, dict);
Py_DECREF (dict) ;
if (result == NULL)

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;
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2.1.7 Extracting Parameters in Extension Functions

The PyArg_ParseTuple () function is declared as follows:

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

The arg argument must be a tuple object containing an argument list passed from Python to a C function. The format
argument must be a format string, whose syntax is explained in arg-parsing in the Python/C API Reference Manual.
The remaining arguments must be addresses of variables whose type is determined by the format string.

Note that while PyArg_ParseTuple () checks that the Python arguments have the required types, it cannot check
the validity of the addresses of C variables passed to the call: if you make mistakes there, your code will probably
crash or at least overwrite random bits in memory. So be careful!

Note that any Python object references which are provided to the caller are borrowed references; do not decrement
their reference count!

Some example calls:

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

int ok;
int i, j;
long k, 1;

const char *s;
Py_ssize_t size;

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

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

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

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

{
const char *file;
const char *mode = "r'";
int bufsize = 0;
ok = PyArg ParseTuple (args, "s|si", &file, &mode, &bufsize);
/* A string, and optionally another string and an integer */
/* Possible Python calls:
f('spam')
f('spam', 'w')
f('spam', 'wb', 100000) */
}
{

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple (args, " ((ii) (ii)) (idi)",
&left, &top, &right, &bottom, &h, &v);

(ouvéyela oty eV oehida)
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/* A rectangle and a point */
/* Possible Python call:
£(((, 0), (400, 300)), (10, 10)) */

Py_complex c;

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

/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+23) */

2.1.8 Keyword Parameters for Extension Functions

The PyArg_ParseTupleAndKeywords () function is declared as follows:

int PyArg_ParseTupleAndKeywords (PyObject *arg, PyObject *kwdict,
const char *format, char * const *kwlist,

<—>..),'

The arg and format parameters are identical to those of the PyArg_ParseTuple () function. The kwdict
parameter is the dictionary of keywords received as the third parameter from the Python runtime. The kwlist
parameter is a NULL-terminated list of strings which identify the parameters; the names are matched with the type
information from format from left to right. On success, PyArg_ParseTupleAndKeywords () returns true,
otherwise it returns false and raises an appropriate exception.

O Inucioon

Nested tuples cannot be parsed when using keyword arguments! Keyword parameters passed in which are not
present in the kwlist will cause TypeError to be raised.

Here is an example module which uses keywords, based on an example by Geoff Philbrick (philbrick@hks.com):

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

(ouvéyela oty eV oehida)
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static PyMethodDef keywdarg _methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg parrot () takes
* three.
*/
{"parrot", (PyCFunction) (void (*) (void))keywdarg parrot, METH_VARARGS |._
—METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
i

static struct PyModuleDef keywdarg module = {
.m_base = PyModuleDef HEAD_INIT,
.m_name = "keywdarg",
.m_size = 0,
.m_methods = keywdarg_methods,
bi

PyMODINIT_FUNC

PyInit_keywdarg (void)

{
return PyModuleDef Init (&keywdarg_module) ;

2.1.9 Building Arbitrary Values

This function is the counterpart to PyArg_ParseTuple (). It is declared as follows:

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

It recognizes a set of format units similar to the ones recognized by PyArg_ParseTuple (), but the arguments
(which are input to the function, not output) must not be pointers, just values. It returns a new Python object, suitable
for returning from a C function called from Python.

One difference with PyArg_ParseTuple () : while the latter requires its first argument to be a tuple (since Python
argument lists are always represented as tuples internally), Py_BuildvValue () 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.

Examples (to the left the call, to the right the resulting Python value):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_BuildValue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_BuildValue ("ss" "hello", "world") ('hello', 'world')
nyBuildValue("s#" "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_BuildValue("(ll) 123, 456) (123, 456)
nyBuildValue("(l,l)", 123, 456) (123, 456)
Py_Buildvalue ("[i,i]", 123, 456) [123, 456]

(OUVEYELD TNV ETTOUEVT) GEMDO)
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Py_Buildvalue ("{s:i,s:1i}",

"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_Buildvalue (" ((ii) (ii)) (ii)",
1, 2, 3, 4, 5, 6) (1, 2), (3, 4)), (5, 6))

2.1.10 Reference Counts

In languages like C or C++, the programmer is responsible for dynamic allocation and deallocation of memory on
the heap. In C, this is done using the functions malloc () and free (). In C++, the operators new and delete
are used with essentially the same meaning and we'll restrict the following discussion to the C case.

Every block of memory allocated with malloc () should eventually be returned to the pool of available memory
by exactly one call to free (). It is important to call £ree () at the right time. If a block’s address is forgotten but
free () is not called for it, the memory it occupies cannot be reused until the program terminates. This is called
a memory leak. On the other hand, if a program calls free () for a block and then continues to use the block, it
creates a conflict with reuse of the block through another malloc () call. This is called using freed memory. It has
the same bad consequences as referencing uninitialized data — core dumps, wrong results, mysterious crashes.

Common causes of memory leaks are unusual paths through the code. For instance, a function may allocate a block
of memory, do some calculation, and then free the block again. Now a change in the requirements for the function
may add a test to the calculation that detects an error condition and can return prematurely from the function. It’s
easy to forget to free the allocated memory block when taking this premature exit, especially when it is added later
to the code. Such leaks, once introduced, often go undetected for a long time: the error exit is taken only in a small
fraction of all calls, and most modern machines have plenty of virtual memory, so the leak only becomes apparent
in a long-running process that uses the leaking function frequently. Therefore, it’s important to prevent leaks from
happening by having a coding convention or strategy that minimizes this kind of errors.

Since Python makes heavy use of malloc () and free (), it needs a strategy to avoid memory leaks as well as the
use of freed memory. The chosen method is called reference counting. The principle is simple: every object contains
a counter, which is incremented when a reference to the object is stored somewhere, and which is decremented when
a reference to it is deleted. When the counter reaches zero, the last reference to the object has been deleted and the
object is freed.

An alternative strategy is called automatic garbage collection. (Sometimes, reference counting is also referred to as
a garbage collection strategy, hence my use of «automatic» to distinguish the two.) The big advantage of automatic
garbage collection is that the user doesn’t need to call free () explicitly. (Another claimed advantage is an
improvement in speed or memory usage — this is no hard fact however.) The disadvantage is that for C, there is
no truly portable automatic garbage collector, while reference counting can be implemented portably (as long as the
functionsmalloc () and free () are available — which the C Standard guarantees). Maybe some day a sufficiently
portable automatic garbage collector will be available for C. Until then, we’ll have to live with reference counts.

While Python uses the traditional reference counting implementation, it also offers a cycle detector that works to
detect reference cycles. This allows applications to not worry about creating direct or indirect circular references;
these are the weakness of garbage collection implemented using only reference counting. Reference cycles consist
of objects which contain (possibly indirect) references to themselves, so that each object in the cycle has a reference
count which is non-zero. Typical reference counting implementations are not able to reclaim the memory belonging
to any objects in a reference cycle, or referenced from the objects in the cycle, even though there are no further
references to the cycle itself.

The cycle detector is able to detect garbage cycles and can reclaim them. The gc module exposes a way to run the
detector (the collect () function), as well as configuration interfaces and the ability to disable the detector at
runtime.

Reference Counting in Python

There are two macros, Py_INCREF (x) and Py_DECREF (x), which handle the incrementing and decrementing
of the reference count. Py_ DECREF () also frees the object when the count reaches zero. For flexibility, it doesn’t
call free () directly — rather, it makes a call through a function pointer in the object’s type object. For this purpose
(and others), every object also contains a pointer to its type object.
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The big question now remains: when to use Py_INCREF (x) and Py_DECREF (x) ? Let’s first introduce some
terms. Nobody «owns» an object; however, you can own a reference to an object. An object’s reference count is now
defined as the number of owned references to it. The owner of a reference is responsible for calling Py_ DECREF ()
when the reference is no longer needed. Ownership of a reference can be transferred. There are three ways to dispose
of an owned reference: pass it on, store it, or call Py_DECREF (). Forgetting to dispose of an owned reference
creates a memory leak.

It is also possible to borrow” a reference to an object. The borrower of a reference should not call Py_DECREF ().
The borrower must not hold on to the object longer than the owner from which it was borrowed. Using a borrowed
reference after the owner has disposed of it risks using freed memory and should be avoided completely®.

The advantage of borrowing over owning a reference is that you don’t need to take care of disposing of the reference
on all possible paths through the code — in other words, with a borrowed reference you don’t run the risk of leaking
when a premature exit is taken. The disadvantage of borrowing over owning is that there are some subtle situations
where in seemingly correct code a borrowed reference can be used after the owner from which it was borrowed has
in fact disposed of it.

A borrowed reference can be changed into an owned reference by calling Py_ INCREF () . This does not affect the
status of the owner from which the reference was borrowed — it creates a new owned reference, and gives full owner
responsibilities (the new owner must dispose of the reference properly, as well as the previous owner).

Ownership Rules

Whenever an object reference is passed into or out of a function, it is part of the function’s interface specification
whether ownership is transferred with the reference or not.

Most functions that return a reference to an object pass on ownership with the reference. In particular, all functions
whose function it is to create a new object, such as PyLong_FromLong () and Py_Buildvalue (), pass
ownership to the receiver. Even if the object is not actually new, you still receive ownership of a new reference
to that object. For instance, PyLong_FromLong () maintains a cache of popular values and can return a reference
to a cached item.

Many functions that extract objects from other objects also transfer ownership with the reference, for
instance PyObject_GetAttrString (). The picture is less clear, here, however, since a few common
routines are exceptions: PyTuple_GetItem(), PyList_GetItem(), PyDict_GetItem(), and
PyDict_GetItemString () all return references that you borrow from the tuple, list or dictionary.

The function PyImport_AddModule () also returns a borrowed reference, even though it may actually create the
object it returns: this is possible because an owned reference to the object is stored in sys .modules.

When you pass an object reference into another function, in general, the function borrows the reference from you —
if it needs to store it, it will use Py_ INCREF () to become an independent owner. There are exactly two important
exceptions to this rule: PyTuple_SetItem () and PyList_SetItem (). These functions take over ownership
of the item passed to them — even if they fail! (Note that PyDict_SetItem() and friends don't take over
ownership — they are «normal.»)

When a C function is called from Python, it borrows references to its arguments from the caller. The caller owns a
reference to the object, so the borrowed reference’s lifetime is guaranteed until the function returns. Only when such a
borrowed reference must be stored or passed on, it must be turned into an owned reference by calling Py_ INCREF () .

The object reference returned from a C function that is called from Python must be an owned reference — ownership
is transferred from the function to its caller.

Thin Ice

There are a few situations where seemingly harmless use of a borrowed reference can lead to problems. These all
have to do with implicit invocations of the interpreter, which can cause the owner of a reference to dispose of it.

The first and most important case to know about is using Py_DECREF () on an unrelated object while borrowing a
reference to a list item. For instance:

2 The metaphor of «borrowing» a reference is not completely correct: the owner still has a copy of the reference.
3 Checking that the reference count is at least 1 does not work — the reference count itself could be in freed memory and may thus be reused
for another object!
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void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, O0);

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

This function first borrows a reference to 1ist [0], then replaces 1ist [1] with the value 0, and finally prints the
borrowed reference. Looks harmless, right? But it’s not!

Let’s follow the control flow into PyList_SetItem (). The list owns references to all its items, so when item
1 is replaced, it has to dispose of the original item 1. Now let’s suppose the original item 1 was an instance of a
user-defined class, and let’s further suppose that the class defined a __del__ () method. If this class instance has
a reference count of 1, disposing of it will call its __del__ () method. Internally, PyList_SetItem() calls
Py_DECREF () on the replaced item, which invokes replaced item’s corresponding t p_dealloc function. During
deallocation, tp_dealloccallstp_finalize, whichis mappedtothe _del_ () method for class instances
(see PEP 442). This entire sequence happens synchronously within the PyList_SetItem() call.

Since it is written in Python, the __del__ () method can execute arbitrary Python code. Could it perhaps do
something to invalidate the reference to item in bug () ? You bet! Assuming that the list passed into bug () is
accessible to the __del__ () method, it could execute a statement to the effect of del 1ist [0], and assuming
this was the last reference to that object, it would free the memory associated with it, thereby invalidating it em.

The solution, once you know the source of the problem, is easy: temporarily increment the reference count. The
correct version of the function reads:

void
no_bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, O0);

Py_INCREF (item) ;

PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, O0);

Py_DECREF (item) ;

This is a true story. An older version of Python contained variants of this bug and someone spent a considerable
amount of time in a C debugger to figure out why his __del__ () methods would fail...

The second case of problems with a borrowed reference is a variant involving threads. Normally, multiple threads in
the Python interpreter can’t get in each other’s way, because there is a global lock protecting Python’s entire object
space. However, it is possible to temporarily release this lock using the macro Py_BEGIN_ALLOW_THREADS, and
to re-acquire it using Py_END_ALLOW_THREADS. This is common around blocking I/O calls, to let other threads
use the processor while waiting for the I/O to complete. Obviously, the following function has the same problem as
the previous one:

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, O0);
Py_BEGIN_ALLOW_THREADS
..some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */
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NULL Pointers

In general, functions that take object references as arguments do not expect you to pass them NULL pointers, and will
dump core (or cause later core dumps) if you do so. Functions that return object references generally return NULL
only to indicate that an exception occurred. The reason for not testing for NULL arguments is that functions often
pass the objects they receive on to other function — if each function were to test for NULL, there would be a lot of
redundant tests and the code would run more slowly.

It is better to test for NULL only at the «source:» when a pointer that may be NULL is received, for example, from
malloc () or from a function that may raise an exception.

The macros Py_INCREF () and Py_DECREF () do not check for NULL pointers — however, their variants
Py_XINCREF () and Py_XDECREF () do.

The macros for checking for a particular object type (Pytype_Check () ) don’t check for NULL pointers — again,
there is much code that calls several of these in a row to test an object against various different expected types, and
this would generate redundant tests. There are no variants with NULL checking.

The C function calling mechanism guarantees that the argument list passed to C functions (args in the examples)
is never NULL — in fact it guarantees that it is always a tuple*.

It is a severe error to ever let a NULL pointer «escape» to the Python user.

2.1.11 Writing Extensions in C++

It is possible to write extension modules in C++. Some restrictions apply. If the main program (the Python interpreter)
is compiled and linked by the C compiler, global or static objects with constructors cannot be used. This is not a
problem if the main program is linked by the C++ compiler. Functions that will be called by the Python interpreter
(in particular, module initialization functions) have to be declared using extern "C". It is unnecessary to enclose
the Python header files in extern "C" {...} — they use this form already if the symbol __cplusplus is
defined (all recent C++ compilers define this symbol).

2.1.12 Providing a C API for an Extension Module

Many extension modules just provide new functions and types to be used from Python, but sometimes the code in
an extension module can be useful for other extension modules. For example, an extension module could implement
a type «collection» which works like lists without order. Just like the standard Python list type has a C API which
permits extension modules to create and manipulate lists, this new collection type should have a set of C functions
for direct manipulation from other extension modules.

At first sight this seems easy: just write the functions (without declaring them static, of course), provide an
appropriate header file, and document the C API. And in fact this would work if all extension modules were always
linked statically with the Python interpreter. When modules are used as shared libraries, however, the symbols defined
in one module may not be visible to another module. The details of visibility depend on the operating system; some
systems use one global namespace for the Python interpreter and all extension modules (Windows, for example),
whereas others require an explicit list of imported symbols at module link time (AIX is one example), or offer a
choice of different strategies (most Unices). And even if symbols are globally visible, the module whose functions
one wishes to call might not have been loaded yet!

Portability therefore requires not to make any assumptions about symbol visibility. This means that all symbols in
extension modules should be declared st at i c, except for the module’s initialization function, in order to avoid name
clashes with other extension modules (as discussed in section 7he Module’s Method Table and Initialization Function).
And it means that symbols that should be accessible from other extension modules must be exported in a different
way.

Python provides a special mechanism to pass C-level information (pointers) from one extension module to another
one: Capsules. A Capsule is a Python data type which stores a pointer (void*). Capsules can only be created and
accessed via their C API, but they can be passed around like any other Python object. In particular, they can be
assigned to a name in an extension module’s namespace. Other extension modules can then import this module,
retrieve the value of this name, and then retrieve the pointer from the Capsule.

4 These guarantees don’t hold when you use the «old» style calling convention — this is still found in much existing code.
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There are many ways in which Capsules can be used to export the C API of an extension module. Each function
could get its own Capsule, or all C API pointers could be stored in an array whose address is published in a Capsule.
And the various tasks of storing and retrieving the pointers can be distributed in different ways between the module
providing the code and the client modules.

Whichever method you choose, it’s important to name your Capsules properly. The function PyCapsule_New ()
takes a name parameter (const char*); you're permitted to pass in a NULL name, but we strongly encourage you
to specify a name. Properly named Capsules provide a degree of runtime type-safety; there is no feasible way to tell
one unnamed Capsule from another.

In particular, Capsules used to expose C APIs should be given a name following this convention:

[modulename.attributename }

The convenience function PyCapsule_Import () makes it easy to load a C API provided via a Capsule, but only
if the Capsule’s name matches this convention. This behavior gives C API users a high degree of certainty that the
Capsule they load contains the correct C APL.

The following example demonstrates an approach that puts most of the burden on the writer of the exporting module,
which is appropriate for commonly used library modules. It stores all C API pointers (just one in the example!) in an
array of void pointers which becomes the value of a Capsule. The header file corresponding to the module provides
a macro that takes care of importing the module and retrieving its C API pointers; client modules only have to call
this macro before accessing the C API.

The exporting module is a modification of the spam module from section A Simple Example. The function spam.
system () does not call the C library function system () directly, but a function PySpam_System (), which
would of course do something more complicated in reality (such as adding «spam» to every command). This function
PySpam_System () is also exported to other extension modules.

The function PySpam_System () is a plain C function, declared stat ic like everything else:

static int
PySpam_System (const char *command)

{

return system(command) ;

The function spam_system () is modified in a trivial way:

static PyObject *
spam_system (PyObject *self, PyObject *args)
{
const char *command;
int sts;
if (!PyArg ParseTuple (args, "s", &command))
return NULL;
sts = PySpam_System (command) ;
return PyLong_FromLong (sts);
}

In the beginning of the module, right after the line

[#include <Python.h> }

two more lines must be added:

#define SPAM _MODULE
#include "spammodule.h"

The #define is used to tell the header file that it is being included in the exporting module, not a client module.
Finally, the module’s mod_exec function must take care of initializing the C API pointer array:
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static int

spam_module_exec (PyObject *m)

{
static void *PySpam API [PySpam API_pointers];
PyObject *c_api_object;

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

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

if (PyModule_Add(m, "_C_API", c_api_object) < 0) {
return -1;

}

return 0O;

Note that PySpam_APT isdeclared st at ic; otherwise the pointer array would disappear when PyInit_spam ()
terminates!

The bulk of the work is in the header file spammodule . h, which looks like this:

#ifndef Py SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam System_NUM 0

#define PySpam_System RETURN int

#define PySpam System PROTO (const char *command)

/* Total number of C API pointers */

#define PySpam API pointers 1

#ifdef SPAM MODULE

/* This section is used when compiling spammodule.c */

static PySpam_System RETURN PySpam_System PySpam_System PROTO;

#else
/* This section is used in modules that use spammodule's API */

static void **PySpam_API;

#define PySpam_System \
(* (PySpam_System RETURN (*)PySpam_System PROTO) PySpam API[PySpam System
—NUM] )

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

(ouvéyela oty emtdpevn oehida)
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*/
static int
import_spam(void)

{
PySpam_API = (void **)PyCapsule_Import ("spam. C_API", 0);
return (PySpam_ API != NULL) 2 0 : -1;

}

#endif

#ifdef _ cplusplus

}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

All that a client module must do in order to have access to the function PySpam_System () is to call the function
(or rather macro) import_spam () inits mod_exec function:

static int
client_module_exec (PyObject *m)
{
if (import_spam() < 0) {
return -1;
s
/* additional initialization can happen here */
return O;
}

J

The main disadvantage of this approach is that the file spammodule.h is rather complicated. However, the basic
structure is the same for each function that is exported, so it has to be learned only once.

Finally it should be mentioned that Capsules offer additional functionality, which is especially useful for memory
allocation and deallocation of the pointer stored in a Capsule. The details are described in the Python/C API
Reference Manual in the section capsules and in the implementation of Capsules (files Include/pycapsule.h
and Objects/pycapsule. c in the Python source code distribution).

2.2 Defining Extension Types: Tutorial

Python allows the writer of a C extension module to define new types that can be manipulated from Python code,
much like the built-in str and 1ist types. The code for all extension types follows a pattern, but there are some
details that you need to understand before you can get started. This document is a gentle introduction to the topic.

2.2.1 The Basics

The CPython runtime sees all Python objects as variables of type PyObject *, which serves as a «base type» for
all Python objects. The PyObject structure itself only contains the object’s reference count and a pointer to the
object’s «type object». This is where the action is; the type object determines which (C) functions get called by the
interpreter when, for instance, an attribute gets looked up on an object, a method called, or it is multiplied by another
object. These C functions are called «type methods».

So, if you want to define a new extension type, you need to create a new type object.

This sort of thing can only be explained by example, so here’s a minimal, but complete, module that defines a new
type named Custom inside a C extension module custom:
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O Ihusioon

What we’re showing here is the traditional way of defining static extension types. It should be adequate for most
uses. The C API also allows defining heap-allocated extension types using the PyType_FromSpec () function,
which isn’t covered in this tutorial.

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

typedef struct {

PyObject_HEAD

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

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

bi

static int
custom_module_exec (PyObject *m)
{
if (PyType_Ready (&CustomType) < 0) {
return -1;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
return -1;

return 0;

static PyModuleDef_ Slot custom_module_slots[] = {
{Py_mod_exec, custom_module_exec},
// Just use this while using static types
{Py_mod_multiple_interpreters, Py _MOD_MULTIPLE_INTERPRETERS_NOT__
—SUPPORTED},
{0, NULL}
bi

static PyModuleDef custom_module = {
.m_base = PyModuleDef HEAD_ INIT,

.m_name = "custom",

.m_doc = "Example module that creates an extension type.",
.m_size = 0,

.m_slots = custom_module_slots,

Hi

PyMODINIT_FUNC
PyInit_ custom(wvoid)

(ouvéyela oty emtdpevn oehida)
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return PyModuleDef_ Init (&custom_module) ;

Now that’s quite a bit to take in at once, but hopefully bits will seem familiar from the previous chapter. This file
defines three things:

1. What a Custom object contains: this is the Cust omOb ject struct, which is allocated once for each Cust om
instance.

2. How the Custom type behaves: this is the CustomType struct, which defines a set of flags and function
pointers that the interpreter inspects when specific operations are requested.

3. How to define and execute the custom module: this is the PyInit_custom function and the associated
custom_module struct for defining the module, and the custom_module_exec function to set up a
fresh module object.

The first bit is:

typedef struct {
PyObject_HEAD
} CustomObiject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object struct and
defines a field called ob_base of type PyObject, containing a pointer to a type object and a reference count
(these can be accessed using the macros Py_TYPE and Py_REFCNT respectively). The reason for the macro is to
abstract away the layout and to enable additional fields in debug builds.

