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Autd to €yypapo mepLypdpel g va ypdpete modules e C 1) C++ yioL Vo ETEKTEIVETE TOV dLEPUNVED TG
Python pe véa modules. Autd to modules dev WtopoUv LWOVO VO 0PIOOUV VEEG GUVAPTNOELS OMAA Ka vEOug
TUTOVG AVTIKELUEVWV KoL TLG 1eBOd0VS Tove. To €yypao emiong epLypapeL WG VO, EVOMUOTOOETE TOV dlep-
unvéa g Python oe por G epapuoyn, doTe vo XPNOLUOTOLELTOL WG Yhmooo etéktaonc. Télog, deiyvel mwg
Vo LETOYAMTTICETE Ko va ovvdéete to modules eTEKTAONG MOTE VO WITOPOVV VAL (POPTDVOVTOL dUVAULKA (KATA
TNV EKTELEDT]) OTOV SLEPUNVEX, EPOCOV TO VTTOKEIUEVO AELTOUPYLKO GVOTIILA VTTOOTNPILLEL AUTNHV TN AELTOUPYiCL.

Avtd 10 €yypapo mpoimobétel faoikés yvioelg Python. Ta wo avemionun elooywyn ot YAwooao, deite To
tutorial-index. To reference-index mwopéyeL Evov mo emionpo oplopwd g yawooac. To library-index texunpudver
TOUG UTTAPYOVTIES TUTTOVG AVILKELUEV@YV, TLG OUVAPTHOELG KoL To. modules (EVOOUATOUEVO KOL YPOUUEV OE
Python kot ta §00) OV TPOGPEPOVV 0TI YAMOGA TO EVPV TEDLO EPAPULOYDV TG,

To o Aeeropept| eprypapy) ohoxkAnpou tov Python/C API, deite To Egyxwplotod c-api-index.
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KE®AAAIO 1

MpoTtewvoueva epyaleia Tpitwv

AvToG 0 00NYOG KAAMITTTEL LOVO TOL BOOLKA EPYONELD YLOL T dNUOVPYLCL ETEKTAOEWMY TOV TAPEYOVTOL WG UEPOG
avthg g €kdoong g CPython. Opiopéva third party tools mpoo@épovy amhoVoTePe Kat Lo eEeMYUEVEG
npooeyyioelg yio ™ duovpyia enektdoewv C kaw C++ yia Python.
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KEDAAAIO 2

Anpoupyia enektdoewv Xwplg epyaleia Tpltwy

Autd 10 Pépog Tou 001 Y0V Kahmtel T dnuovpylo enektdoewv oe C kaw C++ xowpig T fondeta epyodeimy
Tpitwv. Amevbivetal Kupimg og dNULovpyols ouTmVy ToV ePYOrEimV, Tapd wg tpotervouevy uébodog yua ™
duovpyia dikmv oag enektdoewv oe C.

e Asgite emiong

PEP 489 - Apyxomoinon molupaotkng Lovadag eméktaon

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.



https://peps.python.org/pep-0489/
https://cffi.readthedocs.io/
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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
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 spammi fy, 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. For convenience, and since they are used extensively by the Python interpreter, "Python.h" includes a few
standard header files: <stdio.h>, <string.h>, <errno.h>,and <stdlib.h>.]If the latter header file does
not exist on your system, it declares the functions malloc (), free () and realloc () directly.

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

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

6 Kegahawo 2. Anploupyia emekTacewv Xwpiq epyaleia tpitwv
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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 rrno. 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.

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 call malloc () 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

2.1. Extending Python with C or C++ 7
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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 overwitten 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;

}
return 0O;
}
static PyModuleDef Slot spam _module_slots[] = {
{Py_mod_exec, spam_module_exec},
{0, NULL}

bi

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

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

bi

PyMODINIT_FUNC
PyInit_spam(void)

{
return PyModuleDef_ Init (&spam_module) ;

J

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!

8 Kegahawo 2. Anploupyia emekTacewv Xwpiq epyaleia tpitwv
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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 PylLong FromLong (sts) ;

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) ; J

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):

return Py_None;

Py_INCREF (Py_None) ; J

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. Extending Python with C or C++ 9
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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 */

bi

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 = {
.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;

(OuvEyELa OTNY ETTOUEVT) GEMDOL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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
="

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);

/* 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 (&config);
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).

J

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. Extending Python with C or C++ 11
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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 Kataoxevr) Exektdoewv Ckar C++) 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 £i 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

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;

(ouvéyela oty eV oehida)
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}

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 temp 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;

/* 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 PyObJject_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;

(ouvéyela oty eV oehida)
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arglist = Py_BuildValue (" (1l)", 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) ;

J

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:1i}", "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) ;

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!') */
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ok = PyArg_ParseTuple (args, "l1lls", &k, &1, &s); /* Two longs and a string.
<—>*/
/* Possible Python call: f(1, 2, 'three') */

ok = PyArg_ParseTuple (args, " (ii)s#", &i, &3j, &s, &size);
/* A pair of ints and a string, whose size 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)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;

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

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

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 Ihusioon

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.
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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;

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

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

PyMODINIT_FUNC
PyInit_keywdarg (void)
{
return PyModuleDef_Init (&keywdarg_module);

2.1.9 Building Arbitrary Values

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

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

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

16 Kegalaio 2. Anploupyia EMEKTACEWV XWPIG EpYaAeia Tpitwyv


mailto:philbrick@hks.com

Extending and Embedding Python, Anpooiguon 3.14.0rc2

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

"abc", 123, "def", 4506) {'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 (). Itis important to call free () 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
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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.

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.

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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The function Py Import_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:

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

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 tothe __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) ;
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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! */

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.

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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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.

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)

(ouvéyela oty eV oehida)
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{
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:

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 O;

Note that PySpam_APT is declared st at i c;otherwise the pointer array would disappear when Py Init_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

(ouvéyea oty exopEVn oehida)
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#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam API_pointers 1

#ifdef SPAM_MODULE
/* This section 1s 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.
*/

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;
}
/* additional initialization can happen here */
return 0;

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).

2.1. Extending Python with C or C++ 23




Extending and Embedding Python, Anpooiguon 3.14.0rc2

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 cust om:

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 Py Type_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. */
} CustomObject;

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 0O;
}

(ovvéyela otV eTOpEVY) OEMO)
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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}
i

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,

bi

PyMODINIT_FUNC
PyInit_custom(wvoid)
{

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. Whata 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 cust om 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
} CustomObject;

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 Iyusimon

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;
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The second bit is the definition of the type object.

static PyTypeObject CustomType = {

.tp_name = "custom.Custom",

.tp_itemsize = O,
.tp_flags = Py TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

.0b_base = PyVarObject_ HEAD_INIT (NULL, O)

.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),

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.

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:

[.obfbase = PyVarObject_ HEAD_INIT (NULL,

0)

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

[.tp_name = "custom.Custom",

1

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

for example:

>>> "" 4+ 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 Ihusioon

If you want your type to be subclassable from Python, and your type has the same tp_basicsize asits base
type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your
, or else it will not be able to call your type’s ___new_
an error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize than its
base type does. Most of the time, this will be true anyway, because either your base type will be object, or else

type firstin its ___bases

you will be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_ TPFLAGS_DEFAULT.

() method without getting
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[.tpfflags = 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.

[.tp_doc = 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__ (), but has 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 ():

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;

J

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

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

from setuptools import Extension, setup }

in a file called setup . py; then typing

[$ python -m pip install . J

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 Cust om 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.
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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;

} CustomObiject;

static void
Custom_dealloc (PyObject *op)
{
CustomObject *self = (CustomObject *) op;
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) —>tp_free(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 = Py_GetConstant (Py_CONSTANT_EMPTY_STR) ;
if (self->first == NULL) {

Py_DECREF (self);
return NULL;
}
self->last = Py_GetConstant (Py_CONSTANT_EMPTY_ STR);
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

static int

Custom_init (PyObject *op, PyObject *args, PyObject *kwds)

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

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

(ouvéyela oty enopevn oehida)
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if (first) {
Py_XSETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_XSETREF (self->last, Py_NewRef (last));
}

return O;

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,
"custom number"},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_name (PyObject *op,

{
CustomObject *self = (CustomObject *) op;
if (self->first == NULL) {
PyErr_ SetString (PyExc_AttributeError,
return NULL;
}
if (self->last == NULL) {
PyErr_ SetString (PyExc_AttributeError,
return NULL;
}
return PyUnicode_FromFormat ("%S %S",
}
static PyMethodDef Custom_methods[] = {

{"name", Custom_name,
"Return the name,

Fy
{NULL}

METH_NOARGS,

/* Sentinel */

bi

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 |
.tp_new = Custom_new,
.tp_init = Custom_init,
.tp_dealloc = Custom_dealloc,
.tp_members = Custom_members,
.tp_methods Custom_methods,

bi

static int

offsetof (CustomObject,

self->first,

number), O,

PyObject *Py_UNUSED (dummy) )

"first");

"last");

self->last);

combining the first and last name"

Py_TPFLAGS_BASETYPE,

(ouvéyela otV entopevn oehida)
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custom_module_exec (PyObject *m)

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

} CustomObiject;

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 (PyObject *op)

{
CustomObject *self = (CustomObject *) op;
Py_XDECREF (self->first);
Py_XDECREF (self->1last);

(ouvéyela oty emtopevn oehida)
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Py_TYPE (self) —>tp_free(self);

which is assigned to the tp_dealloc member:

[.tp_dealloc = Custom_dealloc,

J

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 Cust omType, because the object may be an instance of a subclass.

O Iyusimon

The explicit cast to CustomObject * above is needed because we defined Custom_dealloc to take a
PyObject * argument, as the tp_dealloc function pointer expects to receive a PyObject * argument.
By assigning to the tp_dealloc slot of a type, we declare that it can only be called with instances of our
CustomObject class, so the cast to (CustomObject *) is safe. This is object-oriented polymorphism, in
C!

In existing code, or in previous versions of this tutorial, you might see similar functions take a pointer to the
subtype object structure (CustomObject *) directly, like this:

Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last) ;
Py_TYPE (self) ->tp_free ((PyObject *) self);
}
.tp_dealloc = (destructor) Custom_dealloc,

This does the same thing on all architectures that CPython supports, but according to the C standard, it invokes
undefined behavior.

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;
(ouvéyela oty eV oehida)
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L

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
asthe _ 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 Iyusimon

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
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 (PyObject *op, PyObject *args, PyObject *kwds)

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

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

if (first) {

(ouvéyela oty eV oehida)
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tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;

}

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

}

return O;

by filling the tp_init slot.

[.tpfinit = 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 0 on success or
—1 on error.

Unlike the tp_new handler, there is no guarantee that tp_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 £irst member; or that destructor
could detach the thread state 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 reassign members before decrementing
their reference counts. When don’t we have to do this?

» when we absolutely know that the reference count is greater than 1;

« when we know that deallocation of the object' will neither detach the thread state 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), 0,
(OuvEyELa OTNY ETTOUEVT) GEMDOL)

! 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 t p_dealloc handler in this example, because our type doesn’t support garbage collection.
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"custom number"},
{NULL} /* Sentinel */
bi

and put the definitions in the tp_members slot:

[.tp_members = Custom_members, J

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 (PyObject *op, PyObject *Py_UNUSED (dummy) )
{
CustomObject *self = (CustomObject *) op;
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);
}

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)

Note that we have to check for the possibility that our first and last 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", Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

by
{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:
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[.tpfmethods = 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_custom2 (), 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 . J

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 Cust om 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 (PyObject *op)
{
CustomObject *self = (CustomObject *) op;
Py_XDECREF (self->first);
Py_XDECREF (self->1last);
Py_TYPE (self) —>tp_free(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 = Py_GetConstant (Py_CONSTANT_EMPTY_STR);
if (self->first == NULL) {

Py_DECREF (self);

(ouvéyela oty eV oehida)
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return NULL;

}
self->last = Py_GetConstant (Py_CONSTANT_EMPTY_STR) ;
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
3
self->number = 0;

}
return (PyObject *) self;

static int

Custom_init (PyObject *op, PyObject *args, PyObject *kwds)

{
CustomObject *self = (CustomObject *) op;
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 (PyObject *op, wvoid *closure)
{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->first);

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

return -1;

if (!PyUnicode_Check (value)) A

(ouvéyela otV entopevn oehida)
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PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;

s
Py_SETREF (self->first, Py_NewRef (value));

return 0O;

static PyObject *

Custom_getlast (PyObject *op, wvoid *closure)