O Ihusioony

There is no semicolon above after the PyObject_HEAD macro. Be wary of adding one by accident: some
compilers will complain.

Of course, objects generally store additional data besides the standard PyObject_HEAD boilerplate; for example,
here is the definition for standard Python floats:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

The second bit is the definition of the type object.

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

bi

O Ihusioon

We recommend using C99-style designated initializers as above, to avoid listing all the PyTypeObject fields
that you don’t care about and also to avoid caring about the fields” declaration order.
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The actual definition of PyTypeObject in object.h has many more fields than the definition above. The
remaining fields will be filled with zeros by the C compiler, and it’s common practice to not specify them explicitly
unless you need them.

We're going to pick it apart, one field at a time:

[.ob_base = PyVarObject_ HEAD_INIT (NULL, O) }

This line is mandatory boilerplate to initialize the ob_base field mentioned above.

[.tp_name = "custom.Custom", J

The name of our type. This will appear in the default textual representation of our objects and in some error messages,
for example:

>>> "" + custom.Custom ()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "custom.Custom") to str

Note that the name is a dotted name that includes both the module name and the name of the type within the module.
The module in this case is cust om and the type is Custom, so we set the type name to custom. Custom. Using
the real dotted import path is important to make your type compatible with the pydoc and pickle modules.

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

This is so that Python knows how much memory to allocate when creating new Custom instances. tp_itemsize
is only used for variable-sized objects and should otherwise be zero.

O Iyusimon

If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its base
type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your
type firstin its __bases__, or else it will not be able to call your type’s __new__ () method without getting
an error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize thanits
base type does. Most of the time, this will be true anyway, because either your base type will be cbject, or else
you will be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_ TPFLAGS_DEFAULT.

[ .tp_flags = Py_TPFLAGS_DEFAULT,

All types should include this constant in their flags. It enables all of the members defined until at least Python 3.3. If
you need further members, you will need to OR the corresponding flags.

We provide a doc string for the type in tp_doc.

[.tpfdoc = PyDoc_STR("Custom objects"), }

To enable object creation, we have to provide a tp_new handler. This is the equivalent of the Python method
__new___ (), buthas to be specified explicitly. In this case, we can just use the default implementation provided by
the API function PyType_GenericNew ().

[.tp_new = PyType_GenericNew, }

Everything else in the file should be familiar, except for some code in custom_module_exec ():
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if (PyType_Ready (&CustomType) < 0) |
return -1;

This initializes the Custom type, filling in a number of members to the appropriate default values, including
ob_type that we initially set to NULL.

if (PyModule_ AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
return -1;

This adds the type to the module dictionary. This allows us to create Cust om instances by calling the Cust om class:

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

That’s it! All that remains is to build it; put the above code in a file called custom. c,

[build-system]
requires = ["setuptools"]
build-backend = "setuptools.build _meta"

[project]
name = "custom"
version = "1"

in a file called pyproject.toml, and

from setuptools import Extension, setup
setup (ext_modules=[Extension ("custom", ["custom.c"])])

in a file called setup . py; then typing

[$ python -m pip install . }

in a shell should produce a file custom. so in a subdirectory and install it; now fire up Python — you should be
able to import custom and play around with Custom objects.

That wasn’t so hard, was it?

Of course, the current Custom type is pretty uninteresting. It has no data and doesn’t do anything. It can’t even be
subclassed.
2.2.2 Adding data and methods to the Basic example

Let’s extend the basic example to add some data and methods. Let’s also make the type usable as a base class. We’'ll
create a new module, custom?2 that adds these capabilities:

#define PY SSIZE_T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

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

} CustomObject;

(ouvéyea otV enopEV oehida)
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static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->1last);
Py_TYPE (self)—>tp_free ((PyObject *) self);

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

s
return (PyObject *) self;

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

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

if (first) {
Py_XSETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_XSETREF (self->last, Py_NewRef (last));
}

return 0O;

static PyMemberDef Custom_members[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},

(ouvéyela otV entopevn oehida)
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{NULL} /* Sentinel */
i

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

return PyUnicode_FromFormat ("%S %S", self->first, self->last);
}
static PyMethodDef Custom_methods[] = {

{"name", (PyCFunction) Custom_name, METH_NOARGS,

"Return the name, combining the first and last name"
by
{NULL} /* Sentinel */

i

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

b

static int
custom_module_exec (PyObject *m)
{
if (PyType_Ready (&CustomType) < 0) {
return -1;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
return -1;

return O;

static PyModuleDef Slot custom _module_slots[] = {

{Py_mod_exec, custom_module_exec},

{Py_mod_multiple_interpreters, Py_MOD_MULTIPLE_INTERPRETERS_NOT_
. SUPPORTED},

(ouvéyela otV entopevn oehida)
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{0, NULL}
i

static PyModuleDef custom_module = {
.m_base = PyModuleDef HEAD_INIT,

.m_name = "custom2",

.m_doc = "Example module that creates an extension type.",
.m_size = 0,

.m_slots = custom_module_slots,

bi

PyMODINIT_FUNC
PyInit_ custom2 (void)

{
return PyModuleDef Init (&custom_module);

This version of the module has a number of changes.

The Custom type now has three data attributes in its C struct, first, last, and number. The first and last variables are
Python strings containing first and last names. The number attribute is a C integer.

The object structure is updated accordingly:

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

} CustomObject;

J

Because we now have data to manage, we have to be more careful about object allocation and deallocation. At a
minimum, we need a deallocation method:

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

which is assigned to the tp_dealloc member:

[.tp_dealloc = (destructor) Custom_dealloc, }

This method first clears the reference counts of the two Python attributes. Py_ XDECREF () correctly handles the
case where its argument is NULL (which might happen here if t p_new failed midway). It then calls the tp_free
member of the object’s type (computed by Py_TYPE (self)) to free the object’s memory. Note that the object’s
type might not be CustomType, because the object may be an instance of a subclass.

O Ihusioon

The explicit cast to destructor above is needed because we defined Custom_dealloc to take a
CustomObject * argument, but the tp_dealloc function pointer expects to receive a PyObject *
argument. Otherwise, the compiler will emit a warning. This is object-oriented polymorphism, in C!
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We want to make sure that the first and last names are initialized to empty strings, so we provide a tp_new

implementation:

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

and install it in the t p_new member:

[. tp_new = Custom_new,

]

The t p_new handler is responsible for creating (as opposed to initializing) objects of the type. It is exposed in Python
as the __new__ () method. It is not required to define a t p_new member, and indeed many extension types will

simply reuse PyType_GenericNew () as done in the first version of the Custom type above. In this case, we

use the tp_new handler to initialize the first and last attributes to non-NULL default values.

tp_new is passed the type being instantiated (not necessarily CustomType, if a subclass is instantiated) and any

arguments passed when the type was called, and is expected to return the instance created. t p_new handlers always
accept positional and keyword arguments, but they often ignore the arguments, leaving the argument handling to

initializer (a.k.a. tp_initinCor __init__ in Python) methods.

O Ihusimon

tp_new shouldn’t call tp_init explicitly, as the interpreter will do it itself.

The tp_new implementation calls the tp_alloc slot to allocate memory:

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

Since memory allocation may fail, we must check the tp_alloc result against NULL before proceeding.

O Ihusioon

We didn't fill the tp_alloc slot ourselves. Rather PyType_ Ready () fills it for us by inheriting it from our

base class, which is object by default. Most types use the default allocation strategy.

O Ihusioon

If you are creating a co-operative tp_new (one that calls a base type’s tp_new or __new___ () ), you must not
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try to determine what method to call using method resolution order at runtime. Always statically determine what
type you are going to call, and call its t p_new directly, or via t ype->tp_base—>tp_new. If you do not do
this, Python subclasses of your type that also inherit from other Python-defined classes may not work correctly.
(Specifically, you may not be able to create instances of such subclasses without getting a TypeError.)

We also define an initialization function which accepts arguments to provide initial values for our instance:

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

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

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

}

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

t

return O;

by filling the tp_init slot.

[.tp_init = (initproc) Custom_init,

The tp_init slot is exposed in Python as the __init__ () method. It is used to initialize an object after it’s
created. Initializers always accept positional and keyword arguments, and they should return either O on success or
—1 on error.

Unlike the t p_new handler, there is no guarantee that t p_init is called at all (for example, the pickle module
by defaultdoesn’tcall___init__ () onunpickled instances). It can also be called multiple times. Anyone can call the
__init__ () method on our objects. For this reason, we have to be extra careful when assigning the new attribute
values. We might be tempted, for example to assign the £irst member like this:

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

But this would be risky. Our type doesn’t restrict the type of the £irst member, so it could be any kind of object.
It could have a destructor that causes code to be executed that tries to access the £1irst member; or that destructor
could release the Global interpreter Lock and let arbitrary code run in other threads that accesses and modifies our
object.

To be paranoid and protect ourselves against this possibility, we almost always reassigh members before decrementing
their reference counts. When don’t we have to do this?
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« when we absolutely know that the reference count is greater than 1;

« when we know that deallocation of the object' will neither release the GIL nor cause any calls back into our
type’s code;

« when decrementing a reference count in a tp_dealloc handler on a type which doesn’t support cyclic
garbage collection”.

We want to expose our instance variables as attributes. There are a number of ways to do that. The simplest way is
to define member definitions:

static PyMemberDef Custom_members[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /#* Sentinel */

bi

and put the definitions in the tp_members slot:

[.tp_members = Custom_members, }

Each member definition has a member name, type, offset, access flags and documentation string. See the Generic
Attribute Management section below for details.

A disadvantage of this approach is that it doesn’t provide a way to restrict the types of objects that can be assigned
to the Python attributes. We expect the first and last names to be strings, but any Python objects can be assigned.
Further, the attributes can be deleted, setting the C pointers to NULL. Even though we can make sure the members
are initialized to non-NULL values, the members can be set to NULL if the attributes are deleted.

We define a single method, Custom.name (), that outputs the objects name as the concatenation of the first and
last names.

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

}

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

}

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

J

The method is implemented as a C function that takes a Cust om (or Cust om subclass) instance as the first argument.
Methods always take an instance as the first argument. Methods often take positional and keyword arguments as well,
but in this case we don’t take any and don’t need to accept a positional argument tuple or keyword argument dictionary.
This method is equivalent to the Python method:

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

! This is true when we know that the object is a basic type, like a string or a float.
2 We relied on this in the tp_dealloc handler in this example, because our type doesn’t support garbage collection.
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Note that we have to check for the possibility that our first and 1ast members are NULL. This is because they
can be deleted, in which case they are set to NULL. It would be better to prevent deletion of these attributes and to
restrict the attribute values to be strings. We'll see how to do that in the next section.

Now that we've defined the method, we need to create an array of method definitions:

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

Yy
{NULL} /* Sentinel */

bi

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)

and assign it to the tp_methods slot:

[.tp_methods Custom_methods, }

Finally, we’ll make our type usable as a base class for subclassing. We've written our methods carefully so far so that
they don’t make any assumptions about the type of the object being created or used, so all we need to do is to add
the Py_ TPFLAGS_BASETYPE to our class flag definition:

[.tp_flags = Py _TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE, }

We rename PyInit_custom() to PyInit_custom?2 (), update the module name in the PyModuleDef
struct, and update the full class name in the PyTypeObject struct.

Finally, we update our setup . py file to include the new module,

from setuptools import Extension, setup
setup (ext_modules=|[
Extension ("custom", ["custom.c"]),
Extension ("custom2", ["custom2.c"]),

1)

and then we re-install so that we can import custom?2:

[$ python -m pip install . }

2.2.3 Providing finer control over data attributes

In this section, we’ll provide finer control over how the first and last attributes are set in the Custom example.
In the previous version of our module, the instance variables first and last could be set to non-string values or
even deleted. We want to make sure that these attributes always contain strings.

#define PY SSIZE_T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

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

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{

(ouvéyela oty eV oehida)
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Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) —>tp_free((PyObject *) self);

static PyObject *

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

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

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

static int

Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)

{
static char *kwlist[] = {"first", "last", "number",
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|[UUi",
sfirst, &last,
&self—->number))
return -1;
if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}
return 0O;
}
static PyMemberDef Custom_members[] = {

{"number", Py_T_INT, offsetof (CustomObject, number)
"custom number"},
{NULL} /* Sentinel */

bi

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

{

return Py_NewRef (self->first);

NULL};

kwlist,

0,
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36 Kegahaio 2. Creating extensions without third party tools



Extending and Embedding Python, Anpooicuon 3.13.7

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)

{

if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute
=)
return -1;
}

if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_SETREF (self->first, Py_NewRef (value));
return 0O;

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

{
return Py_NewRef (self->last);

static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)

{

if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute
="
return -1;
}

if (!PyUnicode_Check (value)) {
PyErr_ SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_SETREF (self->last, Py_NewRef (value));
return 0;

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */

bi

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

return PyUnicode_FromFormat ("%S %S", self->first, self->last);
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static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
} 4
{NULL} /* Sentinel */
bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR ("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

b

static int
custom_module_exec (PyObject *m)
{
if (PyType_Ready (&CustomType) < 0) {
return -1;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
return -1;

return O;

static PyModuleDef Slot custom _module_slots[] = {

{Py_mod_exec, custom_module_exec},

{Py_mod_multiple_interpreters, Py_MOD_MULTIPLE_INTERPRETERS_NOT_
<. SUPPORTED},

{0, NULL}
bi

static PyModuleDef custom_module = {
.m_base = PyModuleDef HEAD_INIT,

.m_name = "custom3",

.m_doc = "Example module that creates an extension type.",
.m_size = 0,

.m_slots = custom_module_slots,

bi

PyMODINIT_FUNC
PyInit_custom3 (void)
{

return PyModuleDef_ TInit (&custom_module) ;
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To provide greater control, over the first and last attributes, we’ll use custom getter and setter functions. Here
are the functions for getting and setting the £irst attribute:

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

Py_INCREF (self->first);

return self->first;

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

return -1;

if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0O;

The getter function is passed a Custom object and a «closure», which is a void pointer. In this case, the closure
is ignored. (The closure supports an advanced usage in which definition data is passed to the getter and setter. This
could, for example, be used to allow a single set of getter and setter functions that decide the attribute to get or set
based on data in the closure.)

The setter function is passed the Custom object, the new value, and the closure. The new value may be NULL, in
which case the attribute is being deleted. In our setter, we raise an error if the attribute is deleted or if its new value
is not a string.

We create an array of PyGet SetDef structures:

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */

bi

and register it in the tp_getset slot:

[.tp_getset = Custom_getsetters, }

The last item in a PyGet SetDe £ structure is the «closure» mentioned above. In this case, we aren’t using a closure,
S0 we just pass NULL.

‘We also remove the member definitions for these attributes:
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static PyMemberDef Custom_members[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */

bi

We also need to update the t p_init handler to only allow strings® to be passed:

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

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

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

}

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

}

return 0O;

With these changes, we can assure that the first and last members are never NULL so we can remove checks
for NULL values in almost all cases. This means that most of the Py_XDECREF () calls can be converted to
Py_DECREF () calls. The only place we can’t change these calls is in the tp_dealloc implementation, where
there is the possibility that the initialization of these members failed in tp_new.

‘We also rename the module initialization function and module name in the initialization function, as we did before,
and we add an extra definition to the setup . py file.

2.2.4 Supporting cyclic garbage collection

Python has a cyclic garbage collector (GC) that can identify unneeded objects even when their reference counts are
not zero. This can happen when objects are involved in cycles. For example, consider:

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

In this example, we create a list that contains itself. When we delete it, it still has a reference from itself. Its reference
count doesn’t drop to zero. Fortunately, Python’s cyclic garbage collector will eventually figure out that the list is
garbage and free it.

3 We now know that the first and last members are strings, so perhaps we could be less careful about decrementing their reference counts,
however, we accept instances of string subclasses. Even though deallocating normal strings won’t call back into our objects, we can’t guarantee
that deallocating an instance of a string subclass won’t call back into our objects.
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In the second version of the Custom example, we allowed any kind of object to be stored in the first or last
attributes”. Besides, in the second and third versions, we allowed subclassing Custom, and subclasses may add
arbitrary attributes. For any of those two reasons, Cust om objects can participate in cycles:

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

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

To allow a Custom instance participating in a reference cycle to be properly detected and collected by the cyclic
GC, our Custom type needs to fill two additional slots and to enable a flag that enables these slots:

#define PY_SSIZE_T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

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

} CustomObject;

static int
Custom_traverse (CustomObject *self, wvisitproc visit, wvoid *arg)
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

static int
Custom_clear (CustomObject *self)

{
Py_CLEAR (self->first);
Py_CLEAR (self->1last);
return 0O;

}

static wvoid
Custom_dealloc (CustomObject *self)

{

PyObject_GC_UnTrack (self);

Custom_clear (self);

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

(OUVEYELD TNV ETTOUEVT] GEMDOL)

4 Also, even with our attributes restricted to strings instances, the user could pass arbitrary st r subclasses and therefore still create reference
cycles.
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Py_DECREF (self);
return NULL;

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

s
return (PyObject *) self;

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

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

if (first) {
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}

return 0O;

static PyMemberDef Custom_members[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi

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

{

return Py NewRef (self->first);

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)

{

if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute
=)
return -1;
}

if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");

(ouvéyela otV entopevn oehida)
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return -1;

t
Py_XSETREF (self->first, Py_NewRef (value));

return O;

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

{
return Py NewRef (self->last);

static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)

{

if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute
=");
return -1;
}

if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_XSETREF (self->last, Py_NewRef (value));
return 0O;

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi

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

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

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

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,

(ouvéyela otV entopevn oehida)
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.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_

—GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static int
custom_module_exec (PyObject *m)
{
if (PyType_Ready (&CustomType) < 0) {
return -1;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0)
return -1;

return O;

static PyModuleDef Slot custom module_slots[] = {

{Py_mod_exec, custom_module_exec},

{Py_mod_multiple_interpreters, Py_MOD_MULTIPLE_INTERPRETERS_NOT__
. SUPPORTED},

{0, NULL}
bi
static PyModuleDef custom_module = {
.m_base = PyModuleDef HEAD_INIT,
.m_name = "custom4",
.m_doc = "Example module that creates an extension type.",
.m_size = 0,
.m_slots = custom_module_slots,

bi

PyMODINIT_FUNC
PyInit_custom4 (void)
{

return PyModuleDef_ Init (&custom_module);

First, the traversal method lets the cyclic GC know about subobjects that could participate in cycles:

static int
Custom_traverse (CustomObject *self, visitproc visit, woid *arqg)
{
int vret;
if (self->first) {
vret = visit(self->first, argqg);
if (vret != 0)

(ouvéyela oty emtopevn oehida)
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return vret;
h
if (self->last) {
vret = visit(self->last, arg);
if (vret != 0)
return vret;
t

return O;

For each subobject that can participate in cycles, we need to call the visit () function, which is passed to the
traversal method. The visit () function takes as arguments the subobject and the extra argument arg passed to the
traversal method. It returns an integer value that must be returned if it is non-zero.

Python provides a Py_VISIT () macro that automates calling visit functions. With Py_VISIT (), we can
minimize the amount of boilerplate in Custom_traverse:

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

Py _VISIT (self->first);

Py_VISIT (self->last);

return 0;

O Ihusioon

The tp_traverse implementation must name its arguments exactly visit and arg in order to use
Py _VISIT().

Second, we need to provide a method for clearing any subobjects that can participate in cycles:

static int
Custom_clear (CustomObject *self)

{
Py_CLEAR (self->first);
Py_CLEAR (self->last);
return O;

}

Notice the use of the Py_CLEAR () macro. It is the recommended and safe way to clear data attributes of arbitrary
types while decrementing their reference counts. If you were to call Py_XDECREF () instead on the attribute before
setting it to NULL, there is a possibility that the attribute’s destructor would call back into code that reads the attribute
again (especially if there is a reference cycle).

O Ihusioon

You could emulate Py_ CLEAR () by writing:

PyObject *tmp;

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

Nevertheless, it is much easier and less error-prone to always use Py_ CLEAR () when deleting an attribute. Don’t
try to micro-optimize at the expense of robustness!
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The deallocator Custom_dealloc may call arbitrary code when clearing attributes. It means the circular GC can
be triggered inside the function. Since the GC assumes reference count is not zero, we need to untrack the object from
the GC by calling PyObject_GC_UnTrack () before clearing members. Here is our reimplemented deallocator
using PyObject_GC_UnTrack () and Custom_clear

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

Finally, we add the Py_ TPFLAGS_HAVE_ GC flag to the class flags:

[.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC, J

That’s pretty much it. If we had written custom tp_alloc or tp_free handlers, we'd need to modify them for
cyclic garbage collection. Most extensions will use the versions automatically provided.

2.2.5 Subclassing other types

It is possible to create new extension types that are derived from existing types. It is easiest to inherit from the
built in types, since an extension can easily use the PyTypeObject it needs. It can be difficult to share these
PyTypeObject structures between extension modules.

In this example we will create a SubList type that inherits from the built-in 1ist type. The new type will be
completely compatible with regular lists, but will have an additional increment () method that increases an
internal counter:

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

>>> print (s.increment ())

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

typedef struct ({
PyListObject list;
int state;

} SubListObject;

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

{

self->state++;

return PylLong_FromLong (self->state);
}
static PyMethodDef SubList_methods[] = {

{"increment", (PyCFunction) SubList_increment, METH_NOARGS,
PyDoc_STR("increment state counter") },
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46 Kegahaio 2. Creating extensions without third party tools




Extending and Embedding Python, Anpooicuon 3.13.7

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
{NULL},
i

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

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

static int
sublist_module_exec (PyObject *m)
{
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0) {
return -1;

if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) <.
<0) {
return -1;

return 0O;

static PyModuleDef_ Slot sublist_module_slots[] = {
{Py_mod_exec, sublist_module_exec},
{Py_mod_multiple_interpreters, Py_MOD_MULTIPLE_INTERPRETERS_NOT__
—SUPPORTED},
{0, NULL}
bi

static PyModuleDef sublist_module = {
.m_base = PyModuleDef HEAD_INIT,

.m_name = "sublist",

.m_doc = "Example module that creates an extension type.",
.m_size = 0,

.m_slots = sublist_module_slots,

bi

PyMODINIT_FUNC
PyInit_sublist (void)
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return PyModuleDef_ TInit (&sublist_module);

As you can see, the source code closely resembles the Cust om examples in previous sections. We will break down
the main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

The primary difference for derived type objects is that the base type’s object structure must be the first value. The
base type will already include the PyObject_HEAD () at the beginning of its structure.

When a Python objectis a SubList instance, its PyObject * pointer can be safely cast toboth PyListObject
* and SubListObject *:

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

We see above how to call through tothe __init__ () method of the base type.

This pattern is important when writing a type with custom tp_new and tp_dealloc members. The tp_new
handler should not actually create the memory for the object with its tp_alloc, but let the base class handle it by
calling its own tp_new.