{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->last);

static int
Custom_setlast (PyObject *op, PyObject *value, wvoid *closure)

{

CustomObject *self = (CustomObject *) op;
if (value == NULL) {
PyErr_ SetString (PyExc_TypeError, "Cannot delete the last attribute
=");
return -1;
}

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

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

static PyObject *
Custom_name (PyObject *op, PyObject *Py_ UNUSED (dummy) )

{

CustomObject *self = (CustomObject *) op;

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

{"name", Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

o
{NULL} /* Sentinel */

Hi

static PyTypeObject CustomType = {
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.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 = Custom_init,
.tp_dealloc = Custom_dealloc,
.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;
s
if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
return -1;
I3
return 0;
}
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 Init (&custom_module);

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 first attribute:

static PyObject *
Custom_getfirst (PyObject *op, wvoid *closure)

{
CustomObject *self = (CustomObject *) op;

(ouvéyela oty emtopevn oehida)
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Py_INCREF (self->first);
return self->first;

static int
Custom_setfirst (PyObject *op, PyObject *value, void *closure)

{

CustomObject *self = (CustomObject *) op;
PyObject *tmp;
if (value == NULL) {
PyErr_SetString(PyExc_TypeError, "Cannot delete the first attribute
=")i
return -1;
}

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

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", Custom_getfirst, Custom_setfirst,
"first name", NULL},
{"last", Custom_getlast, Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi

and register it in the tp_getset slot:

[.tpfgetset = Custom_getsetters, }

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

We also remove the member definitions for these attributes:

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

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

static int
Custom_init (PyObject *op, PyObject *args, PyObject *kwds)

{
CustomObject *self = (CustomObject *) op;
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi1i", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) {
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
t
return 0;
}

With these changes, we can assure that the first and 1ast 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.

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, Custom objects can participate in cycles:

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.

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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>>> 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 (PyObject *op, visitproc visit, wvoid *arqg)
{

CustomObject *self = (CustomObject *) op;

Py _VISIT (self->first);

Py _VISIT (self->last);

return 0O;

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

static void

Custom_dealloc (PyObject *op)

{
PyObject_GC_UnTrack (op) ;
(void) Custom_clear (op) ;
Py_TYPE (op) —>tp_~free (op) ;

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

CustomObject *self;

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

if (self != NULL) {
self->first = Py_GetConstant (Py_CONSTANT_ _EMPTY_ STR);
if (self->first == NULL) {

Py_DECREF (self) ;
return NULL;

(ouvéyela oty enodpevn oehida)
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self->last = Py_GetConstant (Py_CONSTANT_EMPTY_STR) ;
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

static int

Custom_init (PyObject *op, PyObject *args, PyObject *kwds)

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

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

if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) A
Py_SETREF (self->last, Py_NewRef (last));
t

return O;

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

static PyObject *
Custom_getfirst (PyObject *op, wvoid *closure)
{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->first);

static int
Custom_setfirst (PyObject *op, PyObject *value, wvoid *closure)

{

CustomObject *self = (CustomObject *) op;
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 0O;

static PyObject *

Custom_getlast (PyObject *op, wvoid *closure)

{
CustomObject *self = (CustomObject *) op;
return Py NewRef (self->last);

static int
Custom_setlast (PyObject *op, PyObject *value, wvoid *closure)
{

CustomObject *self = (CustomObject *) op;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute
LA
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 0;

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

static PyObject *
Custom_name (PyObject *op, PyObject *Py_UNUSED (dummy) )
{
CustomObject *self = (CustomObject *) op;
return PyUnicode_FromFormat ("%S %S", self->first, self->last);

static PyMethodDef Custom_methods[] = {
{"name", Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
o
{NULL} /* Sentinel */
bi

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

.tp_flags = Py _TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS_HAVE__

—GC,
.tp_new = Custom_new,
.tp_init = Custom_init,
.tp_dealloc = Custom_dealloc,
.tp_traverse = Custom_traverse,
.tp_clear = 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 0O;

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 = "custom4d",

.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 (PyObject *op, visitproc visit, wvoid *arqg)
{

CustomObject *self = (CustomObject *) op;

(ouvéyela oty emtopevn oehida)
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int vret;
if (self->first) {
vret = visit (self->first, argqg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}

return O;

J

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 (PyObject *op, visitproc wvisit, woid *arq)
{
CustomObject *self = (CustomObject *) op;
Py _VISIT (self->first);
Py_VISIT (self->1last);
return O;
}
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 (PyObject *op)
{
CustomObject *self = (CustomObject *) op;
Py_CLEAR (self->first);
Py_CLEAR (self->last);
return 0O;
}

J

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 Iyusimon

You could emulate Py_ CLEAR () by writing:
PyObject *tmp;
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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!

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 (PyObject *op)

{
PyObject_GC_UnTrack (op) ;
(void) Custom_clear (op) ;
Py_TYPE (op) —>tp_~free (op) ;

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, }

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 1list;
int state;

} SubListObject;

static PyObject *
SubList_increment (PyObject *op, PyObject *Py_UNUSED (dummy) )

(ouvéyela otV enopevn oehida)

46 Kegahawo 2. Anploupyia emekTacewv Xwpiq epyaleia tpitwv



Extending and Embedding Python, Anpooiguon 3.14.0rc2

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

{
SubListObject *self = (SubListObject *) op;
self->state++;
return Pylong_FromLong (self->state);

}

static PyMethodDef SubList_methods[] = {

{"increment", SubList_increment, METH_NOARGS,
PyDoc_STR ("increment state counter")},
{NULL},

bi

static int
SubList_init (PyObject *op, PyObject *args, PyObject *kwds)
{

SubListObject *self = (SubListObject *) op;

if (PyList_Type.tp_init (op, args, kwds) < 0)

return -1;
self->state = 0;
return 0O;

static PyTypeObject SubListType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.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 = 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}
i
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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)
{
return PyModuleDef_ TInit (&sublist_module);

J

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 (PyObject *op, PyObject *args, PyObject *kwds)
{

SubListObject *self = (SubListObject *) op;

if (PyList_Type.tp_init (op, args, kwds) < 0)

return -1;
self->state = 0;
return O;

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 t p_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;

h

if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) <.
—0) A

(ouvéyela otV enopevn oehida)
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return -1;

return O;

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 tpp_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.

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

/* Attribute descriptor and subclassing stuff */

PyMethodDef *tp_methods;

PyMemberDef *tp_members;

PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
PyTypeObject *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; /* no longer used */

void *tp_subclasses; /* for static builtin types this is an index */
PyObject *tp_weaklist; /* not used for static builtin types */
destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6.
* If zero, the cache is invalid and must be initialized.
*/

unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

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

/* Number of tp_version_tag values used.
* Set to _Py ATTR CACHE_UNUSED if the attribute cache 1is
* disabled for this type (e.g. due to custom MRO entries).
* Otherwise, limited to MAX VERSIONS_PER CLASS (defined elsewhere).
*/
uintl6_t tp_versions_used;

(ouvéyela otV entopevn oehida)
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{} PyTypeObject;

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 */ J

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!

[Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */ }

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.

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 (PyObject *op)

{
newdatatypeobject *self = (newdatatypeobject *) op;
free(self->obj_UnderlyingDatatypePtr) ;
Py_TYPE (self) —>tp_free(self);

J

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

static void
newdatatype_dealloc (PyObject *op)
{
newdatatypeobject *self = (newdatatypeobject *) op;
PyObject_GC_UnTrack (op) ;
Py_CLEAR (self->other_obj);
Py_TYPE (self) —>tp_free(self);
}

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

2.3. Defining Extension Types: Assorted Topics 51



Extending and Embedding Python, Anpooiguon 3.14.0rc2

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);
I3
else {
Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

t
Py_TYPE (self) —>tp_free(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 Asite 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 st r () .) These handlers are both optional.

reprfunc tp_repr;
reprfunc tp_str;
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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 (PyObject *op)

{
newdatatypeobject *self = (newdatatypeobject *) op;
return PyUnicode_FromFormat ("Repr-ified_newdatatype{{size:%d}}",
self->obj_UnderlyingDatatypePtr->size);
}

J

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 (PyObject *op)

{
newdatatypeobject *self = (newdatatypeobject *) op;
return PyUnicode_FromFormat ("Stringified_newdatatype{{size:%d}}",
self->obj_UnderlyingDatatypePtr->size);
}

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;

/% oo ¥/

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 PyObject * 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 PyType_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.

2.3. Defining Extension Types: Assorted Topics 53



Extending and Embedding Python, Anpooiguon 3.14.0rc2

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:

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

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 am1_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.
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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 (PyObject *op, char *name)
{
newdatatypeobject *self = (newdatatypeobject *) op;
if (strcmp (name, "data") == 0) {
return Pylong_ FromLong (self—->data) ;

PyErr Format (PyExc_AttributeError,
"'%.100s' object has no attribute '%.400s'",
Py_TYPE (self) —>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 tp_setattr handler should be set to NULL.

static int

newdatatype_setattr (PyObject *op, char *name, PyObject *v)

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

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.Itshould 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 (PyObject *1lhs, PyObject *rhs, int op)
{
newdatatypeobject *objl = (newdatatypeobject *) lhs;
newdatatypeobject *obj2 (newdatatypeobject *) rhs;
PyObject *result;
int ¢, sizel, size2;

/* code to make sure that both arguments are of type
newdatatype omitted */

sizel = objl->obj_UnderlyingDatatypePtr->size;
obj2->0bj_UnderlyingDatatypePtr->size;

size2

(ouvéyela oty eV oehida)

2.3. Defining Extension Types: Assorted Topics 55



Extending and Embedding Python, Anpooiguon 3.14.0rc2

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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;
return Py NewRef (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;

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; }

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 (PyObject *op)
{
newdatatypeobject *self = (newdatatypeobject *) op;
Py_hash_t result;
result = self->some_size + 32767 * self->some_number;
if (result == -1) {
result = -2;
}
return result;
}

J

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; }
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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 obj 1.

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 (PyObject *op, PyObject *args, PyObject *kwds)
{
newdatatypeobject *self = (newdatatypeobject *) op;
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",
self->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);

return result;

/* 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.
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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 Acire 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, O0)
/* ... 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 void

Trivial_dealloc (PyObject *op)

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

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)) |
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;

e Acire 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
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2.4 Kataokeun Enektacewyv C kat C++

Mua eméktaon C yo T CPython eivol pa kKowvoypnot Bufriodnkn (mt.y. éva apyeio . so oto Linux, .pyd
ota Windows), 1 omoia eEQyeL (o ovvdpTnon apyikoxoinorg.

Agite 1o extension-modules yio. epLOCOTEPEG METTOUEPELEC.

2.4.1 Kataokeun Enektacewyv C kat C++ pe to setuptools

H xotaokevi], 1) ovokevooia kot 1 dtovour) modules eméktaong yivetow kadltepo ue epyadeio tpitmy Ko eivor
eKTOG TTEdIOV approyng avtol Tou eyypdgov. 'Eva katdhnlo epyaielo givar To Setuptools, 1 tekunpiwon
TOV 0TToiov Bpioketal ot dtevbuvon https://setuptools.pypa.io/en/latest/setuptools.html.

To module distutils,n omoia mepthapuBavotav oty Tumky BupiodnKn uéypt thv Python 3.12, dtotnpeiton
mhéov mg uéPog Tou Setuptools.

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
Kataokevn Exextacewv C kar C++ ue 1o 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.
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In Unix, there is only one type of library file (. a) which contains code from several object files (. o). 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 A.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 *;it does
create a separate copy.

Py _NO_LINK_LIB
Turn off the implicit, # pragma-based linkage with the Python library, performed inside CPython header files.

Added in version 3.14.

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 can use the CPython library in two ways:

1. By default, inclusion of PC/pyconfig.h directly or via Python.h triggers an implicit, configure-aware
link with the library. The header file chooses pythonXY_d. 1ib for Debug, pythonXY. 1ib for Release,
and pythonX. 1ib for Release with the Limited API enabled.

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

The first command created three files: spam.obj, spam.dl1l 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 the implicitly linked pythonXY. lib.

The second command created ni.d11l (and .obj and .1ib), which knows how to find the necessary
functions from spam, and also from the Python executable.

2. Manually by defining Py NO_LINK_ LIBmacro before including Python . h. You must pass pythonXY.
11ib to the linker.

To build two DLLs, spam and ni (which uses C functions found in spam), you could use these commands:

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

The first command created three files: spam.obj, spam.dl11l 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.1lib.