The PyTypeObject struct supports a tp_base specifying the type’s concrete base class. Due to cross-platform
compiler issues, you can’t fill that field directly with a reference to PyList_Type; it should be done in the
Py_mod_exec function:

static int
sublist_module_exec (PyObject *m)

{
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0) {
return -1;
}
if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) <.
-0) {
return -1;
}
return 0;
}

Before calling PyType_Ready (), the type structure must have the tp_base slot filled in. When we are deriving
an existing type, it is not necessary to fill out the tp_alloc slot with PyType_GenericNew () - the allocation
function from the base type will be inherited.

After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic
Custom examples.
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2.3 Defining Extension Types: Assorted Topics

This section aims to give a quick fly-by on the various type methods you can implement and what they do.

Here is the definition of PyTypeObject, with some fields only used in debug builds omitted:

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;

/* Iterators */

(ouvéyela oty eV oehida)
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getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// 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;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;

} PyTypeObject;

J

Now that’s a lot of methods. Don’t worry too much though - if you have a type you want to define, the chances are
very good that you will only implement a handful of these.

As you probably expect by now, we’'re going to go over this and give more information about the various handlers.
We won't go in the order they are defined in the structure, because there is a lot of historical baggage that impacts
the ordering of the fields. It’s often easiest to find an example that includes the fields you need and then change the
values to suit your new type.

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

]

The name of the type - as mentioned in the previous chapter, this will appear in various places, almost entirely for
diagnostic purposes. Try to choose something that will be helpful in such a situation!

[nyssizeft tp_basicsize, tp_itemsize; /* For allocation */

J

These fields tell the runtime how much memory to allocate when new objects of this type are created. Python has
some built-in support for variable length structures (think: strings, tuples) which is where the tp_itemsize field
comes in. This will be dealt with later.

[const char *tp_doc;

Here you can put a string (or its address) that you want returned when the Python script references obj._ _doc___
to retrieve the doc string.
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Now we come to the basic type methods — the ones most extension types will implement.

2.3.1 Finalization and De-allocation

[destructor tp_dealloc; }

This function is called when the reference count of the instance of your type is reduced to zero and the Python
interpreter wants to reclaim it. If your type has memory to free or other clean-up to perform, you can put it here. The
object itself needs to be freed here as well. Here is an example of this function:

static void

newdatatype_dealloc (newdatatypeobject *obj)

{
free (obj—>0obj_UnderlyingDatatypePtr);
Py_TYPE (obj) —>tp_free ((PyObject *)obj);

J

If your type supports garbage collection, the destructor should call PyObject_GC_UnTrack () before clearing
any member fields:

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

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

J

One important requirement of the deallocator function is that it leaves any pending exceptions alone. This is important
since deallocators are frequently called as the interpreter unwinds the Python stack; when the stack is unwound due to
an exception (rather than normal returns), nothing is done to protect the deallocators from seeing that an exception has
already been set. Any actions which a deallocator performs which may cause additional Python code to be executed
may detect that an exception has been set. This can lead to misleading errors from the interpreter. The proper way
to protect against this is to save a pending exception before performing the unsafe action, and restoring it when done.
This can be done using the PyErr_Fetch () and PyErr_Restore () functions:

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr WriteUnraisable (self->my_callback) ;
else

Py_DECREF (cbresult) ;

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

(ouvéyela oty eV oehida)
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Py_DECREF (self->my_callback);

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

O Ihusioon

There are limitations to what you can safely do in a deallocator function. First, if your type supports garbage
collection (using tp_traverse and/or tp_clear), some of the object’s members can have been cleared or
finalized by the time tp_dealloc is called. Second, in tp_dealloc, your object is in an unstable state: its
reference count is equal to zero. Any call to a non-trivial object or API (as in the example above) might end up
calling tp_dealloc again, causing a double free and a crash.

Starting with Python 3.4, it is recommended not to put any complex finalization code in tp_dealloc, and
instead use the new tp_finalize type method.
e Acire emiong

PEP 442 explains the new finalization scheme.

2.3.2 Object Presentation

In Python, there are two ways to generate a textual representation of an object: the repr () function, and the str ()
function. (The print () function just calls str ().) These handlers are both optional.

reprfunc tp_repr;
reprfunc tp_str;

The tp_repr handler should return a string object containing a representation of the instance for which it is called.
Here is a simple example:

static PyObject *
newdatatype_repr (newdatatypeobject *obj)
{
return PyUnicode_FromFormat ("Repr—-ified newdatatype{{size:%d}}",
obj—>0obj_UnderlyingDatatypePtr->size);

If no tp_repr handler is specified, the interpreter will supply a representation that uses the type’s tp_name and
a uniquely identifying value for the object.

The tp_str handler is to str () what the tp_repr handler described above is to repr () ; that is, it is called
when Python code calls st r () on an instance of your object. Its implementation is very similar to the tp_repr
function, but the resulting string is intended for human consumption. If tp_str is not specified, the tp_repr
handler is used instead.

Here is a simple example:

static PyObject *
newdatatype_str (newdatatypeobject *obj)
{
return PyUnicode_FromFormat ("Stringified_newdatatype{{size:%d}}",
obj—>0obj_UnderlyingDatatypePtr->size);
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2.3.3 Attribute Management

For every object which can support attributes, the corresponding type must provide the functions that control how the
attributes are resolved. There needs to be a function which can retrieve attributes (if any are defined), and another to
set attributes (if setting attributes is allowed). Removing an attribute is a special case, for which the new value passed
to the handler is NULL.

Python supports two pairs of attribute handlers; a type that supports attributes only needs to implement the functions
for one pair. The difference is that one pair takes the name of the attribute as a char*, while the other accepts a
PyObject*. Each type can use whichever pair makes more sense for the implementation’s convenience.

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

/% coo BY

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

If accessing attributes of an object is always a simple operation (this will be explained shortly), there are generic
implementations which can be used to provide the PyOb ject * version of the attribute management functions. The
actual need for type-specific attribute handlers almost completely disappeared starting with Python 2.2, though there
are many examples which have not been updated to use some of the new generic mechanism that is available.

Generic Attribute Management

Most extension types only use simple attributes. So, what makes the attributes simple? There are only a couple of
conditions that must be met:

1. The name of the attributes must be known when Py Type_Ready () is called.

2. No special processing is needed to record that an attribute was looked up or set, nor do actions need to be taken
based on the value.

Note that this list does not place any restrictions on the values of the attributes, when the values are computed, or
how relevant data is stored.

When PyType_Ready () is called, it uses three tables referenced by the type object to create descriptors which
are placed in the dictionary of the type object. Each descriptor controls access to one attribute of the instance object.
Each of the tables is optional; if all three are NULL, instances of the type will only have attributes that are inherited
from their base type, and should leave the tp_getattro and tp_setattro fields NULL as well, allowing the
base type to handle attributes.

The tables are declared as three fields of the type object:

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

If tp_methods is not NULL, it must refer to an array of PyMethodDef structures. Each entry in the table is an
instance of this structure:

typedef struct PyMethodDef {

const char *ml_name; /* method name */
PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char *ml_doc; /* docstring */

} PyMethodDef;

One entry should be defined for each method provided by the type; no entries are needed for methods inherited from
a base type. One additional entry is needed at the end; it is a sentinel that marks the end of the array. The m1_name
field of the sentinel must be NULL.

The second table is used to define attributes which map directly to data stored in the instance. A variety of primitive
C types are supported, and access may be read-only or read-write. The structures in the table are defined as:
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typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

J

For each entry in the table, a descriptor will be constructed and added to the type which will be able to extract a
value from the instance structure. The t ype field should contain a type code like Py_T_INT or Py_T_DOUBLE;
the value will be used to determine how to convert Python values to and from C values. The £1ags field is used to
store flags which control how the attribute can be accessed: you can set it to Py_READONLY to prevent Python code
from setting it.

An interesting advantage of using the t p_members table to build descriptors that are used at runtime is that any
attribute defined this way can have an associated doc string simply by providing the text in the table. An application
can use the introspection API to retrieve the descriptor from the class object, and get the doc string usingits __doc___
attribute.

As with the tp_methods table, a sentinel entry with a m1_name value of NULL is required.

Type-specific Attribute Management

For simplicity, only the char* version will be demonstrated here; the type of the name parameter is the only
difference between the char* and PyObject* flavors of the interface. This example effectively does the same
thing as the generic example above, but does not use the generic support added in Python 2.2. It explains how the
handler functions are called, so that if you do need to extend their functionality, you’ll understand what needs to be
done.

The tp_getattr handler is called when the object requires an attribute look-up. It is called in the same situations
where the __getattr__ () method of a class would be called.

Here is an example:

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{
if (strcmp (name, "data") == 0)
{
return PylLong_FromLong (obj—>data);
}
PyErr Format (PyExc_AttributeError,
"'%.100s' object has no attribute '%.400s'",
Py_TYPE (obj) —>tp_name, name) ;
return NULL;
} J
The tp_setattr handleris called whenthe __setattr__ () or__delattr__ () method of a class instance

would be called. When an attribute should be deleted, the third parameter will be NULL. Here is an example that
simply raises an exception; if this were really all you wanted, the t p_setattr handler should be set to NULL.

static int

newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)

{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: %s", name);
return -1;
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2.3.4 Object Comparison

[richcmpfunc tp_richcompare;

The tp_richcompare handler is called when comparisons are needed. It is analogous to the
rich comparison methods, like _ 1t (), and also called by PyObject_RichCompare () and
PyObject_RichCompareBool ().

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

Here is a sample implementation, for a datatype that is considered equal if the size of an internal pointer is equal:

static PyObject *
newdatatype_richcmp (newdatatypeobject *objl, newdatatypeobject *obj2, int.
—0p)
{
PyObject *result;
int c, sizel, size2;
/* code to make sure that both arguments are of type
newdatatype omitted */
sizel = objl->o0bj_UnderlyingDatatypePtr->size;
size2 = obj2->o0bj_UnderlyingDatatypePtr->size;
switch (op) {
case : ¢ = sizel < size2; break;
case c = sizel <= size2; break;
case : ¢ = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;
}
result = ¢ ? Py_True : Py _False;
Py_INCREF (result) ;
return result;
}

2.3.5 Abstract Protocol Support

Python supports a variety of abstract “protocols;” the specific interfaces provided to use these interfaces are
documented in abstract.

A number of these abstract interfaces were defined early in the development of the Python implementation. In
particular, the number, mapping, and sequence protocols have been part of Python since the beginning. Other
protocols have been added over time. For protocols which depend on several handler routines from the type
implementation, the older protocols have been defined as optional blocks of handlers referenced by the type object.
For newer protocols there are additional slots in the main type object, with a flag bit being set to indicate that the
slots are present and should be checked by the interpreter. (The flag bit does not indicate that the slot values are
non-NULL. The flag may be set to indicate the presence of a slot, but a slot may still be unfilled.)

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;
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If you wish your object to be able to act like a number, a sequence, or a mapping object, then you place the address of a
structure that implements the C type PyNumberMethods, PySequenceMethods, or PyMappingMethods,
respectively. It is up to you to fill in this structure with appropriate values. You can find examples of the use of each
of these in the Objects directory of the Python source distribution.

[hashfunc tp_hash; J

This function, if you choose to provide it, should return a hash number for an instance of your data type. Here is a
simple example:

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{
Py_hash_t result;
result = obj->some_size + 32767 * obj->some_number;
if (result == -1)
result = -2;
return result;
}

Py_hash_t is a signed integer type with a platform-varying width. Returning —1 from tp_hash indicates an
error, which is why you should be careful to avoid returning it when hash computation is successful, as seen above.

[ternaryfunc tp_call; ]

This function is called when an instance of your data type is «called», for example, if ob7j1 is an instance of your
data type and the Python script contains obj1 ('hello"'), the tp_call handler is invoked.

This function takes three arguments:

1. self is the instance of the data type which is the subject of the call. If the call is obj1 ('hello'), then self
is obj1.
2. args is a tuple containing the arguments to the call. You can use PyArg_ParseTuple () to extract the

arguments.

3. kwds is a dictionary of keyword arguments that were passed. If this is non-NULL and you support keyword
arguments, use PyArg_ParseTupleAndKeywords () to extract the arguments. If you do not want to
support keyword arguments and this is non-NULL, raise a TypeError with a message saying that keyword
arguments are not supported.

Here is a toy tp_call implementation:

static PyObject *
newdatatype_call (newdatatypeobject *obj, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

result = PyUnicode_FromFormat (
"Returning —-- value: [%d] argl: [%s] arg2: [%s] arg3: [%s]\n",
obj—>0bj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);

return result;
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/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

These functions provide support for the iterator protocol. Both handlers take exactly one parameter, the instance for
which they are being called, and return a new reference. In the case of an error, they should set an exception and
return NULL. tp_iter corresponds to the Python _ iter () method, while tp_iternext corresponds to
the Python ___next__ () method.

Any iterable object must implement the tp_iter handler, which must return an iterator object. Here the same
guidelines apply as for Python classes:

« For collections (such as lists and tuples) which can support multiple independent iterators, a new iterator should
be created and returned by each callto tp_iter.

« Objects which can only be iterated over once (usually due to side effects of iteration, such as file objects) can
implement tp_iter by returning a new reference to themselves — and should also therefore implement the
tp_iternext handler.

Any iterator object should implement both tp_iter and tp_iternext. An iterator’s t p_iter handler should
return a new reference to the iterator. Its tp_iternext handler should return a new reference to the next object in
the iteration, if there is one. If the iteration has reached the end, t p_ it ernext may return NULL without setting an
exception, or it may set StopIteration in addition to returning NULL; avoiding the exception can yield slightly
better performance. If an actual error occurs, tp_iternext should always set an exception and return NULL.

2.3.6 Weak Reference Support

One of the goals of Python’s weak reference implementation is to allow any type to participate in the weak reference
mechanism without incurring the overhead on performance-critical objects (such as numbers).

e Agite emiong
Documentation for the weakref module.

For an object to be weakly referenceable, the extension type must set the Py_ TPFLAGS_MANAGED_WEAKREF bit
of the tp_flags field. The legacy tp_weaklistoffset field should be left as zero.

Concretely, here is how the statically declared type object would look:

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, O)
/* ... other members omitted for brevity ... */
.tp_flags = Py_TPFLAGS_MANAGED_WEAKREF | ...,
bi

The only further addition is that tp_dealloc needs to clear any weak references (by calling
PyObject_ClearWeakRefs ()):

static wvoid
Trivial_dealloc (TrivialObject *self)

{
/* Clear weakrefs first before calling any destructors */
PyObject_ClearWeakRefs ((PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */
Py_TYPE (self) —>tp_free ((PyObject *) self);

}
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2.3.7 More Suggestions

In order to learn how to implement any specific method for your new data type, get the CPython source code.
Go to the Objects directory, then search the C source files for tp_ plus the function you want (for example,
tp_richcompare). You will find examples of the function you want to implement.

When you need to verify that an object is a concrete instance of the type you are implementing, use the
PyObject_TypeCheck () function. A sample of its use might be something like the following:

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

e Agite emiong

Download CPython source releases.
https://www.python.org/downloads/source/

The CPython project on GitHub, where the CPython source code is developed.
https://github.com/python/cpython

2.4 Building C and C++ Extensions
A C extension for CPython is a shared library (e.g. a . so file on Linux, .pyd on Windows), which exports an
initialization function.

To be importable, the shared library must be available on PYTHONPATH, and must be named after the module name,
with an appropriate extension. When using setuptools, the correct filename is generated automatically.

The initialization function has the signature:

PyObject *PyInit_modulename (void)

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

For modules with ASCII-only names, the function must be named PyInit_<name>, with <name> replaced by
the name of the module. When using multi-phase-initialization, non-ASCII module names are allowed. In this case,
the initialization function name is Py InitU_<name>, with <name> encoded using Python’s punycode encoding
with hyphens replaced by underscores. In Python:

def initfunc_name (name) :

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

return b'PyInit' + suffix

It is possible to export multiple modules from a single shared library by defining multiple initialization functions.
However, importing them requires using symbolic links or a custom importer, because by default only the function
corresponding to the filename is found. See the «Multiple modules in one library» section in PEP 489 for details.

2.4.1 Building C and C++ Extensions with setuptools

Python 3.12 and newer no longer come with distutils. Please refer to the setuptools documentation at https:
/Isetuptools.readthedocs.io/en/latest/setuptools.html to learn more about how build and distribute C/C++ extensions
with setuptools.
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2.5 Building C and C++ Extensions on Windows

This chapter briefly explains how to create a Windows extension module for Python using Microsoft Visual C++,
and follows with more detailed background information on how it works. The explanatory material is useful for both
the Windows programmer learning to build Python extensions and the Unix programmer interested in producing
software which can be successfully built on both Unix and Windows.

Module authors are encouraged to use the distutils approach for building extension modules, instead of the one
described in this section. You will still need the C compiler that was used to build Python; typically Microsoft Visual
C++.

O Ihusioon

This chapter mentions a number of filenames that include an encoded Python version number. These filenames
are represented with the version number shown as XY; in practice, 'X"' will be the major version number and
'Y " will be the minor version number of the Python release you're working with. For example, if you are using
Python 2.2.1, XY will actually be 22.

2.5.1 A Cookbook Approach

There are two approaches to building extension modules on Windows, just as there are on Unix: use the
setuptools package to control the build process, or do things manually. The setuptools approach works well
for most extensions; documentation on using setuptools to build and package extension modules is available in
Building C and C++ Extensions with setuptools. If you find you really need to do things manually, it may be instructive
to study the project file for the winsound standard library module.

2.5.2 Differences Between Unix and Windows

Unix and Windows use completely different paradigms for run-time loading of code. Before you try to build a module
that can be dynamically loaded, be aware of how your system works.

In Unix, a shared object (. so) file contains code to be used by the program, and also the names of functions and
data that it expects to find in the program. When the file is joined to the program, all references to those functions
and data in the file’s code are changed to point to the actual locations in the program where the functions and data
are placed in memory. This is basically a link operation.

In Windows, a dynamic-link library (. d11) file has no dangling references. Instead, an access to functions or data
goes through a lookup table. So the DLL code does not have to be fixed up at runtime to refer to the program’s
memory; instead, the code already uses the DLL’s lookup table, and the lookup table is modified at runtime to point
to the functions and data.

In Unix, there is only one type of library file (. a) which contains code from several object files (. 0). During the link
step to create a shared object file (. so), the linker may find that it doesn’t know where an identifier is defined. The
linker will look for it in the object files in the libraries; if it finds it, it will include all the code from that object file.

In Windows, there are two types of library, a static library and an import library (both called . 1ib). A static library
is like a Unix . a file; it contains code to be included as necessary. An import library is basically used only to reassure
the linker that a certain identifier is legal, and will be present in the program when the DLL is loaded. So the linker
uses the information from the import library to build the lookup table for using identifiers that are not included in the
DLL. When an application or a DLL is linked, an import library may be generated, which will need to be used for
all future DLLs that depend on the symbols in the application or DLL.

Suppose you are building two dynamic-load modules, B and C, which should share another block of code A. On
Unix, you would not pass A. a to the linker for B. so and C. so; that would cause it to be included twice, so that B
and C would each have their own copy. In Windows, building A.d11 will also build 2. 1ib. You do pass A.1ib
to the linker for B and C. A. 1ib does not contain code; it just contains information which will be used at runtime
to access A’s code.

In Windows, using an import library is sort of like using import spam; it gives you access to spam’s names, but
does not create a separate copy. On Unix, linking with a library is more like from spam import *;itdoes
create a separate copy.
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2.5.3 Using DLLs in Practice

Windows Python is built in Microsoft Visual C++; using other compilers may or may not work. The rest of this
section is MSVC++ specific.

When creating DLLs in Windows, you must pass pythonXY . 1ib to the linker. To build two DLLs, spam and ni
(which uses C functions found in spam), you could use these commands:

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

The first command created three files: spam.obj, spam.dll and spam.lib. Spam.dl1l does not contain
any Python functions (such as PyArg_ParseTuple ()), but it does know how to find the Python code thanks to
pythonXY.lib.

The second command created ni.d11 (and .obj and . 1ib), which knows how to find the necessary functions
from spam, and also from the Python executable.

Not every identifier is exported to the lookup table. If you want any other modules (including Python) to be able
to see your identifiers, you have to say _declspec (dllexport), asin void _declspec (dllexport)
initspam(void) or PyObject _declspec(dllexport) *NiGetSpamData (void).

Developer Studio will throw in a lot of import libraries that you do not really need, adding about 100K to your
executable. To get rid of them, use the Project Settings dialog, Link tab, to specify ignore default libraries. Add the
correct msvcertxx. 1ib to the list of libraries.
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KEGANAIO 3

Embedding the CPython runtime in a larger application

Sometimes, rather than creating an extension that runs inside the Python interpreter as the main application, it is
desirable to instead embed the CPython runtime inside a larger application. This section covers some of the details
involved in doing that successfully.

3.1 Embedding Python in Another Application

The previous chapters discussed how to extend Python, that is, how to extend the functionality of Python by attaching
a library of C functions to it. It is also possible to do it the other way around: enrich your C/C++ application by
embedding Python in it. Embedding provides your application with the ability to implement some of the functionality
of your application in Python rather than C or C++. This can be used for many purposes; one example would be to
allow users to tailor the application to their needs by writing some scripts in Python. You can also use it yourself if
some of the functionality can be written in Python more easily.

Embedding Python is similar to extending it, but not quite. The difference is that when you extend Python, the main
program of the application is still the Python interpreter, while if you embed Python, the main program may have
nothing to do with Python — instead, some parts of the application occasionally call the Python interpreter to run
some Python code.

So if you are embedding Python, you are providing your own main program. One of the things this main program
has to do is initialize the Python interpreter. At the very least, you have to call the function Py_Initialize ().
There are optional calls to pass command line arguments to Python. Then later you can call the interpreter from any
part of the application.

There are several different ways to call the interpreter: you can pass a string containing Python statements to
PyRun_SimpleString (), or youcan pass a stdio file pointer and a file name (for identification in error messages
only) to PyRun_SimpleFile (). You can also call the lower-level operations described in the previous chapters
to construct and use Python objects.

e Acire emiong
c-api-index

The details of Python’s C interface are given in this manual. A great deal of necessary information can be
found here.

61



Extending and Embedding Python, Anpooicuon 3.13.7

3.1.1 Very High Level Embedding

The simplest form of embedding Python is the use of the very high level interface. This interface is intended to
execute a Python script without needing to interact with the application directly. This can for example be used to
perform some operation on a file.

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

int
main (int argc, char *argv|[])
{
PyStatus status;
PyConfig config;
PyConfig InitPythonConfig(&confiqg);

/* optional but recommended */
status = PyConfig_SetBytesString(&config, &config.program_name, .
—argv[0]);
if (PyStatus_Exception(status)) {
goto exception;

status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) {
goto exception;

t
PyConfig Clear (&confiqg) ;

PyRun_SimpleString("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}

return O;

exception:
PyConfig_Clear (&config);
Py_ExitStatusException (status);

O Ihusioon

#define PY_SSIZE_T_CLEAN was used to indicate that Py_ssize_t should be used in some APIs
instead of int. It is not necessary since Python 3.13, but we keep it here for backward compatibility. See arg-
parsing-string-and-buffers for a description of this macro.

Setting PyConfig.program_name should be called before Py_InitializeFromConfig () to inform
the interpreter about paths to Python run-time libraries. Next, the Python interpreter is initialized with
Py_Initialize (), followed by the execution of a hard-coded Python script that prints the date and time.
Afterwards, the Py_FinalizeEx () call shuts the interpreter down, followed by the end of the program. In a
real program, you may want to get the Python script from another source, perhaps a text-editor routine, a file, or a
database. Getting the Python code from a file can better be done by using the PyRun_SimpleFile () function,
which saves you the trouble of allocating memory space and loading the file contents.
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3.1.2 Beyond Very High Level Embedding: An overview

The high level interface gives you the ability to execute arbitrary pieces of Python code from your application, but
exchanging data values is quite cumbersome to say the least. If you want that, you should use lower level calls. At the
cost of having to write more C code, you can achieve almost anything.

It should be noted that extending Python and embedding Python is quite the same activity, despite the different intent.
Most topics discussed in the previous chapters are still valid. To show this, consider what the extension code from
Python to C really does:

1. Convert data values from Python to C,
2. Perform a function call to a C routine using the converted values, and
3. Convert the data values from the call from C to Python.
When embedding Python, the interface code does:
1. Convert data values from C to Python,
2. Perform a function call to a Python interface routine using the converted values, and
3. Convert the data values from the call from Python to C.

As you can see, the data conversion steps are simply swapped to accommodate the different direction of the cross-
language transfer. The only difference is the routine that you call between both data conversions. When extending,
you call a C routine, when embedding, you call a Python routine.

This chapter will not discuss how to convert data from Python to C and vice versa. Also, proper use of references
and dealing with errors is assumed to be understood. Since these aspects do not differ from extending the interpreter,
you can refer to earlier chapters for the required information.

3.1.3 Pure Embedding

The first program aims to execute a function in a Python script. Like in the section about the very high level interface,
the Python interpreter does not directly interact with the application (but that will change in the next section).

The code to run a function defined in a Python script is:

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

int

main (int argc, char *argv[])

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

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

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

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString(pModule, argv[2]);

(OuvEyELa OTNV ETTOUEVT] GENMDOL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

/* pFunc is a new reference */

if (pFunc && PyCallable_Check (pFunc)) A
PArgs = PyTuple_New(argc - 3);
for (i = 0; i < argc - 3; ++i) {
pValue = PyLong_FromLong (atoi (argv[i + 31));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");

return 1;

}

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

}
I3
else {
if (PyErr_ Occurred())
PyErr_Print () ;
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
I3

Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;

I3

else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1]);
return 1;

s

if (Py_FinalizeEx() < 0) {
return 120;

}

return O;

This code loads a Python script using argv [1], and calls the function named in argv [2]. Its integer arguments
are the other values of the argv array. If you compile and link this program (let’s call the finished executable call),

and use it to execute a Python script, such as:

def multiply(a,b):
print ("Will compute", a, "times", b)
c =0
for i in range (0, a):
(ouvéyela oty emtopevn oehida)
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c=c¢c+b
return c

then the result should be:

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

Although the program is quite large for its functionality, most of the code is for data conversion between Python and
C, and for error reporting. The interesting part with respect to embedding Python starts with

Py_Initialize();

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

After initializing the interpreter, the script is loaded using Py Import_Import (). This routine needs a Python
string as its argument, which is constructed using the PyUnicode_DecodeFSDefault () data conversion
routine.

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

Once the script is loaded, the name we’re looking for is retrieved using PyObject_GetAttrString (). If the
name exists, and the object returned is callable, you can safely assume that it is a function. The program then proceeds
by constructing a tuple of arguments as normal. The call to the Python function is then made with:

[pValue = PyObject_CallObject (pFunc, pArgs); }

Upon return of the function, pvValue is either NULL or it contains a reference to the return value of the function.
Be sure to release the reference after examining the value.

3.1.4 Extending Embedded Python

Until now, the embedded Python interpreter had no access to functionality from the application itself. The Python
API allows this by extending the embedded interpreter. That is, the embedded interpreter gets extended with routines
provided by the application. While it sounds complex, it is not so bad. Simply forget for a while that the application
starts the Python interpreter. Instead, consider the application to be a set of subroutines, and write some glue code
that gives Python access to those routines, just like you would write a normal Python extension. For example:

static int numargs=0;

/* Return the number of arguments of the application command line */
static PyObject™
emb_numargs (PyObject *self, PyObject *args)

{
if (!PyArg_ParseTuple (args, ":numargs"))
return NULL;
return Pylong_FromLong (numargs) ;
}

(ouvéyela otV enopevn oehida)
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static PyMethodDef emb_module_methods[] = {
{"numargs", emb_numargs, METH_VARARGS,
"Return the number of arguments received by the process."},
{NULL, NULL, 0, NULL}
bi

static struct PyModuleDef emb_module = {
.m_base = PyModuleDef HEAD_INIT,

.m_name = "emb",
.m_size = 0,
.m_methods = emb_module_methods,

bi

static PyObject™
PyInit_emb (void)
{
return PyModuleDef_ Init (&emb_module) ;

J

Insert the above code just above the main () function. Also, insert the following two statements before the call to
Py_Initialize():

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

These two lines initialize the numargs variable, and make the emb.numargs () function accessible to the
embedded Python interpreter. With these extensions, the Python script can do things like

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

In a real application, the methods will expose an API of the application to Python.

3.1.5 Embedding Python in C++

It is also possible to embed Python in a C++ program; precisely how this is done will depend on the details of the
C++ system used; in general you will need to write the main program in C++, and use the C++ compiler to compile
and link your program. There is no need to recompile Python itself using C++.

3.1.6 Compiling and Linking under Unix-like systems

It is not necessarily trivial to find the right flags to pass to your compiler (and linker) in order to embed the Python
interpreter into your application, particularly because Python needs to load library modules implemented as C
dynamic extensions (. so files) linked against it.

To find out the required compiler and linker flags, you can execute the pythonX.Y-config script which is
generated as part of the installation process (a python3-config script may also be available). This script has
several options, of which the following will be directly useful to you:

e pythonX.Y-config —--cflags will give you the recommended flags when compiling:

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

e pythonX.Y-config --ldflags --embed will give you the recommended flags when linking:
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$ /opt/bin/python3.11-config —-1dflags —-embed
-L/opt/lib/python3.11/config-3.11-x86_64-1inux—-gnu —-L/opt/lib -
—lpython3.11 -lpthread -1dl -lutil -1m

O Ihusioon

To avoid confusion between several Python installations (and especially between the system Python and your own
compiled Python), it is recommended that you use the absolute path to pythonX. Y-config, as in the above
example.

If this procedure doesn’t work for you (it is not guaranteed to work for all Unix-like platforms; however, we welcome
bug reports) you will have to read your system’s documentation about dynamic linking and/or examine Python’s
Makefile (use sysconfig.get_makefile_filename () to find its location) and compilation options. In
this case, the sysconfig module is a useful tool to programmatically extract the configuration values that you will
want to combine together. For example:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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nAPAPTHMA A’

Mwoodpt

>>>
H mtpoemiheyuévn Python evioly| tov interactive shell. Zvyvd ugpaviCeTon yio Topadelypuato KOdLKo Tou
WITOPOUV VO, EKTELEGTOVV LodPaoTIKA GTOV interpreter.

Mmopel vo. avapEPETaL OE:

o H mpoemieyuévn Python evioh| tov inferactive shell kotd v eloaywyn 10U KOSdKO Yoo Eva
WITAOK KMOLKO [e €00y, OTav BPlokeTol PECO OE €va (VYOS TALPLUOUEVOV APLOTEPMDV Kol Oe-
Eudv delimiters (mapevOéoelg, aykUies, dykiotpa 1) TPTAG eloaywylkd), 1 uetd tov kaboploud
evog decorator.

o H evoouatouévn otabepd E11ipsis.

agnpnuévn Bactkr) KAaom

O agnpnuéveg Pootkéc KMAOELG CUUTANPOVOUY TO duck-typing mopéxovrag €vav TpoOmo 0pLopov
interfaces O6tav Gheg Teyxvikég Omwg M hasattr () 0o Nrov adé€ieg M avenaiodnto hovOaouéveg
(yio mopdderyuo pe magic methods). Tao ABC (abstract base class) elodryovv elkovikég vmokhAioeLs, oL
ortoieg elval KLAoELG IOV deV KAnpovopouvTol oo e Khaor, alld eEakolovfoiv va avayvwpilovio
amd 10 isinstance () kou amd to issubclass ()7 PA. v TeEKunpiwon tov module abe. H Python
drabéter modd evowpatmuéva ABC yia douég dedopuévmv (oto module collections.abc), apb-
povg (oto module numbers), poég (oto module povada io), etoaywyn finders ko loaders (oto module
importlib.abc). Mmopeite va dnuovpynoete ta dikd oag ABC pe to module abe.

annotation
Mia eTikéTa ToU OYeTIleETOL UE PLaL UETABANTY, £VOL YOPOKTNPLOTIKO KAAONG 1) L0 TTOPAUETPOG OUVAP-
TNONG 1) TULY TTOU ETLOTPEPETAL, TTOV YPNOLUOTOLEITAL KATG oVUPBaon wg fype hint.

Aev givol duvati M TpooPaon oto annotations TwV TOTKMV UETAPANTDOV KATA TO POVO EKTELETNG, AAAG
Ta annotations TV global ueTafANTOV, TV XAPUKTNPLOTIKOV KAAONG KAL TOV GUVOPTHOEMY 0rtodnkev-
ovTaL 0TO ELOLKO XOPOKTNPLOTIKO _ annotations_  twv modules, Twv KAAGEWV KOL TOV OUVAPTY-
OEWV, AVTIOTOLYOL.

BA\. variable annotation, function annotation, PEP 484 kaw PEP 526, ta omoio mweplypdpouv v Aettovp-
yikdtnto. Exiong BA. annotations-howto yia tig BéATLOTEG TPOKTIKEG dovAeVOVTAG e annotations.

opopa
Mo tpy| petafpdletal oe wio function () method) xotd v kAo TG OUVAPTNONG. YITAp)ouv d10
£idn opLopdtov:
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o keyword argument: £vo. OpLOUOL TTPLV ATTO €VOL OVOLYVIPLOTLKO (TT.%. name=) O€ o, KAon ouvapT-
oNG 1 TEPVADVTAG TO WG TUUT| 08 £va heELko mtpLv amd * *. Tia TapddeLyua, To 3 KoL To 5 amotehovv
optopata AEEewv-kheldLhv otig akolovbeg KA oELS Tpog complex () :

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o positional argument: £€va. dpopa Tov dev givan dpopa keyword. Ta opiouata 0€omg umopovv va eu-
pavitoviow oty apyns wog AMotog optopdtmy n/xol va uetapLpatovral wg otolyeto evog iterable
mpwv amd *. o mapdderypa, to 3 Kot to 5 amotelovv opiopota 0E0mg 0TLG TOPOKATMD KA OELS:

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

Ta oplopato eKywPoVVIOL 0TS OVOUAOUEVESG TOTILKES UETAPANTEG OTO Cwuo wo. cuvdptnong. Bi. v
evotnTa calls yio Toug KavOveg Tov SLETOUV QUTNV THV EKYMPNOT. ZUVTOKTIKY, 0OTTOL0dNTOTE EKPPOTT
WITOPEL VaL PN OLIOTTOIN Ol Y10 VO AvOaITopaoTOEL £va OpLopd.” 1) AELOAOYOUUEVT) TUUT) EKYWPELTAL OF ULO.
TOTTLKT| UETABANTY.

BA. extiong v eyypogt Tov YAwooopiov yio To parameter, v FAQ gpdtnon oto 1 diagpopd petad
opLoudrtmV Kal wapouétpwy, ko PEP 362.

aoVYYPOVOS drayelpLoTiis context
‘Eva avtikeipevo mov ehéyyel to opatd meptfdilov oe o dShwon async with opilovrag tig uebo-
doug __aenter_ () kau__aexit__ ().ITov ewonydn and PEP 492.

aovyypovog generator
Mo ouvapTNoN TOV EMLOTPEPEL EVO asynchronous generator iterator. MoldeL pe ot ouvapTnon coroutine
mov opiletan ue async def ektdg amd OTL mePLEXEL EKPPATELS yield yLo TNV TApoywy WOG OELPAS
TLLOV TTOV WTOPOVV va. ypnotuormomboiv og évav async for Bpdyo.

ZVVHOOG OVOPEPETOL OE LLO. GUVAPTNOY CLOVYYPOVOU generator, oAAG WTOPEL VO AVAPEPETOL O EVOY
acvyypovo generator iterator 0€ OPLOUEVO contexts. Ze TEPLTTMOELS OOV TO EmILWKOUEVO vonua dev
elval oapéc, e TNV XPNOoN TV TANPOV OpWV OTTOPEVYETAL 1] ATAPELD.

Mo ouvapTnon 0oUYYPOVOU generator (WTOPel Vo TEPLEYEL EKPPAoELS await , KaOMdg Ko dNhmoeLg
async for,xaLasync with.

00Uy povog generator iterator
An object created by an asynchronous generator function.

Avtog elval évag asynchronous iterator mov 6Tav KAAELTOL Y p1OLLOTOLOVTAS TNV 1€00d0 __anext ()
ETLOTPEPEL EVOL AVOUEVOLLEVO OVTLKELUEVO TTOV OaL EKTEAEDEL OTO TMUN TNG CUVAPTONG TOV ALoVYYPOVOU
generator UypL TV enouevy yield ékppoon.

Kdé&be yield avoaotéher mpoowpivd v emeEepyaoia, Buudtor v Katdotaon ektéheong (ovure-
PLLOUBOVOUEVOY TWV TOTLKMV UETARANTOV KoL TV dAdoewy try oe ekkpepdtta). Otav o acty-
XOOVOG generator iterator OUVEYIOEL OTOTENEOUATIKA UE GALO OVOUEVOUEVO TTOU ETMOTPEPETOL OTTO
:pep: 492 () xouw PEP 525.

aoUyypovog iterable
'Evo avTIKeipevo, ov wtopet va ypnoworoindei oe o dMhwon async for. [pémel va emotpépel
éva asynchronous iterator amd v nébodo __aiter_ (). IMov etonyOm amd PEP 492.

aovyypovog iterator
‘Eva avtikeigevo mov vhomolel TG uebddovg aiter_ () wou __anext_ (). H pébodog
__anext__ () mpémeL va emotpepel Eva awaitable aviikeipevo. To async for emlel To ovole-
voueva mov emoTpépovrol oo ) wébodo __anext_ () &vog aovyypovov iterator £mg OTOU eYEipeL
wo eEaipeon StopAsyncIteration. EwofyOn ané PEP 492.

YOPUKTIPLOTIKO
Mo Ty ToU OyeTICETOL UE £VOL AVTLKEIEVO TTOU CUVNOMG AVAPEPETOL [LE GVOUD YPTOLULOTTOLMVTAG EK-
Ppaoelg ue Kovkkides. o mopdderypa, eGv €vo avILKeEILEVO 0 €xeL £Va YOPUKTNPLOTIKO a o avapeé-
PETAL WG 0.d.
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Eivai duvatd va dmooupe o€ £va aVILKEIUEVO EVOL XOPAKTNPLOTIKO TTOU TO OVOULO TOU OEV ELVOL AvaryVo-
pLoTikd 6mtmg opitetar amd identifiers, yio TopddeLywo XPNOWOTOLMVTOG setattr (), oV ETTPETETOL
arto To avtikeipevo. ‘Eva tétolo yopaktnplotiko dev Oa eival tpooaoiio xpnoLuoToLdVvTog TG TELELES,
Ko vt avtov Oa mpémel va avokTnOEl ypnopomolmvtas getattr ().

awaitable
"Evol 0VTUKEIEVO TTOU UTTOPEL VaL X PN OoLoto0el oty EKppaon awa i t. Mmopei va eivon coroutine 1y éva.
ovTikeigevo pe po__await_ () uébodo. Bh. emiong PEP 492.

BDFL

Axpwviuo tov Benevolent Dictator For Life, kahokdyaBog duxtdropag g Twne, dnhadn Guido van
Rossum, o dnuovpydg g Python.

dvadiko apyeio
'Eva. file object tkovd va. SLaatel ko va YpagpeL dvadikot timov aviikeliueva. apadelyuato dvadikmy
apyelwv eivar apyelor Tov avolyovv oe dvadikn Aettovpyio ("rb', '"wb' 1 'rb+'), sys.stdin.
buffer, sys.stdout .buffer, Kol oOTLypoTUTOV TV 10.BytesIO koL gzip.GzipFile.

BA. emtiong zext file yio €va avTiKELUEVO TUTTOU OPYELO LKAVO VO SLaFAOEL Ko vaL YPAPEL ST T AVIIKELUEVO.

daverkn avagopd
Zto C API g Python, po daverkr ovogpopd elval o avogopd og €vo. OVILKEIUEVO, OTTOV 0 KMALKAG
TTOV Y PT|OLUOTTOLEL TO aVTLKELUEVO dEV KaTEXEL TNV avapopd. ['ivetan évag aypnotpuomointog deiktng edv
To avtikeipevo Kataotpopei. ['a mapdderypa, o diadikaoio garbage collection pwopei vo apatpéoet
TO TENEVTOUO strong reference amd TO AVTIKELUEVO KO £TOL VAL TO KOTAOTPEYEL.

Zuviotatol 1 KMo tov Py_INCREF () 0T0 daveiki] avagood (e 0Komd vo. LETATPATEL 08 £val Loy voT)
ava@opd eMTOTOV, EKTOG OTAV TO CVILKELUEVO OEV UITOPEL VO KATAOTPOPEL TPLY 0Td TNV TELEVTAiN
xpNom TG davelkng avagopds. H cuvdpton Py_NewRef () umopel va xpnotpomondel dote vo. om-
wovpynOel Eva Loy vo1 avapood.

bytes-like avrikeipeva,
"Evo. avTiKeipevo mov vitootnpilel o bufferobjects ko pwopei va eEayer éva C-contiguous buffer. Avtd
mepthappdver Oha ta aviikelpevo bytes, bytearray, Kow array . array, Kafmg Kot ToAE Kowva
memoryview oavikeipeva. Ta dvadikov tomov (bytes-like) avitkeipevo propotv vo xpnotuootnovy
yio dLdipopeg hettovpyieg Tou dtoyepitoviot duadikd dedouéva” avtd TePAAUPAvVOUV CUNTTIEDT OITO-
OnKevon oe duadikd apyeio kol amooTol uéow socket.

Oplouéveg hettovpyieg yperdlovrol tor duadikd dedouéva va eivor uetofintd. H texunpioon ovyva
OVOPEPETOL 08 AUTE MG «dVAdLKA avTiKelpueva avayvoons-eyypogrg» (read-write bytes-like objects).
Mapoadelynato UeTAPANTOV OVILKEWEVMVY TPOCWPLVTG 000N KEVOTG TTEPLEYXOUV bytearray KoL éva
memoryview gvOg bytearray. AAMEG MeLTOVPYIEG OITTOLTOUV TNV OTTOONKEVONG TV dVOSIKMOV de-
dopéva oe auetdfinta avitkeipevo («duadikd ovtikeipeva wovo avayvwang»” (read-only bytes-like
objects) mopadeiyuoTto oVTAV TEPLEXOVY bytes Kot éva memoryview evog bytes avitkeluévou.

bytecode

O myaiog kwdika g Python petoylwttileton oe byfecode, 1| E0MTEPLKY] AVOTAPAOTAON €VOG TPO-
vpduuatog Python otov diepunvéa CPython. To byfecode amoBnkevetal emiong TPOoWPIVE WG .pyC
apyelor moTe M eKTELEON TOV D10V aPYELOV Va. givan YpNyopdTEPN TNV deVTEPT] POPA eKTENEONG (UITO-
pel vo amopevy el 1) €K VEOU UETOYADTTLON Ot TOV TTNyolo KOdika oe bytcode). Avti 1 «evaldpeon
YADOOoO» Aéyetal OTL Tpéxel o€ Wwo virtual machine mov €KTeLel TOV KMOLKO UNYOUVAG TOV OVTLOTOLYEL
og KG0Oe bytecode. AGfete vroOY O6TL Tl bytecode dev OVOUEVETAL VO AELTOVPYOVY UETAED SLOLPOPETLKMV
ELKOVIKMV pyovarv Python, ovte va gival otabepd petalt tov ekddoewv g Python.

Mo Alota oo 0dnyieg oxetikd ue ta bytecode wtopei va Bpedel otnv tekunpimwon yia to module dis.

callable
‘Eva callable eivow évo avtikeipevo mov pmopet va Kaheotel, mbavd ue éva ovvoho opopdtwv (Bh.
argument), A€ TNV TOPAKATO OVVTAEY:

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

Mua function, ko Kat” enéktaon wa method givau callable. 'Eva otypdtumo po kAdong mov vhomolel
™ uébodo __call__ () elvou emiong callable.
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callback
Mo subroutine cuvaptnon 1 omoia petafLBateTor wg OpLoua Tov Oo EKTENEOTEL KATOLXL OTLYUT OTO
UMV

KAdon
‘Eva TpdTumo yLo T SMUovpylor avILKELUEVWY Tov 0pllovial atd 1o xpnoty. Ou opLopoi KAAoEmV ov-
vNOWG TePLEYOUV 0pLopovg HeBOdWV oV AeLTOVPYOUV 08 OTLYIOTUTTO TG KAGOoNG.

petafinti kAdong
Mua petafinti) wov opiletal o pua kKAAom Ko tpoopiletol vo tpomomolnel uovo oe enimedo kAdong
(. OyL o€ €va OTLYOTUTIO (LaG KAAONG).

uetafinTi KAeloipatog
'Evog free variable mov ovagpépetal amd éva nested scope Kou 0pileTol og (o eEEWTEPLKT) TEPLOYN, avTi
vo emAvETOL QUVOULKG KaTd TNV eKTéAeoN amd T KoOoMKE 1) evompoatouéva namespaces. Mmtopei vo
dAwBei pntd e ) deopevuévn AEN-Khewdi nonlocal dote vo emTpastel 1 eyypagn, 1 va BewpnOei
OTL opileTan Euueca OTav 1 UETOPANTY] XPNOLULOTTIOLELTAL LOVO VL0 ALVOLYVOOY).