The second command created ni.d11l (and .obj and .1ib), which knows how to find the necessary
functions from spam, and also from the Python executable.
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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

Evowpdtwon tou xpovou ekteAeong Tng CPython oe peyaAutepn
£papuoyn

MepLkég OopEG, avTi v dNULOVPYNCOVUE UL ETTEKTAON TTOV EKTELELTOL LEOA OTOV dlepunvea g Python wg
KUPLOL EQAPUOYN, ELVOL TTPOTLLOTEPO VO EVOMUATDTOUIE TOV Y pOvo ektéheong g CPython oe o peyohivtepn
€QOPUOYT. AUTH 1) EVOTNTO KOAMIITTTEL LEPLKEG METTTOUEPELES YLOL TO TTMG VO. TO KAVETE ALUTO LLE ETLTUY AL

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_TInitialize ().
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 Ascite 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.
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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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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
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)

3.1. Embedding Python in Another Application 67



Extending and Embedding Python, Anpooiguon 3.14.0rc2

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
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.

ouvapTI o annotate
Mo ouvapTNOT TTOV UTTOoPEL var KANOEL yLoL vo. avaKTNoEL To annotations €vOG OVTLKELUEVOV. AUTN 1] OV-
vapTNOoN €ivar TPOooPAEoLUY WG TO YOPAKTNPELOTIKO ___annotate_  TwV CUVOPTHOEMY, TV KAAGEMV
Ko twv modules. Ou ouvapTHOELG annotate givan £va VITOGUVOAO TOV evaluate functions.

annotation
Mo eTikéTO TOU OYETICETAL UE ULt LETAPANTY, VO YOPAKTIPLOTLKO KAAONG 1) ULOL TTAPAUETPOG OUVAP-
TNONG 1] TULY TTOV ETUOTPEPETAL, TTOV ¥ PNOLLOTOLELTOL KOTA oVUPBaoT g type hint.

Aev givan duvati) 1) TPOOPoT oTa annotations TWV TOTKDOV UETAPANTOV KATA TO POVO EKTELETNG, AAAG
Ta annotations Twv global petafANTmv, TOV XAPUKTNPLOTIKOV KAAONG KoL TwV GUVOPTNOEMV UTOPOVY
vo avak 0oV Kohmvtag Ty eviod) annotationlib.get_annotations () oe modules, kKh&ogLg
KOl GUVOPTYOELS, AVTLOTOLY .

BA\. ta variable annotation, function annotation, PEP 484, PEP 526 xouw PEP 649, ta omoia mepLypdgpovy
™V Aertoupylkotnta. Agite emiong ta annotations-howto yia TG BENTLOTES TPAKTIKEG dOVAEVOVTOG |Ie
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annotations.

opopa
Mo T petofualetan og wio function () method) xotd v KAHon T ovvdptnong. Yrdpyovv dvo
€LdM opLopdTv:

o keyword argument: £va. OpLOUOL TTPLV ATTO €VO OVOLYVPLOTLKO (FT.%. name=) O€ o, KAon ouvap-
oNG N TEPVADVTAG TO WG TUUT| 08 £va AeELko mtpLv amd * *. Tia Tapddetyua, To 3 KoL To 5 amotehovv
optopata AEEewv-kheldLhv otig akoAovbeg KA oELS TPog complex () :

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

« positional argument: ¢€va. dpopa Tov dev givan dpLopa keyword. To opiouata 0€omg umopovv va eu-
pavilovTow 0TV 0pyNG WG MOoTog 0pLopdtov /Kot va, LetofLBatoviot wg oToyelo evOg iterable
mpwv oo *. Tua mapdderyna, To 3 koL o 5 amotehovv opiopata 060G 0TLg TOPAKATO KANOELS:

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

Ta opiouato eKymPoVVTOL OTIG OVOLLOOUEVES TOTILKES UETABANTEG 0TO GmUA Mo oVvapTong. BA. Ty
evotnta calls yio Toug KavOVES TOU SLETOUV QUTNV THV EKYMPNOT]. ZUVTOKTIKY, OTTOL0ONTOTE EKPPUOT
WITOPEL VAL PN OLUOTONOEL YLOL VO AVATTaPOOTNOEL EVa OpLopa” 1) aELOAOYOUEVT] TLUN EKYWPELTOL OE L0
TOTTLKT) UETOPANTY.

Bl emtiong v eyypagn Tov YAwooapiov yo to parameter, v FAQ gpdtnomn oto 1 duagopd teta&n
oplopdTmv kou opouétpwy, kol PEP 362.

aoVYYpovog drayelploTi|s context
‘Eva avTLKELIEVO TTOV ELEYYEL TO 0pOTO TTEPLPAIAOV o€ po dhwon async with opiloviog tig uebo-
dovg __aenter_ () Kou__aexit__ (). ITov ewonydn and PEP 492.

aoVyypovogs generator
Mo GUVAPTNOT| TTOV ETLOTPEPEL EVaV asynchronous generator iterator. MolGLeL ue wa ouvéptnon coroutine
7ov opiletan ue async def ektog amd OTL TePLEXEL EKPPACELS yield YLo TNV TAPOymY WLOG OELPAS
TLUOV TTOV WITOPOovV va. ypnotpomombovyv oe évav async for Bpdyo.

ZuvHBwg avagépeTal 08 oL OUVAPTNOT CoVYYPOVOU generator, GAAG WITOPEL VO AVAPEPETOL O EVOY
aclyypovo generator iterator 0€ OpLOUEVA contexts. Ze TEPLITTMOELG OTOV TO ETILWKOUEVO VOTIUOL dEV
elval oapéc, (LE TNV P10 TWV TANPOV OPWV OTTOPEVYETAL 1] ATAPELQ.

Mo oUVAPTNOT QoVYYPOVOU generator (WTOPEL Vo TEPLEXEL EKPPATELG awalt , KabBdg kol dNADOELG
async for,xaLasync with.

aoUyypovog generator iterator
An object created by an asynchronous generator function.

Avtog elvon évog asynchronous iterator Tov 0TV KOAELTOL XpNoLpuoTolwvtag v wébodo ___anext__ ()
EMLOTPEPEL EVOL AVOUEVOULEVO OVTLKELUEVO TTOU B0 EKTEALETEL OTO GMUA TIG CUVAPTIONG TOV ALoVYYPOVOU
generator PéypL THv enouevy yield ékgppoon.