TNo wapdaderypa, 1 ovvapton inner Tov mTopaKdTw KmdiKa, Tdoo 1 x 660 KoL 1 print eivow free
variables, aMQ LOVO 1 x VO WO ueTaSANTI KAgLGluaTog:

-

def outer():
x =0
def inner():
nonlocal x
x += 1
print (x)
return inner

L

Adyo tov xapakTPLoTikoy codeobject .co_freevars (To 0moio, TOPA TNV OVOUAGLO TOV, TTEPL-
rappdver udvo ta ovopato Tov petafANTav Khelolpatog Kot oL Oheg TG avapepoueves Elevbepeg Leta-
BANTéQ), xpnoluoToLelTaL HEPLKES POPEG O TTLO YEVIKOG OpOG free variable akOun Kow OTOV YiveToL ELOLKY
avapopd og uetafAnNtég Kheloluatog.

uryedukog apdpog
Mo ETEKTO0T TOV YVIMOTOU GUOTHUOTOS TTPOYUATIKDV aptOumy 6To 0roio dhot ot aptboi kgppdtovon
wg dbpolopa evog TPAYUOTIKOY HEPOUG KoL EVOG pavtaoTikoy uépovg. OL gpavtootikol aplbuol eivor
TPAYUOTLKG TOAMOTAAOLA TNG PAVTOOTIKTG Lovada (1 TeTpaymvikn pilo Tov —1), Tov ovyvd ypdigpo-
vratr 1 oto podnuatikd M § ot unyoviky. H Python éyel evowpatmpévn vtootpiEn yio pryadikote
aptBuovg, oL 0ToioL YPAPOVTOL (e AuTdV TOV TELELTOL0 CUUBOMOUO” TO PAvTOoTIKO uépog ypdpeTon
ue 1o emibnua J, Y., 3+13. o va amokthoete mpoofaon oe ovvOeta Looduvapo to module math,
ypnopomoote to cmath. H xpnon wyadikov aptOumv eivor éva apKeTd Tponyuévo wodmuotko yo-
POKTNPLOTLKO. €4V dEV YVWPITETE TNV OVAYKT) TOVUG, ELVaL OYEDOV GLYOUPO OTL UTOPELTE VOL TO. OLYVOT|OETE
E ALOPANELXL.

context
Auto 0 6pog £xEL DLOPOPETIKEG ONUOLOLEG OLVALOYOL UE TO TTOV KO TTMG Y PTOLUOTOLELTOL. MeEPIKES KOLVEG
évvoleg:

o H mpoompivi) katdotaon 1) 1o meptBarllov mov dnuovpyeitol oo évav context manager UEGmW PLAG
dMhwong with.

o To oU¥voho TV deopevuévav KAeLOLOV-TIUNG TTOV OYETILOVTOL HE VO CUYKEKPLUEVO AVTIIKELUEVO
contextvars.Context kol poomeldfovtol péow avitkewévov ContextVar. B, emiong
context variable.

¢ 'Eva aviikeigevo contextvars.Context. BA. emiong current context.

TPWTOKOAAO Srayeipiong mepfaiiovog
OuuébodoL __enter_ () xou__exit__ () xohoVvrow amd ) dNhwon with. BA. PEP 343.

Swayeprotiic context
'Eva aVTLKELIEVO TTOV VAOTIOLEL TO context management protocol Kouw ENEYYEL TO TEPLBAALOV TOV EloaL 0POTO
péoa og o dMhwon with. Bi. PEP 343.
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context petafinTi
Mo peto ANt TG omoiag 1 T eEapTATOL ATTo TO TTOLO Elval To current context. Ou Tég Tpoomeldo-
VTOL PECM TV AVTIKEWWEVOV contextvars . ContextVar. O petafAntég cuuppalouevwy xpnoLuo-
TOLOVVTAL KUPLMG YLOL VO OTTOUOVDTOUY TV KOTAOTAO0N UETAED TAVTOYPOVOY 00VYYPOVWYV EPYOOLMV.

contiguous
"Eva buffer Bewpeital contiguous akplBae edv eivou eite C-contiguous eite Fortran contriguous. To buffer
undevikv draotdoemv eivor C xow Fortran contiguous. Ze (lOVOSLAGTATOVG TTLVOKES, T OTOLYELL TTPE-
7eL vo. TorofeTovvTal ot pviun To éva distha 0to GAAo, ue OELPG aOENONG TWV SELKTHOV EEKLVAOVTAG
artd to undév. Ze mohvdidotatovg C-contiguous Tivakes, 0 tehevtalog deikTng petofdiletan TayvTePa
OTOY EMLOKETTOVTIOL TOL OTOLYELDL O oeLpd drevBuvong uviung. Qotdoo, oe Fortran contiguous mivokeg, o
TPADTOG OEIKTNG HETABAMLETAL TTLO YPTYOPOL.

coroutine
OL coroutines €ival (Lol Lo YEVIKEUUEVT Lop@n subroutines. Ot subroutines £L.0&yovToL 08 Vo GTUELO Kot
eEdryovtal og Glho onueio. Ou coroutines pumopei va ewoayBovv, vo eEaybolv kKoL vo ovveylotovv o
oM drapopeTikd onueio. Mmopov va vhomotoovy pe v dMiwon async def. Bh. emiong PEP
492,

coroutine cuvaptnon
Mo GUVEPTNON TTOV EMLOTPEPEL £VAL coroutine AVTIKELUEVO. Mo 6uvApTnon coroutine umopel vo. opileta
omd ™ dMhwon async def, Kou umopei vo mepléyeL await, async for, kaw async with AéEeig
KAewdLd. Avtég eonyOnoov oo to PEP 492.

CPython
H xovoviky) vhostoinomn tg yAdooog tpoypoupotiouod Python, drtmwg diavéueton oo python.org. O 6pog
«CPython» ypnowpomoteitor dTav eivol omopaiT)To Yia TV dLAKPLoN ouThG THG VAOTOINoMG atd dhleg
omwg m Jython Y| | IronPython.

TpEYoV TAUICLO
To context (contextvars.Context OVILKEILEVO) TOV XPNOLUOTTOLELITOL CUTY] T OTLYUY 0ITO TOL AVTL-
Kelpevo ContextVar yua vo mpoomeldoet (va mapeL 1) vo 0pioel) TG TWESG Twv context variables. K&Oe
vijuo €xEL To kO Tov TPEYoV ovuppalouevo Ta Thaiola yio TV EKTELEDT] AoVYYPOVWV EPYOTL®V (BA.
asyncio) ovvdéouv Kdbe epyacio pe Evo cuNPPALOUEVO, TO 000 YIVETOL TO TPEYOV GUUPPITOUEVO
OmoTe N gpyaoio Eekiva 1 ovveyilel TNV eKTéleo.

decorator
Mo oUVEPTNOT TTOU ETOTPEPEL ULt GARY GUVAPTNON, CUVNOWG EQPAPUOTETAL MG UETOTYTUATIOUOS OU-
VAPTIOTNG YPNOWOTOUDVTAG THY @wrapper oUvtag. Zuvnoiouéva mapadeiynoto yio toug decorators
elvor classmethod () xow staticmethod ().

H oUvtoEn tov decorator eivol amhmg KOAM®ITLOTIKY, oL 0kdAovBoL §U0 0pLopol cuvopthoewv eivat
ONUAOLOAOYLKG LoodUvauoL:

def f (arg):
f = staticmethod (f)

@staticmethod
def f (arqg):

L J

H 810 évvora vitdpyer yia tig Khaoelg, adhd ypnowwomoteitar Myotepo ouyva ekel. Bh. tv texunpiwon
yio. function definitions kou class definitions yia epLoodtepa oyeTikd pe Toug decorators.

descriptor
Kd&0e avrikeipevo mov opilel tig peodovg __get_ (), __set_ (), M __delete__ (). Otav éva
YOPAKTNPLOTLKO KAGOoNG eivon descriptor, 1) eldKT] dEOUEVTIKY TOV CUUITEPLPOPE EVEPYOTOLELTOL KOTA
TV avalNTnon XopoKTNPLoTiKdv. Kovovikd, ypnouomoimvtag a.b yio va AMfete, va opioete 1) va dia-
YPAPETE VA XOPAKTIPLOTIKO avalnTd TO AVTIKELUEVO UE TO OVopa b 0To AeELKO TNG KAGONG Yo @, CANG.
€dv to b elvon descriptor, kaettor 1 aviiotoyn nébodog descriptor. H xatavonon twv descriptors eivol
To KAewdl Yo TV kKohitepn Katavonor tg Python yioti avtd amotelel v fAon yio ToAE xapokTn-
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PLOTIKG OIS OVVAPTHOELS, UeBOdoVG, 1dLOTNTES, nEBOdOL KAGONG oTaTiKEG néBodOL, KoL avagopd oe
oovmep KAAOELS.

I tepLoodTepeg TANpopopieg avapoptka ue tig uebddovg twv descriptors, BA. see descriptors 1) to [Tpa-
KTLKOG 00706 Yo T xpron Tov Descriptor.

AeEiko
"Evol TpOooeTOLPLOTIKOG TTivaka, 0mmov avbaipeta khewdid avtiotoryilovtat og Twég. Ta kheldid wopei
VoL glva 0TtoL0d1IToTE avTLKelpevo ue uefddovg _hash_ () xou__eq (). OvoudZetar wg hash oto
Perl.

Kotavonon AeEikov
"‘Evo oupstoyng tpomog yio va emeEepyaoteite Oha 1 u€Pog TV OTOLXEIWV 0 VO EMAVOATTTIKO KOl
vo emotpagel Eva pe AeElkd pe ta amoteléopoto. results = {n: n ** 2 for n in
range (10) } dnuovpyei éva AeELKO Tou mepLeyeL To KAWL n 7TOV avTLOTOLYILETOL UE TV T n * *
2. BA. comprehensions.

oyn AeEkov
Ta avukeipeva wov emotpépovral amd dict .keys (), dict .values (), Kardict.items () Ko-
rovvtar 0elg AeEkov. AuTég Tapéouy wa duvoauky dym Twv Tmv eyypap®v tou AeELkov, Tov o)-
naiver ot dtov to heEukd petafddietal, 1 6Py avitkatomtpilel avtég Tig odayés. Na va avoykdoete
v 0y AeEkov va yivel pa mhfpng Mota ypnowwomowmote to 1ist (dictview) . BL. dict-views.

docstring
Mua literal oupfohooelpd Tou eupaviCeTor mg 1 TPMOTN EKPPaoy o€ wia KAaom, ouvaptnon 1 module.
Evo ayvoeital Kotd tnv eKTéLeon TG GOViTaS, avaryvwpileTol amd TOV UETOYAWTTLOTH KoL TOTTo0eTEITOL
07O YOPAKTNPLOTLKO __doc__ g KAMAONG, TG cuvapTnong 1 Tov module ov mepikheiel. Agdouévou
oL glvan dLabéoLo PEom eVOOOKOTNONG, TO KAVOVLKO UEPOGS YLOL TNV TEKUNPLIOTN TOU AVILKELUEVOU.

duck-typing
"Eva. 6Tul Tpoypopuotiopot sov dev eEetdlel Tov THTO eVOG AVTLKELUEVOD YLOL VO TTPOOSLOPIoEL v £XEL
T 0ot dLemagn” avtifeTa, 1 uEB0SOG N TO XOPAKTNPLOTIKO KaAeiTOoL amhmg 1 xpnowwomoteitan («If
it looks like a duck and quacks like a duck, it must be a duck.») Aivovtog éugpaon otig diemapés Kan oyt
0€ OUYKEKPLUEVOUG TUTTOVG, 0 KOAG OxedLaouévog KHdiKag Bertiddvel TV eveMEia Tou emitpémovtag
™V TOAVHOPPLKT) VITokatdotaot). O timog duck-typing amogelyel dokiég ypnoluomolmvtog type ()
1 isinstance (). (Enueiwon, wotd00, OTL 0 TUTOG TATLOG duck-typing WTopel va. CUUTANPWOEL pe
abstract base classes.) Avti avtol, cuvnOmg ypnowomolel dokuwég hasattr () fapoypauuatiopnd FEAFP.

dunder
An informal short-hand for «double underscore», used when talking about a special method. For example,
__init__ is often pronounced «dunder init».

EAFP
ITwo e0K0AO VO TNTNOELG OLVYYDPEDT TTapd AdELD. AVTd TO KOLvd 0TV Tpoypauuatiopnoy og Python tpois-
o0éTeL TNV VtapEN YKupmv KAELDLMV 1] APOKTHPLOTIKOV Kot culhaufdver eEanpéoelg edv 1) videon
arodey el eoaluév. Avtd to Kabapo KoL ypNyopo OTVA XopaKTNPILETAL ATTO THY TAPOVGLO TTOMMY
dMhwoewv try Kauw except. H teyvik épyetol og avtibeon e to otuk mov eivan LBYL kowvd o€ moAhég
aeg yhnooeg, dmtmg 1 C.

EK@ppoon
"Eva. Koppdtt oUuvtaEng mov propei va agtohoyn el oe kdmoro tur). Me dhho Aoy, o €K@paat eiva
WoL CVOOMPEVOT oTotyelmv EéKppaong dmwg kuploreEia, ovopata, TpoOaBaon YapaKTPLOTIKOVY, Tehe-
OTEG 1] KMOELG OUVAPTIOEWV TOV OAEG EMOTPEPOVY [1aL TUY). Ze avtifeon pe mohhég dhheg Yhwooeg,
dev eivar Oheg oL YAwooukég douég exppdoets. Ymapyovve emiong statements ov deV ItopovV vo. XpnotL-
poomBouv mg ekpPATELS, OTtmg To while. O avabéoelg Tudv eival emiong dnhboelg oyl ekppdoeLc.

module exékTO0NG
‘Eva module ypaupévo og C 1) C++, mov ypnotpomoteiton amd to C API g Python yua vo odAnhemidpd-
COUV L€ TOV TTUPNVOL KOl L€ TOV KWOLKA TOV YPNOTH).

f-string
Ou xvpLokektikég oupporooelpésg ypnowwomoloty pe pdheua "£' M "F' ovoudtovior ouvnOwg «f-
strings» ov eivor ouvtopoypapia tov formatted string literals. BA. eiong PEP 498.
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OVTIKEILEVO UPYEIOV
‘Eva avtikeipevo mov ekBétel évo API mpooavatolouévo oe apyeio (e uedddovg dmwg read () M
write ()) og évav VTOKEIUEVO TTOPO. AVAAOYO UE TOV TPOTO TTOUV dNULOVPYNONKE, £VO OVTLKEIUEVO
apyelov UITOPEL VO UECOLOPNOEL OTHY TPOGPOCT OE £VOL TPAYUATIKO ApyELO0 0TO dioko 1) og dAlo TUITO
ovokeung amobfKevong 1 emkotvoviag (Yo mopdderypo Tumiky eicodog/ €50dog, in-memory buffers,
sockets, pipes, KA.). Avtikeipevo apyeiov ovoudtovron emiong file-like objects 1| streams.

2TV TPOAYUOTIKOTITA VTTAPYOUV TPELS KATNYOPLES aVTLKEWWEVOVY apyelov raw dvadikd apyela, buffered
dvadikd apyelo xon apyelo keyévov. O dLemapeg Toug opilovtal oty evotnta 1o. O Kavovikdg Tpdmog
YLOL VO S1ULOVPYNOETE €VOL OVTLKELLEVO 0Py ElOU ELVAL XPNOLUOTOLDVTOG TV OCUVAPTNON open () .

OVTIKEIUEVO TTOU HOLATEL UE OPYELD
"Evo. ouvavupo pe to file object.

KWOLKOTTO11)01] CUGTIUATOS UPYELWY KO YELPLOTHS CPUAUATOV
H xwdikomoinom Kat o xelplothg opoipdtov ypnowomoteitar amd v Python yio tv amokmdiko-
moinon twv bytes amd 1o Aettovpylkod cuoTnua Kou TNy Kmdikomoinon oe Unicode yio 1o Aettovpylko
avoTNUO.

H xmd1K0moinon ovothuatog apyeimv Wropel vo eyyundel v emtuynuév] amokwdlkomoinon Ohmy
TV bytes kKatw artd 128. EAv 1) KodLKOTOiN01 CUOTHUATOS APy ELDV SEV TOPEYEL ALUTIHV TNV EYYUNOT, OL
ouvoptnoelg API umopovv va eyeipovy éva UnicodeError.

Ovovvaptioelgsys.getfilesystemencoding () kot sys.getfilesystemencodeerrors ()
Wtopouv va xpnowostotnfotv yior vo AMABETE TV KmALKOTO0iNoT TOU CUOTHUATOS CPYELMY KoL TOU
YELPLOTH OPOALATWV.

O filesystem encoding and error handler duopopemvoviol Katd v ekkivnon tg Python amd ™ ov-
vaptnon PyConfig_Read () PA. filesystem_encoding kou filesystem_errors uéln tou
PyConfig.

BA. emtiong to locale encoding.

finder
‘Eva aviikeipevo mov mpoomadei va Bpel to loader yio €va, module stov elony 0.

Ynrdpyovv dvo tumol finder: finders ueta dStadpourns yio ypNon ue sys .meta_path, Ko finders e.6édov
dtadpouns ywo. xpnon we sys .path_hooks.

BA. finders-and-loaders xow import1ib yio meplocdtepeg hemTopépeLec.

aképora Sraipeon
H pabnuotikn dtaipeon mov oTpoyyULoTOLEL TPOG TAL KATW 0TOV KOVTLVOTEPO akéPaLo. O TeEheoTNg okcé-
patog dwaipeong eivan / /. T mapdderyua, ) ékppaon 11 // 4 aEoloyeital og 2 og oviiOeon pe v
T 2 . 75 7OV EMOTPEPETAL OTTO TNV LAUPEDN e VITOdLOOTOM). Znueiwon otL (-11) // 4 xaver -3
€7TELON QUTN ELVOL 1] OTPOYYVAOTTOINOY TPOg Ta KdTw tov —2 . 75. BL. PEP 238.

Swpeav vijna
‘Eva povtého vrudtov 0mmov molha vijuato propotv va ektehovv Python bytecode tautdypova péco
oToV 810 diepunvéa. Avtod Epyeton oe avtifeon e to global interpreter lock, 1o omoio emitpémel o€ éva
uoévo viuo va ektelel Python bytecode ka0e popd. Aeite to PEP 703.

Swpeav petafinei
Tumikd, 0mwg opitetar oto language execution model, po ehevBepn petafAnTy elvor omoladnmoTe ue-
TOANTY XPNOLUOTTOLELTOL O £va namespace Tov eV ELVOL TOTLKY| LETAPANTY) O€ eKelvo TO namespace.
Agite 10 closure variable yio mopdderyno. TIpaktikd, AMOYw TOU OVOUOTOG TOU YOPOKTNPLOTIKOV
codeobject.co_freevars, 0 0pog PNOLUOTOLEITOL ETTLONG UEPLKES POPES G CUVADVUNO TNG closure
variable.

ouvaptnon
Mo oelpd amd dNMOOELG TTOV EMLOTPEPOVY KATOLA TUU] G QUTOV TTOV TV KAAEDE. 2 QUTEG UTOPOVV
VO TTEPALOTOUV KOVEVOQL 1] TTEPLOCOTEPO. 0PlOUaT TTOV UITOPEL VoL ypnouuorton0ei yio v ektéheon. BA.
emiong TG evotteg parameter, method, kou the function.

oUVAPTIGY annotation
'Evag annotation puog TapoU€TPOy GUVAPTIONG 1] OGS TG ETLOTPOPNGC.
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Ou ouvapTNoELG annotations Guy VA PNOLULOTTOLOVVTOL Yiot vrodelEels TOTOV: YIoL TOPAdELYUQ, VT 1
OUVAPTNON OVOUEVETAL VO TTAPEL HVO OPLOUATO 1nt Ko ETLONG AVAUEVETOL VO EXEL WO ETLOTPEPOUEVT|
T int:

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

H oVvtoEn ouvdptnong annotation avolvetar oty evotnto function.

B\ variable annotation xou PEP 484, tov mepLypaeper ovty) tnv Aertovpyikotnta. Emxiong BA. annotations-
howto yio Tig KaAUTEPES TPAKTIKEG HOUAEVOVTOG (e annotations.

__future__

‘Eva. future statement, from ___future_  import <feature>, ka0odNyel TOV ueETAYAWTTIOT VO
uetayhmtrioet to Tpéyxov module yPNOLUOTOLHOVTOG GUVTOEY 1) ONuactoloyia tov Ba Yiver 1) TumtLKY og
pelhovtiky) ékdoom tng Python. To module __ future_  tekunpuwvel tig mbove TWES Tov feature. Me
TV ELOAYWYY] OQUTNG TNG AeLTOVPYIKTG LOVADOG KoL TNV aELOAOYNOT TwV UETABATOV TNG, UWTOPELTE VO
deite moTE o vEa duvatdTNTO TPOOTEONKE YL TPWTN POPd 0TV YADooo Kot ote O yiver (1) €yive)
1 TTPOETUAOYT):

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

GVALOYI] ATTOPPLUATOV

H dwadikaoio amehevfépwong g uviung otav dev ypnowpomoteitar ahho. H Python extelel ovihoyn
ATOPPLUATOV HECH KATOUETPNONG AVAPOPMV Kot EVOG KUKMKOU GUALEKTH OKOVTULOLMV TTOV EivOL O€
0¢om va aviyvevel ko va ortdel Toug KUkhoug avapopds. O ouiéktng amoppludtwy umopel va eheyy el
ypnopomolmvtag to module ge.

generator

Mo GUVAPTNOT TTOV ETLOTPEPEL EVQL generator iterator. MOLATEL e [LaL KAVOVLKT] GUVAPTNOT) EKTOG 0td TO
OTL TTEPLEYEL EKPPAOELS v i e 1d Yia TNV TOPAYWYTH oG OELPAS TUULMV TTOV UITOPOVV VO XPNOLUOTTOL 000V
o€ évav Bpoyo for Y| Tov Wtopovv va ovokTNOoUV o T popd e TV ouvaptnon next () function.

ZVVHOOG AVaQEPETOL OE L0 GUVAPTNOT generator, GAAG (LITOPEL VoL VAPEPETOL OE EVaV generator iterator
0€ UEPLKA contexts. 2e TEPLTTMOELG OTTOV TO ETLOLWKOUEVO VOO OEV ELVAL OAPECS, 1] (P01 TWV TAPWV
OPWV ATOPEVYEL TNV OLOAPELCL.

generator iterator

'Evo avILKeipevo mov dnuovpyeitol amd o ouvapTnon generator.

Ké0e yield avaotélel tpoowpivé Ty emeSepyaoia, Bupdtor Ty Katdotaoy ektéleong (cuusept-
AOUPAVOUEVOV TMV TOTTLKMOV LETAPANTOV KoL TOV dNAmoEmY doKLUNG 0€ eKKpepotnTa). Otav o generator
iterator oOUVEYIOEL, GUVEYITEL A KEL TOV OTAUATNOE (0€ AVTiBEON UE TIG CLVAPTHOELS TTOV EeKLVOUV aTTd
™V apyn o€ kdbe exikinon).

generator £K@poon

Mua expression Tov emoTpEpeL Evav iterator. MowdZer ue Kavovikt €k@paon ov akolovdeitan amd wo
npoToon for mov opilel po petafAnTy) fpoyou, Eva eVpog KoL ULoL TPOLPETLKY Tpodtaon 1 f. H ouv-
duaouévn EKpPaoT dNUWOVPYEL TLUES YLO. 0L CUVAPTNGT EYKAELOUOV:

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

YEVIKT] GUVAPTIOT)

Mo ouvdptnon mov asoteheitan amd ToMMATAEG CUVAPTHOELG TTOV VAOTTOLOUV TNV idLol Aettoupyia yio
dapopeTkovg Tumovg. Tlowa vhomoinom mpémet va ypnotpomotn el Katd ) dLapKeLo wa KAong Ko-
BopiCetar amd Tov adyopLOUo amooToryc.

BA. emtiong v katoympnon tov single dispatch, Tov decorator functools.singledispatch () Ko
PEP 443.
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YEVIKOG TUTOG

GIL

'Evog type Tov WtopEl vo Topaetpomot0el” ouvnbmg o container class, 0twg 1ist 1 dict. Xpnot-
LOTTOLELTAL Y10 Type hints KOL annotations.

TN meploodTepeg hemtouépetes, PA. generic alias types PEP 483, PEP 484, PEP 585, xou to module
typing.

BA\. global interpreter lock.

global interpreter lock

O unyoviopdg mov xpnotiomoLeitat amd Tov diepunvea CPython yio. va, dLoopalioel dtL povo Eva vipa
extelel Python bytecode kb @opd. Avtd amhomoiel v vhomoinon CPython dnuovpydvrog to po-
VTELO OVTLKELUEVOD (CUIITTEPLANOUBOVOLEVOY KPIOL®WY EVOOUATOUEVMY TUTTMVY OTTwg TT.Y. dict) éuueoa
aoparéc évavt tautdypovng Tpoofaons. To kheidwua oAdkAnpov tov diepunvéa dlevkorivel Tov diep-
unvéa va eival TOAATADY VNUATOV, €16 FAPO0G TOU UeYAAOU UEPOUG TOV TTAPOUAAAOUOV TOV TAPEYOUV
oL punyavég ToAaTAmV eneEepyaoTmy.

Qot600, 0pLOUEVES AELTOUPYLKEG LOVADEG EMEKTAONG, EiTE TUTILKEG eite Tpitwv, EYOUV OYEdLAOTEL £TOL
wote va oehevdepdvouy to GIL 6tav ekteMoUV EpYOOieg EVIOTIKMV VITOLOYLOUMY OTTMWG GUUTTiETN 1)
katokeppotionds. Emiong, to GIL anelevbepwvetal mdvto otav extereite 1/0.

Amd v €xdoon Python 3.13, o GIL wmopei vo amevepyomonBel ypnopwomolmvtag T pviulon
-—disable-gil katd TN dloudPP®ON TG Kataokevns. Metd v kotaokeun tg Python pe avtyv
Ue QUTHY TV ETAOYY), 0 KOOLKOG TTPETmEL va eKTeleitan pue v emhoyh —X gil=0 1 agol pvbuiotel
1 petafinty) weptBaiovtog PYTHON_GIL=0. Auth 1 duvatotita emTpémel PEATIOUEVY amddoon yio
EQAPUOYEG TOMOATTAMV VNUATWV KoL SIEVKOMIVEL T (P11 TWV ETEEEPYATTMV TTOMATAMV TUPTVOV UE
aodotko tpomo. [N mepLocdTepeg hemrouépelec, deite to PEP 703.

hash-based pyc

'Evo apyelo Kpupng wnung bytecode Tov ypnOLUOTTOLEL TOV KATOKEPLOTIONO Kot L ToV Ypdvo TPo-
TTOTTOLNONG TOV OVTIOTOLYOV OPYELOV TPOEAEVONG VIO VAL TTPOCGOLOPLOEL TV EYKUPOTNTO TOV. BA. pyc-
invalidation.

hashable

IDLE

‘Eva ovtikeipevo eivan hashable v €xel pua Ty KATtokepUotlopoV o dev aAldlel moté kotd ) dudp-
KELoL TG ComMg tov (xperdeton o uéBodo __hash__ () ), ko uwopet va ouykplOei ue Ao ovtikeipevo
(xperaCetan o uébodo __eq  ()) . Ta hashable ovTIKEIUEVO TTOV GUYKPIVOVTOL G TTPOG TNV LOOTNTO.
TOVG TTPETEL VAL £XOVV TNV idL0L TLUT|] KATUKEPUOTIOUOV.

H Yrtap&n hashable kéiver éva aviikeipevo va topei va ypnowomoinei og khetdi AeEukot Ko wg uéhog
€vOGg GUVOLOU, ETTELDT QUTEG OL SOUEG DESOUEVYV YPNOLUOTOLOVY TUUEG KOTAKEPUATIOUOV.

Ta epLocdTEPQ ATd TO QUETAPANTA EVOOUATOWUEVO OvTLKELIEVA TN Python witopouv va kortakepuott-
0ToUV” TaL UETAPBANTA KOVTELVEP (OTTWG OL MoTeG 1) Tt AeELK @) dev elvan” ta apetdfAnto Koviévep (OTTmg
mhelddeg ko ta frozesets) LITOPOUV VoL KOTAKEPUATLOTOVY UOVO €AV TO. OTOLYELD TOVG ElVOL KATAKEPUO-
twouéva. Ta aviikeipeva mov eivar oTyumoTumo KAMLoewy ov opifovtal amd To ¥protTn UTopouv vo.
KAToKePUOTLOTOUV amtd mpoemAoyy). Oha ouyKpivovtal dvioa ekTog amd Tov e0utd TOUG) Kot 1 TUus
KATOKEPUOATLOUOU TOVG TTPOEPYETOL Atd TO id () .

"Eva. ohokAnpouévo meptBdhlov avamtuEng Ko udbnong yia thv Python. idle givoun éva fooukd mept-
Barov emeEepyaoiag Kat diepunvéon ov guvodeveton ord TV Ttk diavour| g Python.

Abavoro

AbOdvata avukeiueva givol o Aemrtopuépela vhiomoinong tg CPython tov oy 0n oty PEP 683.

Edv éva aviikeipevo givar abdvoto, o mAnbos avagopds Tov 8eV TPOTOTOLELTOL, KOL ETOUEVG OEV
exympeltal Toté evo extereiton o diepunvéac. o mapdderypa, True kow None elvor abdvota otny
CPython.

immutable

‘Eva avtikeipevo pe otabepn tuy. Ta ouetdpfinta avitkeipeva tepthaufavouyv apbuots , ouuforo-
oelpég Kau mhelddec. ‘Eva tétoto avtikeipevo dev pmopei vor odhGEeL. 'Eva véo avtikeipevo mpémel vo.
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dnuovpynOei edrv pémer vo omodnkeuTel o drapopetiky| tu). Maifouv onuavtikd pdro oe pépn 6o
wo otabepd amarteital, yio mopdderypno wg kheldi oe éva heEuLko.

£Loayouevo path
Mua Alota oo Tomobeoieg () kataywolioes diadpouns) Tov uropovv vo avalnmOouv path based finder
v va eloay0ovv modules. Kotd tv dradikacia eloorymyrg, avt 1 Aoto ue tomobeoieg ovvnlmg €p-
yetal amd sys.path, alhd yio ta vromoakéta pmopel emiong va £pOeL amd To YOPAKTNPLOTIKO TOV
mokétou yovéa __path_ .

£1oaywy)
H dradikacio katd v omoia 0 kmdukag g Python og éva module eivar dtofgoiun otov kmduka Python
evOg dAlov module.

EI0UYOYENS
‘Evo avtikeipevo ptopet ko va avalntel kou vo poptavel £va module” ko éva finder ko loader avi-
Keipevo.

dadpaoctikog
H Python éyet évov dLadpaotikd diepunvéa 6o onuaivel Ot WTOPELS VoL ELOGYELG ONMDOELG KAl EKPPU-
OELG 0TIV ELOAYWYT) EVIOLDY TOV SLEPUNVEQD, EKTEMDVTAG TEG AUETO KL EUPAVILOVTAG TA ATTOTEAECULOLTAL.
Amhidg ekKIVOTE TNV python ywpic opiouata (Oavdg emAEYOVTAG TO 0O TO KUPLO LEVOU TOV VITO-
Loyoth 00g). Amotelel évav amodotikd Tpomo yia va dokiudote véeg 1déeg 1) va eEetdote modules Ko
moakéto (OuunOeite help (x) ). o wepLocodTepa oyeTiKd (e T dLadpaoTikt| Aettovpyia, deite tut-interac.

interpreted
H Python eivau pia interpreted yYAdooa, o€ avtiBeon pe (o HETOYAWTTIOUEVT], 0V KoL 1) SLAKPLOT Umopel
va givat kow B0 Aoym tng apovoia tov bytecode uetayhmtTioty). Autd onpaivel 0tL To apyelo Tpo-
£\EVOTG WITOPOUV VO eKTEAEOTOVV autevdelog ywpig vo dnuovpyndel pntd évo exteréoo apyelo mov
omv ovvéyela exteleitar. O interpreted yYAdooeg ouvnOmg £xovv wkpdTEPo KUKAO avATuEN S/ evto-
TLOUOV CPOAUATMV ATtd TLG UETAYAWTTLOUEVES, OV KL TOL TTPOYPAUUOATA TOUG YEVIKA EKTELOVVTAL TTLO
apyd. B, emiong interactive.

TEPUOTIOUOS AELTOUPYINS diepunvia

‘Otov Tnreltol Tepuationds Aettovpyiag, o diepunvéas g Python eloépyetar oe pa eldikn pdon dmov
amelevbepDVEL 0TOALAKA OLOVG TOVG dLOTLOEUEVOUG TTOPOVG, OTTWG AELTOVPYLKEG LOVAOESG KoL TTOMOL-
mMég Kkpioeg eomtepikég dopéc. Emiong mpayuatomolel apketéc KMOELG 0TO GUALEK TS OKOVTLOLDV.
Avuto pmopel va evepyomomoeL TV eKTELECT] KMOLKA 08 KOTAOTPOPELG TTOV 0pllovTaL oo To xpNot 1
o¢ callbacks aoOevoig avtamokpioels. O KMALKAG TOV EKTELELTOL KATH T (AT TEPUATLOUOV AELTOVP-
viog umopei va ouvavtioer dudpopeg eEatpéoels, kabmg oL TOPOL 0Tovg 0Toiovs BacileTol evogyeTal
va unv Aettovpyovv whéov (Guvn o mapadeiynoto eivar or AettoupyLkég novadeg PLpAoONKng 1 o un-
YOVIOUOG ELOOTOOEMV).

O Baotkdg MOYog TepUATIONOU AeLTovpyiog Tou diepunvéa eivar 6t to __main__ module 1 ohokAnpo-
OnKe 1 eKTELETT TOV KMALKA TTOV ETPEYE.

iterable
‘Eva avuikeipevo tkavo va emioTpéPel to. LEAT Tov eva Kabe popd. TTapadelypota iterables mepihoufd-
vouv 6HLoVG Tov TUITOVG akohovOLMY (0mtig 11 st, st r, Kau tuple) Kat uepLtkovg THIovg U akorovdiag
omwe dict, avukeuevo apyelov, KoL OVTIKELEVO OTTOLOVONTTOTE KAAGEMY TOV UITOPOVV VO OPLOTOVY e
o uébodo __iter_ () M ue pulo uébodo ___getitem__ () mwou vhomoLel T onuoolohoyio sequence.

Ta iterables umwopovv va xpnotnosomnBovv oe éva for pdyo Kot og Todd dhha onueio dmov ypeLdiCe-
Tow et akohovdio (zip (), map (), ...). Otav éva iterable aviikeipevo uetafiLpaletor wg dpLopo oty
EVOOUATOUEVY OVVAPTNOT iter (), emoTpépel Evav iterator yio aVTIKEIEVO. Autdg o iterator eivon
KAAOG Yol €VOL TEPAOUA OO £VaL GUVOLO TLUWV. ‘OTaV X PNOLUOTTOLEITOL ETOVOANTTTIKA, oVVHOWG deV &i-
VO ATTapoiTTO VoL KOAESETE TO 1ter () 1 va aoyolndeite udovol cog ue ovitkeipeva iterator. H dnhwon
for 10 KAVEL QUTOUATO YLOL EGAG, ONULOVPYMVTAG LLOL TTPOCWPLVY] LETOLANTH XWPLS dvoua yia va KpoTd
Tov iterator yio TV dudpkela tov fpdyov. Bh. emiong iterator, sequence, Kow generator.

iterator
'Evol OVTLKELIEVO TTOU OVTLITPOomITEVEL uuat pot) dedouévawv. Emavaloufovoueves KAOoeLg Tpog T ué-
00d0 __next__ () tou iterator (1] uetaSiPon TOU OTHV EVOOUATOUEVY CUVAPTNON next () ) emoTpé-

povv dLadoytka otoryeia oty pot). Otav oyt teproodtepa dedouéva eivan dtoOéotpa eyeipetor o eEai-
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peon StopIteration. Ze autd To onuelo, TO OVTLKEiUEVO iterator eEavTieiton Kou TuyOV TEPALTEP®
KMoelg ot uéBodo _ next_ () amhdg amhd eyeipovv Eavd to Stoplteration. Ouiterators mpé-
TTEL VO, EXOUV WoL ueEBodo __iter_ () mov emOTPEPEL TO D10 TO aVTLKELUEVO iterator, £TOL WOTE KAOE
iterator va. eival emiong iterable ko umopel va ypnopomonbel oto mePLocdTEP NPT OOV Yivovion
amodektol koL Ghol iterators. Mo aStoonueintn eEaipeon eivar 0 KOOLKOG OV emLyeLpel TOMAITAG
mepdoparta iteration. 'Eva aviikeipevo koviévep (0w éva 1ist) mapdyer évav kabapd véo iterator
K&Oe popd mov kA0 popd Tov pueTaPLBAlEToL 0TV CUVAPTNON 1ter () 1) TOV XPNOLUOTOLELTAL OF VO
for Bpodyo. Edv emyeipnoete outd pe évav iterator amhdg Oa emotpéete To idLo eEaviAnuévo ovi-
Kelpevo iterator ov ypNoLLOTOONKE 0TO TPONYOVUEVO TEPOOLLO iteration , KAVOVTOG TO VA (POALVETOL
ooV €vo AOEL0 KOVTELVEP.

Meproodtepeg mAnpopopieg wropov va fpebovv oo typeiter.

To CPython dev eapudlel pe ouvémelo TV amaitnon vo opilet évagiterator __iter_ () .Emiong on-
uewote ot £xdoor CPython pe ehelBepn vtoot)piEn vudtwv dev eyyvdton v aopdieo vnudtwv
yLo dLodLKaoteg (e iterators.

ouvaptnon key
Mo ovvapTnom KAEWSE 1] o cuvapTon TaELVOUNong eivorl uio SuvaTdTHTO KAHONG TOU EMLOTPEPEL (L0,
Ty Tou ypnotpomoteitar yio toEvounon 1 dudtokn. o mapddeyna, locale.strxfrm() ypnot-
LLOTTOLELTOL YLOL TV TTOPpay WYY VoG KAELOLOU TaEivounong mov yvmpilet Tig ovuBaoelg ToaEvounong yLo.
OUYKEKPLUEVEG TOTILKEG pUOULOELG.

‘Eva aplBudg epyodleimv oty Python &éyetar Paotkég ouvvaptoelg yio Tov €Aeyyo Tou TPOmov
ue Tov omoio Tt otouyeia Tavouovvior 1 ouadomoloUviol. Avtd mepéyovv min (), max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest(),
KoL itertools.groupby ().

Yrdpyouvv dLdpopol TPOTOoL Yol v dNUovpyNoete wo. ouvaptnon khewdov. To mapdderypo. n wé-
0080¢ str.lower () WTOPEL VO YPNOLUEVOEL WG OLVAPTNGT KAELDL YLOL TV TEPITTWOT WY dLAKPLONG
meCmv-Keparainv. Evallaktikd, o ovvdptnor khetdiov umopet va dnuovpyndel amd wa lambda
éxppaon 0mwg lambda r: (r[0], r[2]).Emiong operator.attrgetter (), operator.
itemgetter () Ko operator.methodcaller () &lvol TPELS KOTAOKEVAOTES FOOLKMOV OUVAPTN-
oewv. BA. to TaEwvounon HOW TO yua mapadeiypata dnuovpyiag kon pnong Pactkdy cuvapthoemy.

oprona keyword
BA. argument.

lambda
Mo 0vOVUIY] EVOOUOTWIEVY GUVEPTION TTOV OTTOTEAEITOL 0T IO LOVADLKT) expression M ogtoio aELo-
loyeiton 6tav koaheitanw 11 ouvaptnon. H ovvtoEn yio ™ dnuovpyia wog ovvdptnong lambda eivon
lambda [parameters]: expression

LBYL
Look before you leap. Avtd 10 oTvh KOdLKOTOINONG EMEYYEL PNTA TIG TTPOVTOOETELS TPLV TPOYUATOTOL-
No€L KA 0oeLg 1] avalnToels. Autd To OTul €pYETOL OE aVTIOEDN Ue TNV TPOGEYYLoN EAFP KoL YapoKT-
piteTon amd v mopovoia ToAmvV dnhwoewv 1 f.

Ze éva mepPdAlov TOAATAMY vNuaTwV, N tpocéyylon LBYL wropsi vo diakivduvevoel vo elodyet
wo ovvOfKn aydva uetall «the Looking» kol «the leaping». ['o tapdderyua o khdikag, 1f key in
mapping: return mappinglkey] WTOPEL Vo 0TOTUXEL €AV £va GANO VIO OlpaLp€oEL TO key o
TO mapping PETA T dokiut), OAG TPV mTd TV avolnmor. Avtd to mpdfinuo pmopetl va Aubel pe
KAeldwuorta 1 xpnopnomolmwvtag Ty tpooéyyion EAFP.

AeEkog avaiutig
Emionun ovouaoio ywo tov tokenizer - ). token.

AMoto
‘Eva evoopoatouévo Python sequence. Tlapd to Ovopo Tov, LWOLALEL TTEPLOGOTEPO LE EVaY VoK 08 GAAEG
YA®Oooeg Topd ue o ovvdedeuévn AMota, kabhg 1 TpodoPaon ota otouyel eivar O(1).

list comprehension
'Eva. oupstayng Tpodmog yio va eneEepyooteite Oha 1| LEPOG TV OTOLYEIWY 08 pLa 0KoAovbia KoL vo
EMLOTPEYETE WO MoTa ue To ommotedéopata. result = ['{:#04x}'.format (x) for x in
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range (256) if x % 2 == 0] dMWOUPYEL wa AMoTa CUUPBOLOCELPDV TTOU TTEPLEXOUV TVYOVG deKae-
Eadikotg aptBuovg (0x..) oto eVpog amtd 0 £mwg 255. H wpdtaon i £ eivol mpoarpetikt|. Edv mapaieipOsi,
oo TOL oToLYEleL 0TO range (256) vofarlovtal oe eneSepyaoiaL.

loader
‘Eva. avtikeipevo mov qoptwver éva module. TIpémer va opiler tig nuebodovg exec_module () Kau
create_module () yio ™V vhomoinon g demagng Loader. 'Evag loader ouvBwg emotpépetan
ue éva finder. Agite emiong:

o finders-and-loaders

e importlib.abc.Loader
« PEP 302

TOTKY] KWOKOTOIN oM
2o Unix, givat 1 kodikomoinomn g tomiky pubuong LC_CTYPE. Mropei va pubuiotei ue locale.
setlocale(locale.LC_CTYPE, new_locale).

Zta Windows, eivou 1) code page ANSI (;t.y. "cpl1252™).

Zto Android xow to VxWorks, 1 Python ypnouwtomotei to "ut £-8" g TomK KmdKomoino.
locale.getencoding () WITopEL va xpNOLUOTOLNOEL YLO TNV AVAKTI O TG TOTILKNG KMALKOTOINoNG.
B emiong to filesystem encoding and error handler.

noykt) uédodog
"Eva dtumo ouvadvuuo ya special method.

mapping
‘Eva. avtikeipevo Kovtéwvep mov vmootnpiler ovbaipeteg avolntoelg KAewdudv Kou VAOTOLEL
T uebddovg mov kabopifovior 0to collections.abc.Mapping W collections.abc.
MutableMapping abstract base classes. Ta mapodeiypota mepthapufdvovy dict, collections.
defaultdict, collections.OrderedDict kaiLcollections.Counter.

meta path finder
'‘Evag finder mov emotpdgnke e avalnmon oto sys.meta_path. Ou finders peta-diadpoung oyeti-
Covtat, aAAG dLapépovv amtd ta finders entry diadpoun.

B\ importlib.abc.MetaPathFinder yia tig uebddovg mov vhomolovy oL meta path finders.

ueTo-kKAaon

H xhdon wag khéong. O opiopoi kKAGomg dnurovpyotv éva dvouro KAGong, éva AeEtkd Khaong Ko o
Mota Baotkdv kKhGoewv. H peto-khaon givor vetfuvn yio Ty ardKTon outdv Tov TpLdv opLtopd-
TOV Kot TV dnuovpyia tg kAdone. Ot meplocoTepPeg OVILKELUEVOOTPEPELS YMDOOES TPOYPOUUUATLOUOV
TTOPEXOUV ULaL TTPOETUAEYEVT] VXOTTOINOT. AuTtd TTou Kdével tnv Python Egymploti eivan dtu givan duvari
1 duLovpYlo TPOGUPUOOUEVWV UETOKAAOEWMY. OL TEPLOGOTEPOL YPNOTES OEV Ypetdlovtal ToTté ovtd To
gpyoheto, ahhG OTOV TOPAOTEL OVAYKT), AUTO TO EPYOLELD, OL LETA-KAAOELS WITOPOUV VAL TTOPEYOVV LOY V-
péc, kKoupeg Moels. 'Exouv ypnoyomomOet yio thv Katoypogy Tpoooong xapaKTNPLOTIKMV, TV TPOo-
0ONKN AoPALELOG VNUATWOV, TNV TOPAKOAOVONON dnuovpyiag ovTLkKelévmy, Ty vhomoinom singletons,
Ko ToAAEG GMAEG epyaTies.

[eploodtepeg mAnpopopieg wropotv va fpefolv oto metaclasses.

uébodog
Mo ouvépTnon mov opiteton uésa 0to omua wag kKhaong. Edv kaleital og yopaKTnpLotiko (og e-
pirttwong avtg g KAGoNg, 1 uéBodog Ba MaPer avitkeipevo mepimtmong wg TpdTo TG argument (To
omoio ouvBwg ovoudteton self). BL. function Ko nested scope.

oepd avalvons uebodwv
H Zeipd Avahvong Mefodwv eivar 1 oelpd ue tnv omoia ot faotké KAAoELS avalntoUvTo Yo Eva LEAOG
Katd v ovolntnone. BA. python_2.3_mro yio AemTouépeleg Tov alyopifuou mov X pNoLUOTTOLEITOL ATd
Tov depunvéa tg Python amwd v €kdoon 2.3.

module
"Evol OVTLKELLEVO TTOV Y PTOLUEVEL DG OPYAVOTLKY LoVAda Tov kKmdLka tng Python. Ta modules éxouv évav
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YWOPO OVOUATMV TToU TTEPLEXEL avbaipeto aviikeipevo Python. To modules goptmvovtor oty Python pe
™V dradikaoio importing.

Bh. emtiong package.

TEYVIKES TTPOdLaypapés module
"Eva. namespace Tou JTEPLEYEL TIG TANPOPOPIES TTOV OYETITOVTOL UE TNV ELGOYMYY] TTOV Y PTOLLOTTOLOVVTCL
Yo TV @OpT™won evog module. Mia stepisttwon tov importlib.machinery.ModuleSpec.

BA. eziong module-specs.