Kdabe yield avaotédier mpocwpivd v eneEepyooia, Buudtor v Kotdotooy ektéheong (cuuste-
PLLOUBOVOUEVOY TMV TOTKMOV UETAPANTOV KoL Tov dNhdoewv try oe ekkpeudtnta). Otav o acvy-
X00VOG generator iterator GUVEYIOEL ATTOTENEOUOTLKA UE GAAO OVAUEVOUEVO TTOU ETLOTPEPETOL ATTO
:pep: 492 () xou PEP 525.

aovyypovog iterable
‘Eva. ovtikeipevo, ov uopei va ypnotportonel o o dMAwon async for. [pémel va emotpépet
éva asynchronous iterator amd v uébodo __aiter (). IMov ewonyOn amd PEP 492.

aoUyypovog iterator
‘Evo. ovtikeigevo mov vhomotel TG pebddovg _ aiter_ () xou __anext_ (). H uébodog
__anext__ () mpémel vo emoTPEQEL Eva awaitable avuikeipuevo. To async for emlVgL To ovoue-
vopeva TTov emLoTPEpovTol otd ) wébodo _ anext () gvog aovyypovov iterator £mg OTOU eyeipeL
wo eEaipeon StopAsyncIteration. Ewofydn amé PEP 492.
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KOTAOTO01] CUVOESEUEVOL VIIUOTOS
'Eva thread state ov givan EVEPYT| VLA TO TPEXOV VIO TOU AELTOVPYLKOU GUOTHLUOTOGC.

‘Oto emovvasttetal €vag thread state, TO VUG TOU AELTOUPYLKOV CUOTHUATOG £XEL TPOOFOOT 0TO TAMPES
Python C API xou pumopei va kahéoer ue oopdieia tov diepunvéa bytecode.

Extdg edv o ouvdptnon avagéper pntd to avtifeto, 1 tpoomdbeio kKAong tov C API ywpig wo
ouvNUUEVY Katdotaon viuatog Oa 0dnyNoeL £va oLpaio opdAua 1 08 aTpoadLOPLOTH GUUITEPLPOPAL.
Mo KotdoTaon vUoTog Utopel vo. ouvoedel ko va amoouvdedei pntd amd tov ypnon uéow tov C API
1 éuueca amd Tov xpovo ektéleonc, ovumephappfoavouévoy tTov kinoemv amokiewopot C Kot amd Tov
diepunvéa bytecode peta&u Twv Koewv.

Zuig mepLocdtepeg ekdO0ELS TG Python, M VmapEn pog Katdotoorn ovvdedeuévou vIijaTog VITovoEl Ot
0 KoAdV dtatnpet TV GIL Yo ToV TPEXOVTO SLEPUNVED, ETOUEVIG LOVO EVOL VL0 AELTOUPYLKOV GVOTN-
HOTOG UTOPEL VAL €XEL PLOL KOTAOTOON OUVOEDEUEVOL VAUATOG O WLt OEdOUEVT OTLyUn. ZTLG EKDOOELG
free-threaded tng Python, To vijuato Ltopouv va SLatnpov TauToypova Uid KOTAOTOO CUVOEDEUEVOU
VILOLTOG, EMLTPETOVTAS TV TPOYUATLKT) TOPaANAia Tov diepunvéa bytecode.

XOPOKTIPLOTIKO
Mo Tt oV OETICETOL UE £VaL AVTIKELUEVO TTOU CUVNOWG AVAPEPETAL LLE OVOUD YPTOLUOTTOLMVTAG EK-
ppaoelg pe Koukkideg. I'a mapdderypa, edv éva avitkeipevo o €xel éva xapoktpLotkd a Oa avopé-
PETOL WG 0.4.

Elvou duvato vo dmoovue o€ Eva OVTLKELLEVO VAl YOPOKTIPLOTLKO TTOU TO OVOUO. TOU OEV ELVOL AVOYVm-
pLoTikd 6mtmg opitetor amd identifiers, yio TopddeLyno xPNOUOTOLMOVTOG setattr (), oV emTpémeTon
a7to To avtikeipevo. ‘Eva tétolo yopaktnplotiko dev Oa eival tpooAaoiio xpoLuoToLdVTog TG TEMELES,
Ko avti avtov Oa mpémel va ovokTnOel ypnopomolmvtag getattr ().

awaitable
'Eva 0VTLKELLEVO TTOU UTTOPEL VL X pnoLpomtotn0el oty ékgppaon await. Mmopel va elval coroutine M €vo.
ovTikeigevo pe o __await_ () uéBodo. Bh. emiong PEP 492.

BDFL

Axpwviuo tov Benevolent Dictator For Life, kahokdyafog diktdtopag g Cone, dnradn Guido van
Rossum, o dnpouvpydg tng Python.

dvadiko apyeio
'Eva. file object tkovd va. SLaalel ko va ypagpeL Svadikot timov aviikelueva. apadeiyuato dvadikmy
apyelwv eivar apyelor mov avoiyovv oe dvadikn Aettovpyio ("rb', '"wb' 1 'rb+'), sys.stdin.
buffer, sys.stdout.buffer, Kol OTLYIOTUTOV TV 10.BytesIO KoL gzip.GzipFile.

B emtiong text file yio. €vor OVTLKELPEVO TUTTOV OPYELO LKAVO VO SLABAOEL Ko VaL YPAYEL ST T OVTLKELUEVAL.

daverkn avagopd
Zto C API g Python, o davelkt| ovogopd eival (o avopopd og €vo. OVILKEIUEVO, OTTOV 0 KMALKAG
TTOV YPTOLUOTTOLEL TO aVTLKELUEVO dEV KaTéxel TNV avapopd. [ivetan évag aypnoipuomointog deiktng edv
TO avtiKeipevo Kataotpopei. o mapdderypa, o dadikaoio garbage collection pwopei vo apaipéoet
TO TEAEVTOUO Strong reference amd TO AVILKELUEVO KOL ETOL VO TO KATOOTPEPEL.

Zuviotatol 1 KMo tov Py_INCREF () 070 daveiki] avagood e 0KOmd VoL LETATPATEL 08 £VaL LGy V0T
ava@opd emITOIOV, EKTOG OTAV TO AVILKELUEVO OEV UITOPEL VO KATAOTPOPEL TTPLY 0O TNV TEAEVTALN
xphHom g davelkng avagopds. H ouvaptnon Py_NewRef () umopet va xpnotpomown0el dote vo. om-
wovpynOel Eva Loy vo1 avapood.

bytes-like avtikeipeva.
'Eva. avTikeipevo mov vitootnpilet o bufferobjects kou pmopel va eEayer éva C-contiguous buffer. Avtd
mephappdver Oha ta aviikeipeva bytes, bytearray, Kaw array . array, Kafmg Kot oA Kowva
memoryview avikeipeva. Ta dvadikov tomov (bytes-like) avitkeiuevo popotv vo xpnotuootnovy
ya dudipopeg hettovpyieg wou droyeLpitoviar dvadikd dedouéva” avtd TePAauPAvouv CUNTEST QITO-
Onkevon oe dvadikd apyeio ko amootol) péow socket.

Oplouéveg hertovpyieg yperdtovrol tor duadikd dedouéva va eivar uetofintd. H texunpioon ovyva
AVOPEPETOL 08 AUTA MG «dVAdIKA avTiKelpueva avayvoonc-eyypogrc» (read-write bytes-like objects).
Mapadelynato PeTABANTOV OVILKEWEVMVY TPOCWPLVTG 000N KEVOoT g TTEPLEXOUV bytearray Kol éva
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memoryview gvOg bytearray. AMEG heLTOVPYieG OTOLTOUV TNV OIT0ONKEVONG TV SUOSIKMV dE-
dopéva oe auetdfinta avitkeipevo («duadikd ovTikeipeva wovo avayvwaong»” (read-only bytes-like
objects) mopadelyuoTto oVTAV TEPLEXOVY bytes Kot éva memoryview evog bytes avitkeluévou.

bytecode

O myaiog kwdika g Python petoylwttileton o byfecode, 1) E0MTEPLKY] AVOTAPAOTAON EVOG TPO-
vpduuatog Python otov diepunvéa CPython. To byfecode amoBnkevetal emiong TPoowPLVE WG .pycC
apyelor MmoTe M eKTELEON TOV LOLOV OPYELOV Va givan YpNYopdTEPN TNV deVTEPT] POPA EKTENEONG (UITO-
pel va amopevyOel 1 ek VEOU UETOYAMMTTLON atd TOV TTNyaio Kmdiko o bytcode). Auti M «evdLdueon
YADOOoO» Aéyetal OTL Tpéyel O€ Wo virtual machine mov €KTeLel TOV KMOLKO UNYOVIG TOV OVTLOTOLYEL
o€ KG0Oe bytecode. AGfete vrdOY OTL Tl bytecode dev ovopEVETAL VO AELTOVPYOVY UETAED SLOPOPETLKMV
ELKOVIKMV pyovav Python, ovte va eival otabepd petall twv ekddoewv g Python.

Mo Alota artd 0dnyieg oxetikd ue ta bytecode ptopei 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), U€ TNV TOPAKATO OVVTAEN:

callable (argumentl, argument2, argumentN)

Mua function, xou xot” eméktaon wa method givon callable. ‘Eva otrypudtumo wa kKhAong ov vAoToLEL

™ puébodo ___call__ () eivow emiong callable.

callback
Mua subroutine ouvaptnon 1 omoia petafLBdtetor wg opLopa Tov Oo EKTENEOTEL KATOLX OTLYUT OTO
HEAOV.

KAdon

"Evo pdTUuITo Y T dnULovpyios aviiKeLuEVav Tov opiovtat amd to ypnot. Ot opiopoi KAGoEmY ou-
VNOWG TePLEYOUV 0pLoUovg HeBOdWV TOV AeLTOVPYOUV 08 OTLYIOTUTTO TG KAGONG.

uetoiTi KAGong
Mua petafAnt) mov opileTon og po KAAoM Kot tpoopiletal va tpomomotn el uovo oe enimedo Khdong
(. Oy o€ éva oTrydTLTTO aG KAAOTG).

uetafinti KAewoipatog
"Evag free variable tov ovagépetal amd éva nested scope Kou 0pileToL 08 (uo. EEWTEPLKT) TEPLOYN, AVTL
va eAOETOL dUVALKE KOTA TV EKTELEON OTTO TOL KOOOMKA 1] EVOWUOTOUEVO namespaces. Mtopel vo.
dMhwOel pnTd pe TN deopevuévn AEN-KAewdi nonlocal dote va emTpastel 1 eyypap, 1| va OewpnOel
OTL opiletan épuueca GTav 1 UETAPANTY pNoLoToLeital udvo yio aviryvaoon.

[0 TopAdeLypa, 1 GUVAPTNON inner Tov TOPAKATO KMHOLKO, TO0O 1 x 000 KoL 1 print givou free
variables, oM nOvo M x glvon po uetafAntr kAewoluatog:

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

L J

AOY0 TOV YOpaKTNPLOTIKOY codeobject .co_freevars (To 0700, TOPA TV OVOUAOLO TOV, TTEPL-
rappdvel udvo ta ovouato Tov uetafAnTav Khewolpatog Kot oL Oleg TG avapepoueves Elevbepeg eta-
BANTES), XPNOLULOTTOLELTAL UEPLKEG POPES O TTLO YEVIKOG OpOG free variable axoun Kot OTov YIVETOL ELOLKY)
avapopd og PETAPANTEG KAELOLUOTOG.

mryadukog apdpog
Mo ETEKTO0N TOV YVOOTOU GUOTHUOTOG TIPOYUATIKDV 0PLOU®OY 0TO 07T010 OAOL 0L apLlOpol eKppAtovTa
wg dbpolopa £vOg TPAYUOTIKOY HEPOUG KoL EVOG pavTaoTkoy uépovg. OL gpavtaotikol aplbuol eivor
TPOYUOTLK A TTOAMAATTAAOLOL TG PAVTAOTIKTG LOVAdO (1] TETPOY®VIKT pila Tov —1), oV ovyva Ypapo-
vtol i ota pednuotikd 1 3 oty unyoviky. H Python €yel evoopotmpuévn voothpleEn yio wyadikoig
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aptBuovg, oL 0ToioL YPAPOVTaL (e AuTdV TOV TELELTOLI0 CUUBOMOUO” TO PavTOoTIKO uépog ypdpeTon
ue to emibnua J, Y., 3+13. o va amoxthoete mpodoPaon oe ovvOeta Looduvapo to module math,
ypnooTomote to cmath. H ypnon wyadikmv aptbumv givar £va apketd mponyuévo nodnuatiko yo-
POKTNPLOTLKO. €4V dEV YVWPITETE TNV OVAYKT) TOVUG, ELVaL OYEDOV GLYOUPO OTL UTOPELTE VOL TO. OLYVOT|OETE
LE ALOPANELXL.