MRO

BM\. method resolution order.

mutable
Ta evuetaAnTo aviikeipeva uropotv vo alAEouv Tig Tuég oG va Kpatioovy ta id () . Bh. extiong
immutable.

named tuple
O 6pog «named tuple» epapudletal yio 0molovonmote THmo 1 KAAGH oV KAnpovoueitar omd Ty
TILELAD L KOL TWV OTTOLWYV T GTOLYELC WTTOPOVY VO EVPETHPLOTTOLNOO0VV Elval TPOGRATLILL PN OLUOTOLMD-
VTAG ETOVUIA YoPpaKTNPLOTIKA. O TOTOog 1) 1) KAAOT WTopel va €yl Kot GAMOL Y OPAKTNPLOTIKA.

Io\hoi evompatwpévol tomot eivor named tuples, GUUTEPLOUBAVOUEVOV TOV TLUODV TTOV ETLOTPEPOVTAL

amd time.localtime () koL os.stat (). Eva ahho mapaderyna eivar 1o 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

OpLopEVeES avayvoPLoUEVES TTLELADEG elval EVOMUATOUEVOL TUTTOL (OTTMG T TAPATAVD Tapadelyuato).
EvolLoKTIKA, (o avayvoplopévn TAetado uropet vo dnuovpynbel amd £vov oplopd Kavovikng KAG-
o1g OV KAnpovouei amd tuple ko wov opilel ykupa medio. Mo tétoto KAAom umopel va ivan ypou-
pév ne to yépL N uopel va dmuovpyndei Kinpovoumvrog 1o typing . NamedTuple, 1 pe Ty factory
ouvapton collections.namedtuple (). Oitelevtaieg TeyVikég TPOTOETOVV ETTIONG UEPLKEG ETTL-
héov uefddovg ov umopel va unv Bpefolv og XeLPOYPOPES 1) EVOMUATWUEVEG TAELADES Ue OVOLLO.

namespace
To uépog dmov amodnkevetar wo petafinty. To namespaces VAOTOLOUVTOL WG AEELKA. YTAPYOUV OL
TOTLKOL, OL KAOOALKOL KoL 0L EVOMUOTOUEVOL namespaces KoOMg KoL oL £vOeToL namespaces 0€ AVIIKEL-
ueva (oe nebddovg). o Tapdderyua oL ouvaptoelgbuiltins . open KoL os . open () dlokpivoviol
aTtd TOUG YWPOVG OVOUAT™V Tovs. O xmwpot ovoudtwv fonbolv exiong tnv avayvooludtnTa KoL T ov-
vInpnowoTTa Kabotmvtag oapég toro module viomotel o Aettovpyio. I'ia mapdderypa, ypdpovtog
random.seed () Nitertools.islice () xkaBLotd capéc OTL AUVTEG OL GCUVOPTIOELG VAOTOLOVVTOL
artd To module random kow itertools, aviioTtouya.

TOKETO Namespace
'Eva package mwov ypnoueter uOvo mg KOVTELVEP YLOL VTTOTOKETA. Ta TAKETO Y MPOV OVOUATMOV UITOPEL
VO UTY €XOUV (PUOLKT] AVOITTOPAOTOON KoL OVYKEKPLUEVA VO unv glvar oav éva regular package emeidn
dev éyovvTo __init___ .py apygio.

To TaKéTo XOPOV OVOUATOV EMLTPETOUV 08 TOAAG TTAKETA Ue dUVATOTITO EYKATAOTAONG LELOVOUEVDL
VoL €XOUV €VOL KOLVO YOVIKO TTaKETO. ALAOPETIKA, OVVIOTATOL 1) XPNON EVOG regular package.

TN tepLocdTepeg mAnpogopies, deite to PEP 420 xou to reference-namespace-package.
BA. emtiong module.

nested scope
H duvotdmto avagopds oe wa uetafint) oe évav meptkhetdpevo optopd. Ta mapdderypo uo ov-
vapTnom mov opiletal péoa og wo GAA ouVAPTNOY WiTtopel Vo avagpépetal o LeTaAnTtég oty eEw-
TEPLKT] CUVAPTNON. ZNuelmote Ot to évOeta medio amd TPOETLOYTH AELTOUPYOUV UOVO YLoL Avapopd
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Kaw oL yo ekympnon. Ou tomikég petafAntég duaffaovral KoL ypagovTaL 0To E0MTEPLKO TEDIO EPap-
poyns. Ouoiwg, ou kaBolkéc uetafintég drofdtovv Kot ypdpouv otov Kabohkod ympo ovopdtwy. To
nonlocal smTpémel TNV eyypopn oe eEnteptkd mediol.

KkAdo1 vEOU oTUA
To tahd dvopa Y 10 €100 TV KAAGEMY Y PN OLUOTTOLELTAL TTAEOV Y10l OMOL TAL AVTLKELUEVOL. Z€ TAMOTEPEG
exdo6oeLg TG Python, povo oL KAAGELG VEOU OTUA WITOPOVOOY VO Y PTOLULOTTOLT|GOUV TIG VEOTEPES, EVEMKTEG
duvatotteg g Python émwg _ slots_ , descriptors, 1010t)teg _ _getattribute_ (), uébodor
KAGong, Kou otatikég uébodot.

OVTIKEIUEVO
OmoLadNmote dedouéva e KaTaoToon (YOPaKTNPLOTIKA 1) TUY) Kot KaBopLopévn ovpmepLpopd (ueédo-
dov). Emtiong, M telkn ookt kAo omolacdfmote new-style class.

BertioTomotuUEVO TTEdIO 0pATOTNTOS (SCOpPE)

'Eva mtedio opatdtnTog (scope) 0ov To ovOUATO TOV TOTKOV UETOPANTOV eival YvmoTo ue Befardtnta
OTOV UETOYAWTTLOTH KOTA TH UETOYADTTLON TOV KOILKA, EMLTPETOVTOG T BEATLOTOTOINGT TG TPOoPa-
ONG VL0 AVAYVOOT KoL EYYPap o€ autd ta ovopata. OL TomKol XMPOoL OVOUAT™Y YLo. GUVOPTNOELS,
YEVVITPLEG, GUVAPTNOELS coroutine, oUUTTUEELS (comprehensions) Ko eKpPAOELS YEVVIITPLOY BEATLOTO-
TTOLOVVTAL PUE OUTOV TOV TPOTTO. ZNUELWOT: OL TEPLOCOTEPES BEATLOTOTOLNOELG TOV BLEPUNVED EPAPUO-
Covtal og Oha To medio opaTOTNTOG WOVO eKEIVES TOV BacilovTal 08 YVWoTO GUVOAO TOTILKMV KoL Ut
TOTKMV HeETaBANTMV TTEpLopitovion o felTioTomotnuéva medio opaTdTNTaC.

TOKETO
"Eva. Python module mov ptopei va wepiéyel submodules 1) avadpoukd, vtomokéta. Texvikd, éva makéto
elvar pa hettovpyukt) povado Python pe éva _ _path_ yopoktnplotko.

Bh. emtiong regular package xou namespace package.
TUPAUETPOS
Mua £yKupn oviotnta o€ Evav oplopd function (| uéBodog) mov kabopilel Eva argument (1) 0€ OPLOUEVEG
TEPLITTOOELS, Opiopata) wov umopel va dexOel 1 ouvaptnomn. Yradpyovv mévte eldn mapouétpmv:
o MéEn-kAeldi 1) Oéon: kabopilel éva dpLopa Tov witopet vo petafipaotel gite Odoews N wg dptoua
AéEnG-kAetdiov. Avtd eivol To TPOoETAEYUEVO El00G TAPAUETPOV, VLol TAPAdELYUA foo KoL bar GTa.
akorovba:

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

o Oéoewe udvo: Kabopilel £va dpLopa mov uopel va mapéyetor uovo amd ) Béon. Ou mapduetpot
uovo B€omg WTopovV va, 0pLOTOVV CUUTEPLAAUBAVOVTOG EVOY XAPAKTHPO / 0T AMOTO TAPAUETPOV
TOV OPLOPOY GUVAPTNONG UETE OTTO AUTES, Yo Tapaderyua posonlyl xou posonly2 ota eENG:

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

o AéEnc-kAeldi udvo: kaBopilel évo OpLopa ov popel vo mopéyxetor udvo ue MEN Khewdi. Ou ma-
pauetpor povo yro AMEEN-KAedi Wtopotv va. 0pLoTolV ouUITEPILAUBAVOVTAG WL TTAPAUETPO OF-
ong 1 ok€To * 0TI MOTa TAPAUETPWY TOU OPLOUOY GUVAPTNONG TIPLY OITO QLUTEG, VLA TTOPASELY L
kw_onlyl xou kw_only2 ota axohovOa:

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

o uetafAinti Oéong: kabopilel OTL pumopel va mapaoyedel wo avbaipetn akohovdio optoudtmy O€ong
(emumhéov Twv oplopdtav Bong ov eivor 1N arodektd amd dhheg Tapouétpovs). Mia tétola
TOPAUETPOS WTOPEL VO OPLOTEL TPOCAPTDVTOG TO OVOULL TNG TTAPAUETPOV UE *, YLO. TTOPAELY L
args oto. akohovba:

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

o uetaPinth AéEn-kAeldi: kabopilel OTL umopovv vo apéyovrar cvdaipeto ToAG opiopata AEENG-
KAeLdLov (emuthéov Twv opropdtwv MENG KAEWdL00 Tov givan 0rodektd 0td dleg apauétpoug).
Mo tétole TOPAUETPOS UTOPEL VO OPLOTEL TPOCUPTMVTAS TO OVOUD TNG TOPAUETPOV UE * *, YLl
mopdderyuo kwargs OTmG TAPATAV®.
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O opdpeTpol wropotv va Kabopicouvy TO00 Ta TPOALPETLIKA OG0 KL T OITOLTOVUEVO OPIOUOTO. , KO-
OMG Ko TPOETUAEYUEVES TUIEG VLA OPLOUEVA TTPOOLPETLKG OPLOUALTAL.

BA. emiong v argument KotaympLon gupetnpiov, Ty epdtnon FAQ oyetikd pe 1 dtogopd petaso
OPLOUATOV KO TAPOUETPWY, TV KMAON inspect .Parameter, tnv evotnta function kaw PEP 362.

path entry
Mo pepovmuévny tomobeaio oto import path v omoio. oupfovieveton o path based finder yio va. Bpet
modules yia eLo0yYN.

path entry finder
‘Evag finder mov emotpépetat amd évav Kohovuevo oto sys.path_hooks (dnhadn éva path entry
hook) mov Eépel g va evtomiler modules e path entry.

B\ importlib.abc.PathEntryFinder yia tig uebddovg mov o entry finder dtadpoung viomotei.

path entry hook
"‘Eva kahovuevo ot Mota sys . path_hooks, To omoio emotpépel éva path entry finder eGv Eéper Twg
va Bpioker module o€ o cuykekpLuévn path entry.

path based finder
'‘Eva oo to mpoemmheyuéva meta path finders mov oavolntd évo. import path yuo modules.

path-like avrikeipevo
‘Eva aVTLKELIEVO TTOV avTLITpoomteveL €va path ovotiuatog apyeiov. ‘Eva avtikeipevo path givau gite
éva avTIKEipEVo str 1] bytes mov aviurpoowstevel £va path 1 £va AVTLKEIUEVO TTOV VLOTTOLEL TO TTPW-
tOKoMO os . PathLike. Eva avtikeigevo mov vtootnpilel o tpwtdkolro os . PathLike umopei va
petotpostel og path cvotpatog apyeimv str 1 bytes Kahdvrog thv ouvdptnon os . £spath () ” 1o
os.fsdecode () koL os.fsencode () UTOPOVV VO XPNOLWOTOLNOOVY YO TV EYYUNOT] EVOS OTTOTE-
Mouatog str M bytes, aviiotorya. EwlonyOn and tov PEP 519.

PEP
[Mpotaon Bedtiwong Python. ‘Eva PEP sivan évo €yypago oyedlacpot mov mapéyel IANpoQopieg oTny
Kowvotnta Python 1) mepuypdper wa véa duvatdtnta yio v Python 1 tig dradikaocieg 1 to mepiih-
Lov . To PEP Ba mtpémel va mop€youv (o GUVOTTTLKT) TEYVLKT TPOdLOYPOpY] KOl (Lot AOYLKY] YLt TO
TPOTELVOUEVOL Y OPOKTNPLOTLKAL.

Ta PEP mpoopiCovror va givar oL KUpLot unyaviopuol yior v pdtaot uovVILK®V VE®V XopoKTPL-
OTIKAV, Lo T OVAMOYT TANPOQOPLAV TNG KOLVOTITAS Yot Vo TNTNUOL KO YLoL TNV TEKUNPLDOoT TV
ATOPAoEMV OYEDLOOUOV TTOV €Youv eloay el otnv Python. O ouyypagéag tov PEP eival viteubuvog yio
TV 0LKodOUN 0N CUVaLVETNS eVTOG THG KOLVOTNTAG KOL TNV TEKUNPLDON AVTIOET™V OTOPewWV.

BL. PEP 1.

i
'‘Eva 0volo amtd apyeto o€ évav wovo Kotdhoyo (evOexouévmg amobNKeVUEVO OE APYELO Zip) TTOV GUW-
Baiovv og évo namespace TOKETO, OTWG opiletar oto PEP 420.

opopa O¢omng
BA. argument.

provisional API
"Eva. provisional API givar autd mmov éyer eokeupéva eEonpebdei oo tig backwards eyyunoelg cuppatoTn-
TAG TNG TUTILKNG BLBAOOTIKNG. AV KoL OEV OVOUEVOVTOL ONUAVTLKES OMLAYEG OF TETOLEG DLETAUPES, EPOTOV
ETLONUOLVOVTOL WG TTPOCWPLVES, alhayég un backwards cuufatotntog (LEypL KoL Katdpynon g ote-
TOPNG) WITOPEL VAL TPOKMPoUV eGv KpLbel amapaitnto amd Toug faotkovg Tpoypounatiotés. Tétoleg
odhayég dev Ba yivouv Gokoma - 0o cupfotv udvo edv amokoluOouv cofapd Oepelmon eraTTmuoTo
7OV FTOPOLELPONKAY TPV 0TTo T cuuTtepiinyn tov APL

Axoun xou yuo provisional API, ou pun backwards ouvpfoatég odhayés Bempouvvtar «hiom €oyatng
avaykne»- Ba eEakolovbei va yivetar kbOe mpoomdBera yio va Bpebel wa Aon backwards cupfoti
0€ TUYOV EVIOTILOUEVO. TTPOBANUOITOL.

Avti ) dradikooio emrtpémerl oty Turtikt BulodnKn va ovveyioel va eEeliooeTal pe TV Tapodo Tou
YPOVOU, YWPIG VO KAELOMVEL TPOPANUATIKG OAALOTA OYESLAOUOV VL0 EKTETAUEVES YPOVIKES TTEPLODOUG,.
BML. PEP 411 yio meploodtepeg AemTOUEPELES,
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provisional Tokéro
BA\. provisional API.

Python 3000
Wevdmvupo yia to ovvolo ekdooewv Python 3.x (emvonOnke spuv amd okt koupd dtav 1 kKukhogopio
™G €kd0oong 3 NTav KATL 0TO HOKPLVO PéEMLOV.) Autd ovoudleton emiong mg cuvtopoypapio «Py3k».

Pythonic
Mo 1déa 1) £va Koupdtt KOdLKa Tov akohoVOEL TTLoTA T 7TL0 KoLV tdudpota g yAwooog Python, avi
Vo VLOTTOLEL KMALKOL YPNOLUOTOLMVTOG £VVOLES KOLVEG ot dAheg YAmooes. Ta mapdderypa, £va Kowvo
wimuo otnv Python eivar va kéver wo emavéinym cave amd oha to otouyeio £vog iterable ypnoiuo-
mowwvtag wo dMiwon for. TTodég dhheg YADOOES TOV HEV £YOUV OVTOV TOV TUTO KOTAOKEVNG, £TOL OL
avBpwmol ov dev eivan eEotketmwuévol ue v Python ypnowwomolotv ueptkég @opég évav aptduntikd
peTpNTA:

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

Avtibeta, wo mo kabapn uébodog Pythonic:

for piece in food:
print (piece)

AVOYVOPLOUEVO OVOUQL
"Eva Ovopa ue KoUuKKideg mov deiyvel tn «dadpoun)» amd to Kabolkod eupog evog module oe pua kKAAoT,
ouvaptnon 1 uébodo mov opiletar oe avtnVv TV EVOTNTA, OTtwg opiletal oto PEP 3155. T'ia ouvaptioelg
Ko KAAOELS OVATATOV ETLITEDOV, TO OVOLYVWPLOUEVO OVOUOL ELVOL I8LO LIE TO OVOUA TOV OVTLKELUEVOU:

>>> class C:

class D:

def meth(self):
pass

>>> C._ _qualname
lcl
>>> C.D._ qualname_
'C.D'
>>> C.D.meth._qualname_
'C.D.meth'

‘Otav ypnoLpomoLeitol yio ovapopa oe modules , To TAOWS aVayvwELGUEVO dvoua ONUOLVEL OLOKANPO
To drakekoupévo path pog to module, cuvumephauBavouévav ToyxOV YOVIK®OV TOKETWVY T.Y. email.
mime.text:

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

i 00c avagopas
O aptBudg TV avapopmv o éva oviikeipevo. Otav 1o 00 avapopdv evOg aVTLKELUEVOY TETEL
070 UNdEV, Katovéuetat. Mepikd aviikeipeva eivan immortal Ko €xouvv TAf00g avapopwv Tov dev Tpo-
TTOTOLOVVTOL TTOTE KL ETOUEVIG TO. AVILKELIEVO deV Kotavépovtor oté. H xatauétpnon avoapopmv
vevikd dgv elval opaty otov kmduka tng Python, odAd eival faotkd atouyeio tng viomoinong CPython.
OL TTPOYPOUUOTLOTES WITOPOVV VAL KAMEGOUV T CUVAPTNON SYS . getrefcount () Yo VoL ETLOTPEYPOVY
70 TAH00G aVaPOPAG YLOL EVOL CUYKEKPLUEVO OVTLKEIUEVO.

In CPython, reference counts are not considered to be stable or well-defined values; the number of references
to an object, and how that number is affected by Python code, may be different between versions.

KOVOVIKO TTOKETO
'Eva mopadooiokd package, dnwg £vag KATGLOYOS Tov TepLéyeL éva __init_ . py opyelo.
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BA. emtiong namespace package.

REPL
Axpwviuo tov «read-eval-print loop», GAkn ovouaoio yio to interactive TepOALOV TOU dLepUnveQ.

__slots__
Mo dHhwon péoo o€ pLa KhAom Tov eE0LKOVOUEL uviun SNAMVOVTOG €K TWV TPOTEPWV XDPO YLCL T
PASELYUO XOPAKTNPLOTIKG Kol eEaleipovTog MeELkd oTLyoTimtmy. Av Kou SNUOQIAAG, 1) TEXVLKT eival
KATwg dUOKOAO VoL Yivel 6mOTI Ko TPoopileTol KaAITEPO. VLo GIIAVIEG TEPLTTWOELG OTTOV VITAPYEL UE-

YOLOG aPLOUOS OTLYIOTUTTMOV GE (0L EQOPUOYT KPLOWNG-UVIUNG.

akolovbic
'Evog iterable wov vtooTnpilel TV TOTENECUATIKT] TPOOPOAOY OTO GTOLEID YPNOLUOTOLDVTOG OKE-
porovg deikteg uéow tng eLdLKN neboddov _ getitem () xou opiler uo uéBodo _ len_ () mou
emOTPEPEL TO UNKOG TG akolovdiag. OpLouévol evomuatouévol Tomol akorlovbdv eivor 1ist, str,
tuple, kou bytes. Enuewnote 6t to dict vmootnpilel emiong _ getitem () kouw __ len_ (),
alG Bewpeital aviioTolylon Kol Oyl akolovbic emeldn oL avalntioelg xpnotpuoToovy avbaipeta
hashable x\eldLd TAPA OKEPOLOL.

H agnpnuévn paoikn khdon collections.abc.Sequence opilel o oA mo mhovoto die-
o) mov Eemepvd tor amhd __getitem_ () kow __len__ (), adding count (), index(),
__contains__ (),xo___reversed__ ().Ott0moL wov vhomolotv authy TV dtevpupévn diemop
uopovv va kKatoympnBovv pntd ypnopnoroiwvtag register () . [N meplocdTepn tekunplmon oye-
TKG pe TG uefddovg axorouvdiag yevikd, avatpéEte oto Common Sequence Operations.

set comprehension
"Evog ouumayng Tpomog yio va eneEepyaoteite Oho 1) BEPOg TV oToLyelmv e éva iterable Ko vo emi-
oTpapel €vo oUvolo e to ototeléopata. results = {c for c¢ in 'abracadabra' if ¢
not in 'abc'} dnwovpyei to ovvoro ovpporocelpwv {'r', 'd'}. BL. comprehensions.

pnovadiko dispatch
Mua popen dispatch generic function 6mtov 1) vhomoinon emAéyetal ue fAomn Tov THTo EVOG LELOVOUEVOU

oplouortoc.

slice
‘Eva aviikeipevo mov ouvi|fmg mepLéyel £vo tunpua tag akohovdiog sequence. Anpovpyeiton éva slice
YPNOLUOTOLMVTAG T onueimaon subscript, [] pe dvo kot KGtw teleieg ueto€l apbudv otav divovio

toAhol, OTwg 0to variable_name[1:3:5]. H onueiwon aykiing (subscript) xpnOLUOTOLEL EGWTE-
pLKG avtikeipeva slice.

OTOPYOLOUEVY UE 1)TTL0 TPOTO
'‘Eva astapyotwuévo e 1o tpdmo API dev Ba pémer vo pnoLomoLeitol og vEo Khdtka, alld eivar
aoparéc ag NON vtdpyovro kmdika va to xpnoposotel. To API mapopével TekunpLmuévo Ko doKLua-
ouévo, ol dev Ba evioyviel mepartépw.

H xatdpynon pue no 1pdmo, oe aviifeon pue v Kavovikn Katdpynot, dev oyxedidlel Tnv Katdpynon
tov API xou dev Oa exmépmeL ELOOTOL|OELG

Agite PEP 387: Soft Deprecation.

€191k pédodog
Mo uéfodog mov Kaheitol olmmnpd amd v Python yia vo ekTeAEoEL (o oLYKEKPLUEVT) hettoupyia oe
évav timo, dmwg 1 Tpoodnk. Tétoleg péBodol £xouve ovopata Tov EeKLvoUv Kol TELELMVOUV e SLTAEG
Kdtw mavkec. Ou eldikég uéBodol TEKUNPLOVOVTOL 0TO0 specialnames.

standard library
The collection of packages, modules and extension modules distributed as a part of the official Python interpreter
package. The exact membership of the collection may vary based on platform, available system libraries, or
other criteria. Documentation can be found at library-index.

See also sys.stdlib_module_names for a list of all possible standard library module names.

dMlwon
Mua tpdTaon eivar uépog uag oovitag (§va «umhok» Kodika). Mo tpdtao eival eite évag expression
elte wa oo wodhég douég e o AEEN-Khewdi 6mwg i £, while 1) for.
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EAEYK TG OTATIKOV TUTOV
"Eva eEmtepukd epyaieto dmmov dafdlel Tov Python kddika KoL Tov avalvel, avalntmviog Tpopfiiuoto.
omwg havbaouévol Tomol. BA. extiong rype hints ko to module typing.

stdlib
An abbreviation of standard library.

strong reference
Zto C API g Python, po woyvph avagopd eivol pa avogopd oe £va OVTLKEILEVO TOU OVIKEL OTOV
KddLKo Tov mepLéxel v avagopd. H woyvpn avagopd hopfdveton kohdviog to Py INCREF () Otav
1 avapopd dnuovpyeitol Kou aehevbepmvetol e Py DECREF () OTOV SLOYPAPEL 1] Ava(popd.

H ouvaptnon Py_NewRef () Wropei vo xpnouootn0el yia T dSnuovpyia loyuphg avapopag oe va
avtikeipevo. Zuvnbwg, N ouvapton Py _DECREF () mpémel vo KAAEITOL 0TV LoYvpy avopopd pLy
ByeL amd o €VPOG TG LOYVPNG AVOPOPAGS, VLo VO OTTOPEVYOEL 1] dLOPPON ULOG AVAPOPAGS.

Bh. emiong borrowed reference.

KWOKOTOIN01 KENEVOY
Mo ovpBorooelpd otnv Python eivan o axohovBio onueiwv kmdika Unicode (oto eVpog U+0000-
U+10FFFF). [No va amobnkedoete 1 va UeTapEPeTe (o OUUPBOLOTELPA, TPETEL VO OELPLOTTONOEL ™G
duadikn axolovbia.

H oepromoinom wog ovpporooelpdc oe pua Suadikt| akorovdio eivol Yvwot) mg «KmdLKomToinon» , Kat
1 avodnuovpyia g oupporooelpdc amd ™V dvadiki akohovbia eival YvmoT mg «amoKmdLKoToi-

nom».

Yrdpyel o wolkihicn SLapopeTikg OELPLOTTOinong KeLévou codecs, oL 0TToioL CUALOYLKG avapEéPOovTaL
WG «KMOLKOTOLNOELG KEWUEVOU».

OPYELD KEWWEVOU
'Eva file object tkavd va. SafBael Ko vor YpAgpeL aviiKeipeva str. Zuyvd, Evo apyeio KELWEVOL AoKTa
TPAYUOTLKG TPOOBO0T OE (o por) duadikt) por) dedouévmv Kal XeLpIleTol autopata TV fext encoding.
TMopadeliyuatao apyeiwv KEWEVOU Elval apyela Tov avoiyovy o€ Aettovpylo kewwévou ("r' M "w'), sys.
stdin, sys.stdout, kot oTLyWwoTUTO TOV 10. StringIO.

B\. emiong binary file yia éva ovTiKeiuevo opyeiov pe duvatdtnta avayvmong Kot eyypapng dvaducd
avTKelueva.

AekTiko ovpforo (token)
Mo pkpn) povado nyaiov Kmdika, wov mapdyetar amd tov lexical analyzer (Yvwotd koL g avalvtr)
(tokenizer)). Ovouata, opLtOuot, CVUBOAOCELPES, TELEOTEG OMMAYES YPOUUNG KOL TTOPOUOLOL OTOLYELOL OLVOL-
mopiotavtol og AekTikd ovufoia (tokens).

To module t okenize ekBétel Tov heEukd avaluti tng Python. To module t oken mepiéyel TAnpogopieg
YOl TOVG dLAPOPOUS THITOVG AEKTIKDV GuUBOAmV (tokens).

oUUPOAOGELPE TPUTAMY ELCAYWMYIKOV
Miat oupBoROCELPG TTOU HECUEVETOL OITO TPELG TIEPLITTWOELG ELTE EVOG ELTUYMYLKOD (») 1] LAG ALTTOOTPO-
@ov (). Av Kai dev mapéyouv Kauia Aettovpytkotta mov dev eivar diabéoun pe ovppfolooelpés e
ROV ELOAYWYLKA, €ivol YXPTOLIES Yo dLapdpoug AMOYOUS. Zog EMTPETOUV VO, CUMITTEPIAAPETE LOVA Ko
AUTAG ELOAYYLKA X WpPig dLopuyn) 0€ o CUUBOAOTELPA KoL UWITOPOUV VoL EKTEIVOVTAL OF TTOMES VPO~
HEG xwpig TN XPNHOTN TOV YAPOKTHPA CUVEXELD, Kablothvtag To Wiaitepa yprotua Katd t ouvian
eYYPAPWV e CUUPBOLOOELPEG.

TOMOC
O timog evog Python avtikewévou kabopilet T eidovg avrikeipevo eivale KaOe avikeiuevo €xel évay
T070. O TUTOG EVOG OVTIKEWEVOU ELVOL TTPOOBACLILOG WG TO YOPAKTNPLOTIKO _ class_ 1) WIopEl va
avaktnOel pe type (obj).

type alias
"Evo. GUvV@VUUO Y10 VAV TUTTO, TTOV dMuovpyeitan pe v avafeon Timov oe Vo ovoryvwpLoTiKo.

Ta type aliases eival ypnowua yio v amhomoinon rype alias. Two tapaderypa:
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(def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int,.
—int]]:
pass

WITOPEL VL YIVEL TTLO EVAVAYVOOTO OTTWG:

Color = tuple[int, int, int]

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

L J

B\. typing xouw PEP 484, mou mepuypdgper autiv Ty AeLToupytkotnTa.

type hint

'Evag annotation wov KaBopilel Tov avapevouevo THIo yLo. (ol LETABANTY), £va X opaKTnpLoTko KAdong
1 WOl TTOPAUETPO OVVAPTNONG 1] TULY] ETTLOTPOPNG.
O vitodei&elg TOmwv (type hints) eivar Tpoarpetikég ko dev emBdihovton omd v Python, odAd eivon

YPNOLWES YL static type checkers. Mmopotv emiong va fondnoouvv tovg IDEs pe t ovumipwon Kot thy
AvVadLOUOPPWOTN KMALKA.

YnodeiEeig tomov (type hints) yio KaBohkég peTafANTEG, YOPAKTNPLOTIKE KAAONG KOL OUVOPTY-
oelg , OMG Oyl ToTkég petafAnTég, WITopovV VA TPOOTEAACTOUV YPNOLUOTOLWVTAG TO typing.
get_type_hints ().

B\ typing kauw PEP 484, mov meprypdper autv Ty AeLToupyLkoTnTa.

Kofohkég véeg ypauués

"Evo tpOmog epunveiag pomv KeWWEVOU aTov 0mtoio OAa T akOhouba avayvwpiloviol wg MEeLG oG
ypouung: 1 ovppaon téhovg ypapuhg tov Unix '"\n', 1 oVupaon tov Windows '\r\n', Kou v ma-
Mé ovufoon Macintosh "\r'. Br. PEP 278 xou PEP 3116, xa0d¢ KoL bytes.splitlines () ywo
tpdobeTy ypnHon.

annotation petafinrig

'Evag annotation o, PETOPANTNG 1] EVOG YOPOKTNPLOTLKOU KAAOTG.

‘Otov annotating puo LETOBANTY 1 va xopakTnpLotikod KAGong, 1 avabeon eivol TpoapeTikn:

class C:
field: 'annotation'

Ta annotations HETAPANTOV XPNOLUOTOLOVVTAL CUVIOWGS YLOL 1ype hints: Y10 TOPAdeLYUa auTh M LeTaPAnNT
avouévetal vo el Tiég int:

[count: int = 0 }

H ovvta&n annotation petaAnTig meprypdpetal oty evoTnTo annassign.

BA. function annotation, PEP 484 xouw PEP 526, mov meprypdpouv avuty| T Aertovpyia. Agite emiong
annotations-howto yia BENTLOTEG TPAKTIKEG OYETLKA UE TNV EPYOOLO LE OYOMACUOVG.

virtual environment

"Evo. ouveEPYOTUKA OTTOUOVOUEVO TTEPLBAALOV YPOVOU EKTELEDTG TTOV ETLTPETEL OTOVG YPNOTEG KOL TLG
epapuoyég g Python va eykataomoouv kou vo avafaduicovv makéto davoung Python ywpig va
mapeuPaivouv oty ovuePLpopd GAmY epapuoydv Python mov extehotvial 0To idLo cvoThua.

B\ emiong venv.

virtual machine

"Evag vitohoylotig opiletor €€ ohokApou artd To Aoyiopukd. H eukovike| unyoavn tng Python extehei To
bytecode OV EXTEUTETOL ALTTO TOV PeTAYAWTTLOTY bytecode.
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walrus operator
A light-hearted way to refer to the assignment expression operator := because it looks a bit like a walrus if
you turn your head.

Zen g Python
Katdhoyog oyedLA0TIKOV apy DV KoL (PLAOGO@LMV TOU ELVOL YPTOLUES YLOL TV KATAVONOT KL T (P10
™g Yhwooog. O Katdhoyog umopet vo Bpedel minktporoydviog «import this» otnv dLodpaoTiky
KOVOOAQ.
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2 XETLKA PE TNV TEKUNPlwon

H texunpiwon g Python €xel dnuovpynOei amd ta reStructured Text sources Tov Sphinx, évav eneSepyaot
EYYPAPMV oV £xeL dnuovpynOel eldLkd Yo Ta £yypapa tg Python.

H avamtuEn tov eyypdewv kol Tov epyaleimv Toug eivat e€” ohokApou eBehovtiki] TtpoomtddeLa., dwg Kat
1 idua 1 Python. Edv 0éhete va ouvelopépete, piEte wa potid oty oelido reporting-bugs yio Anpogopieg
OYETIKEG e TO TG VO, To Kdvete. Kawvouprol eBehoviég eivan mavta evmpdodektol!

[ToAAég vy OpLOTiES TTNYALVOUY OTOVG:

o Fred L. Drake, Jr., Tov dnpuovpyd tov apytkmv epyoleimv g tekunpinong mg Python kot ouvtditn
OPKETOV TEPLEYOUEVOL

« 1o Docutils tpdtlekt yia Tqv dnuovpyio tov epapuoywv reStructuredText kow Docutils-

o Fredrik Lundh yio to 81x6 tou Alternative Python Reference mpotlext amd 1o omoio to Sphinx mjpe woht
KaAég 10éec.

B'.1 ZuvteAeoTEQ OTN TEKUNPiwon tTng Python
IMoAhol GvBpwmoL éxovv ouvelopéper otn yAwooo Python, tnv Bupiobnkn g Python, kol to €yypago tg
Python. Aeite Misc/ACKS otig mtnyég dravoung g Python yia wo Aoto tov ouvieheotav.

Movo e T ouUBoAT| KoL TIG CUVELOQOPEG THG KoLvotntag tg Python, 1 Python €yeL tétola vépoya éyypapa
- Zag evyopLotovpe!
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4
NAPAPTHMA [

lotopla kat Adela

.1 Hotopia Tou AoyLoHLKOU

H Python dnuovpyndnke otig apyés tov 1990 amd tov Guido van Rossum oto Stichting Mathematisch Centrum
(CWI, BA. https://www.cwi.nl) omnv OdMavdio wg duddoyog wa yhwooog tov ovopdaietan ABC. O Guido mo-
pauével o KUpLog ouyypapéag tng Python, tapdia ovtd mephoufdver ouvelopopés Kat amd dilo dropo.

To 1995, o Guido ouvéyioe to €pyo tov yio TV Python oto Corporation for National Research Initiatives (CNRI,
BA. https://www.cnri.reston.va.us) 6to Reston tg Virginia, 07t0v kukho@opnoe ToAES EKOOOELG TOV AOYLOULKOV.

Tov Mdéuwo tov 2000, o Guido ko 1 Baoikn} oudda avdmtuEng tng Python petokduoay oto BeOpen.com yuo.
va oynuatiocovv v oudda BeOpen PythonLabs. Tov Oktwfpro tov idtov €tovg, | ouddo tov PythonLabs
uetokouoe otnv Digital Creations, 1 omoia petatpannke oe Zope Corporation. To 2001, to Python Software
Foundation (PSF, BA. https://www.python.org/psf) dnutovpyhOnke wg évag un KepOOTKOTLKOG 0pYOVIOUOG UE
0TOY0 VO KOTEXEL TNV TTVELUOTLKY) LOLOKTNOL0 Tov oyetiletan pe thv Python. H Zope Corporation tov uéhog-
yopnydg tov PSF.

‘Oleg oL exdO0eLS TG Python eivar Avorytov Kmduka (BA. https://opensource.org yio Tov oplopd tov Avolytov
Kodika). Iotopikd ou meploodtepeg, arhd Oyl Oheg, exddoeLg TG Python fitay emiong ovufotéc ue mv ddea
GPL: 0 mopokdtm mivakag ouvopilet tig dudpopeg ekdOOELS.

‘Ekdoon Mpoepxduevn ard  ‘Etoq [dloktnoia  ZupPatotnta GPL; (1)
09.0émwg 1.2 &/v 1991-1995 CWI VoL
1.3éwg1.52 1.2 1995-1999 CNRI VoL
1.6 1.5.2 2000 CNRI oL
2.0 1.6 2000 BeOpen.com Oy
1.6.1 1.6 2001 CNRI va (2)
2.1 2.0+1.6.1 2001 PSF oYL
2.0.1 2.0+1.6.1 2001 PSF VoL
2.1.1 2.1+2.0.1 2001 PSF vou
2.1.2 2.1.1 2002 PSF vou
2.1.3 2.1.2 2002 PSF vou
2.2 xou whvew  2.1.1 2001-onuepa.  PSF vou
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O Ihusioon

(1) H ovppatotra ue GPL dev onuaiver 6t dravépetor 1 Python kdtw amd v ddewor GPL. ‘Oleg ot
adeieg g Python, oe avtifeon pe tv GPL, cog emttpémouy vo. SLOVELIETE ULd TPOTTOTTOLNUEVT EK-
doon ywpig vo KaveTe Tig ahhayég oag, ovolytov kmdika. Ot adeteg ue ovppatotnta GPL xabiotoiy
duvatd Tov ovvdvaoud g Python pe dilo Aoyioukd mov kukhogpopet ue pdoel tg GPL, evad ou G-
Leg OyL.

(2) ZOupwva pe tov Richard Stallman, 1.6.1 dgv eivar ouufoty) pue tnv GPL, emedn 1 ddera tng €xeL vo-
wKh prTpa emAoyns, Zoppwva ue to CNRI, wot600, 0 d1knyopog tov Stallman &ime otov dtkNyopo
™G CNRI 6t 1 1.6.1 «dev eivar ovufaty» pe v GPL.

Xéapn, otovg mohhotg eEmTeptkolg 0elovTég mov epydotnkav Katw amtd g 0dnyieg tov Guido, autég ot
EKOO0ELG EYLVALY EPLKTEC.

.2 Opol kal nipoUmnoBEoceLg yLa TNV Mpéopaocn 1} TNV XPrion tTng
Python pe aAAoug tpoémoug

To Moywopko tg Python ko 1 tekunpiworn adetodotovvion ovppmva we v adewa ypnong Python Software

Foundation 'Exdoon 2.

Eekivaovtag amxd v Python 3.8.6, mapadeiyuata, ovvtayég kol 0 GAOG KOdIKAG 0TV TEKUNPlwa Exouv
St ddela xpNomg, ovpupwva pe v Adewa PSF 'Exdoon 2 kaw tg Zero-Clause BSD doeia.

Kdémolo hoyoukd mou givar evowuatmuévo otny Python eivoar vd dragpopetikég adeteg ypnons. OL adeteg
ToPOTIOEVTOL LE KMOLKO TOV EUTTLTTTEL 08 AUTHV TNV adera. Agite Adeies ko Evyapioties yio Evewuatwuévo
Aoyiourd o oL EMITT AMoTo QuTdv TV adeLdv.

".2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

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

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

software ("Python") 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 alone or in any derivative

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

copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All._
—Rights

Reserved" are retained in Python 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 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.

(ouvéyela oty emtduevn oehida)
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—~to Python.

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

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

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

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

USE OF PYTHON WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

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

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,.
—O0r any

third party.

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

2.2 ZYMoQNIA AAEIAZ BEOPEN.COM I'l|A PYTHON 2.0
SYM®QONIA 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

(ouvéyela oty eV oehida)
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Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.

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

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

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

USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE.
. SOFTWARE FOR

ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
OF USING,

MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN.
o 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 1in a

trademark sense to endorse or promote products or services of Licensee, .
—0r 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

(ouvéyela otV oV 0ehid)
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grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 1.6.1 alone or in any derivative.
—version,

provided, however, that CNRI's License Agreement and CNRI's notice of.
—copyright,

i.e., "Copyright © 1995-2001 Corporation for National Research.
—~Initiatives; All

Rights Reserved" are retained in Python 1.6.1 alone or in any.
—derivative version

prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,

Licensee may substitute the following text (omitting the quotes) :
—"Python 1.6.1

is made available subject to the terms and conditions in CNRI's License

Agreement. This Agreement together with Python 1.6.1 may be located on.
—~the

internet using the following unique, persistent identifier (known as a.
—~handle) :

1895.22/1013. This Agreement may also be obtained from a proxy server.
—on the

internet using the following URL: http://hdl.handle.net/1895.22/1013".

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the.
—~derivative
work available to others as provided herein, then Licensee hereby..

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

‘*}1.6-1-

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. .

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

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

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

—USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1.

—FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY.

—~DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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.
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—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.

r.2.4 ZYMoOQNIA AAEIAZ CWII'lA 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.

(ouvéyela otV oV 0ehid)
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—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.

".2.5 ZERO-CLAUSE BSD AAEIA I' A TON KQAIKA ZTHN TEKMHPIQZH THZ
PYTHON

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 Adeleg katL Euxapiotieg yia Evowpatwpévo AOYLOULKO

Avti M evotita givor o nutelic, odd avEavouevn Moto adewmv KoL EVyapLoTImV Yo, AOYLoWKOS Tpitmv,
IOV EVOOROTOVETAL 0TV dtavour| g Python.

".3.1 Mersenne Twister

H enéxtaon _random C mov Bpioketor KAtw omd v evoTto random TePLauPAVEL VOV KMOOLKO |Ie
Baon wa AYn amd http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html. Axohov-
Bouv Katd MEN ta oy dha amtd To apyLKO KhdLKaL:

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.

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT.
—~OWNER OR

CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

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

M.3.2 Sockets

H evdtnta socket xpnowwomoLel Tig ouvaptoels, getaddrinfo (), KoLgetnameinfo (), To omoio £xouv
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

Ouevomteg test . support .asynchat koL test . support .asyncore mePLEXOUV TV TAPAKAT® E100-
moinon:

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 evomto http.cookies mepéyeL TV mopaKdT® £100TOINON:

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.

M.3.5 Avixveuon eKTéAeong

H evomto trace mepLéxel v TapokdTm eL80ToINoN

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...

err... reserved and offered to the public under the terms of the
(ouvéyela oty eV oehida)
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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 Zuvaptioeig UUencode kat UUdecode

The uu codec contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard
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M.3.7 KAnfoeig Antopakpuopgvng Atadikaciag XML

H evomto xmlrpc. client mepiéyel v mopakdtw €100moinon:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

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

M.3.8 test_epoll

Hevomto test.test_epoll mepLéyel TV TOPAKATO ELOOTOINON

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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r.3.9 Eruioyn kqueue

H evomta select mepiéyel v Tapakdtm eldomoinon yio v kqueue diemopi):

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 mepiéxer v vhomoinon tov Marek Majkowski tov olyopiBuov tov Dan
Bernstein, SipHash24. Autd mepléyel v mapakatm onueinon:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a.

—COopy
of this software and associated documentation files (the "Software"), to.
—deal

in the Software without restriction, including without limitation the.
—rights

to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little?2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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M.3.11 strtod kaw dtoa

To apyelo Python/dtoa. ¢, mov mapéyel g ovvapthoelg dtoa ko strtod tng C yio petatporm twv C doubles
7TPOG Ko atd strings, poépyetat amd to oumdvupo apyeto tov David M. Gay, mtpog to mopdv diabéoiuo amd
https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c. To apyikd apyeto, dmwg avokt-
Onke otig 16 Maptiov, 2009, epiéyel Ta axOAOVO TVEVUATIKG SLKOLDUOTA KOL TV ELO0TOIN0N 0dEL0dOTN-

ong:

/****************************************************************

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.

**************************************************************/

M.3.12 OpenSSL

The modules hashlib, posix and ss1 use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
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.
(ouvéyela oty eV oehida)
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"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,
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)

(ouvéyela otV entopevn oehida)
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with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

(ouvéyela otV entopevn oehida)
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6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even i1if 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

.3.13 expat

H enéxtaon pyexpat dMUWOUPYELTOL XPNOLUOTOLMVTAG £VO CUUWTEPINOUBOVOUEVO OVTLYPAPO TMWV TTIYMV
expat, ektog edv 1 €kdoom £xeL TNy pUOULON ——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:

(ouvéyela oty eV oehida)
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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

H enéxtaon g C _ctypes mov Bpioketor KATW o6 TNV €VOTNTO ctypes dNWOUPYELTOL XPNOLUO-
moLdvTog €va ovumepthapupavouevo avtiypago twv mnydv libfli, extdg edv 1 €ékdoon €xer v pubuom
——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.

r.3.15 zlib

H eméxtaon z1ib dnulovpyeital ¥p1oLULOTOLMVTAS VO CUUTEPLAAUBAVOUEVOL avTiypapo TV Tnydv zlib,
eqv 1 £xdoom Tov zlib tov BpiokeTol 0To CVOTNUO ELVOL TTOA) TTOALA YLOL VAL X PN OLULOTTOLNOEL YL TNV KATOOKEVT):

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
(ouvéyela oty eV oehida)
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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 vhomoinom tov mivaKo KatoKepUOTLoNoy JTov ¥PNoLUoToLeiTan artd to tracemal loc faciletol 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
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

H enéxrtaon _decimal mov Bpioketar KGtw omd Vv evotnta decimal €lvol (QTIOYUEVY YPVOLUOTOLD-

vtag éva ovumepthapufavopevo avtiypogo g BprodNkng libmpdec, extdg av 1 €kdoon éxer pubuLom
—--with-system-1libmpdec
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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 doKLHuNiQ

H covita doxiurig C14N 2.0 oto mokéto test (Lib/test/xmltestdata/cl14n-20/) avaktibnke amxd
tov totdtomo tov W3C https://www.w3.0org/TR/xml-c14n2-testcases/ ko drovéuetar pe thv adewa 3 pNTpwv
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:

* 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
(ouvéyela oty eV oehida)
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{OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

.3.19 mimalloc
MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a.
—COpYy

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 SHALIL 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.3.20 asyncio

Mépn g evotntag asyncio evomuatmvoviol axd to uvloop 0.16, 1) omoia dtavéuetan ue ddewor 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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M.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr. c is adapted from FreeBSD’s «Global Unbounded Sequences» safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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 unmodified, 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 "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 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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H Python ko vt 1) Tekunpiwon eivod:

Copyright © 2001-2024 Python Software Foundation. All rights reserved.

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 010 lotopla kar Adea Yo TPNG TANPOQOPNON OYETIKE te TNV AdeLa YpNoNG Ko Tig eE0V010d0-
THOELG.
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