context
Auto 0 6pog £xEL DLOPOPETIKEG ONUOLOLEG OLVANOYOL UE TO TTOV KO TTMG Y PT|OLUOTOLELTOL. MEPIKES KOLVEG
évvoleg:

« H npoowpivn katdotoomn 1 To meptfddlov wov dnuovpyeital amod évav context manager HEGW PLOG
dMhwong with.

o To oUvoho TV deopevuévav KAELOLOV-TIUNG TTOV OYETILOVTOL e VO CUYKEKPLUEVO AVTILKELUEVO
contextvars.Context kol mpoomeldfovtol péow avitkewévov ContextVar. B, emiong
context variable.

« 'Eva aviikeiyevo contextvars.Context. BA. emiong current context.

TPWTOKOAAO drayeipiong mepifaiiovog
OuuébodoL __enter_ () xou__exit__ () xahovviow oo T dNhwon with. BL. PEP 343.

Swayeprotiic context
'Eva avTIKELIEVO TTOV VAOTTOLEL TO context management protocol Kouw ELEYYEL TO TEPLPAILOV TTOV €l 0POTO
uéoo og o dMiwon with. BL. PEP 343.

context petafinti
Mua peta ANt TG omoiag 1) T eEaPTATOL AITO TO TTOLO Eival To current context. Ou TéG Tpoomeldo-
VTOL PECM TWV AVTLKEWWEVOV contextvars . ContextVar. O petafAntég cuuppalouevwy xpnoLuo-
TTOLOVVTAL KUPLWG YLOL VO, OUTOUOVMOOUV TNV KOTAOTOON UETAED TOUVTOYPOVMY 0LOVYYPOVIV EPYOOLMV.

contiguous
"Eva buffer Oewpeital contiguous akplBag edv eivou eite C-contiguous eite Fortran contriguous. To buffer
undevikmv draotdoemv givor C xow Fortran contiguous. e (lOVOSLAGTATOVG TTLVOKES, T OTOLYELOL TTPE-
meL vo TomofeTovvtal ot pviun To éva dimha 0to GAAo, pe oELPA avENONG TWV SEKTHOV EEKLVAOVTAG
atod 1o undév. Ze mohvdidotatovg C-contiguous mivakes, o TeELeVTOLOG deikTng UeTABAMETOL TAYXVTEP
OTaV EMLOKETTOVTOL TOL OTOLYELO O OELPA dleuBuvong uvhung. Qotdoo, oe Fortran contiguous mtivakeg, o
TPADTOG OELKTNG LETABAMLETAL TTLO YPTYOPOL.

coroutine
OL coroutines €ivaL (Lot ITLo YEVIKEUUEVT Lop@n subroutines. Ot subroutines £L.04yOVTOL OE VO OT)UELO KL
eEdryovtar og Ghho onueio. Ou coroutines pumopel va ewoayBovv, vo eEayBolv Kar vo ovveyLotovv og
TOAG dLapopeTikd onueia. Mmopovv va vhosoujoovy pe v dMiwon async def. B eniong PEP
492,

coroutine cuvaptnon
M GUVAPTNOT TTOV ETLOTPEWPEL £VAL coroutine AVTIKELUEVO. Mo ouvapTN oY) coroutine Wtopel va opitetan
a6 ™) dhwon async def, Kou Umopel va mepLéyeL await, async for, Kaw async with AéEelg
KAEWOLG. Avtég elonyOnoav amtd to PEP 492.

CPython
H xavovikn vhomoinon g yhwooag mpoypaupatiowot Python, dmwg duavéuetar ato python.org. O dpog
«CPython» ypnowpomoteitor 6Tav eivol omapaiTTo Yia TV dLAKPLoT OUTHG THG VAOTOIN oG ot dhheg
omwg M Jython W 1 IronPython.

TpEYOV TAXICLO
To context (contextvars.Context OVIKEILEVO) TOV XPNOLUOTOLEITOL QUTT] T OTLYUY 0T TOL ALVTL-
Keluevo ContextVar yua vo mpoomeldoet (va TapeL 1) vo 0pioel) TG TWEG Twv context variables. K&Oe
Vi €xEL To kO Tov TPEYoV ovuppalouevo Ta Thaioto yio TV EKTELEDT] AoVYYPOVWV EPYOTL®V (BA.
asyncio) ovvdéouv KaOe epyaoio pe £vo. GUUEPATOUEVO, TO OTTOLO YIVETOL TO TPEXOV OUUPPATOUEVO
omote 1 gpyaocia Egkivd 1 ouveyiler v extéheon.

KUKMK1] ¢Topoveen)
Mo vToopdda evog 1] TEPLOTOTEPMY AVTLKELUEVIV TTOV AVaPEPOVTOL LETOED TOoVg oynuatifovrag évay
KUKLO avopopmv, 0hhG dev avagépovtol amd dAha ovTiKeiueva eKTog g opddag. O okomdg tov cyclic
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garbage collector glvon vo. eVTOTLEL UTEG TIG OLALOEG KalL VO OTTAEL TOV KUKAOG OVOLPOPHDYV (DOTE VO, WITOPEL
VO OTTOOEOUEVTEL 1) Uviu.

decorator
Mo GUVAPTNON TTOU ETLOTPEPEL Lo GAAY GUVAPTNOY, CUVNOWG ePapUOTETAL MG UETUTYTUATIONOS GU-
VAPTNONG YPNOWOTOUDVTAG THY @wrapper ovvtagn. Zuvhouéva mapadeiynota yio Toug decorators
elvor classmethod () xou staticmethod ().

H oUvtaEn tov decorator givar amhdg KoAhwtioTiky), ou ak6iovbolr V0 opLopol cuvapTioewy eival
ONUOOLOAOYLKA LOOSVVOUOL:

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

@staticmethod
def f (arg):

L

H {81 évvola vtdipyet yio g khdoelg, odhd ypnopomoleitol Ayotepo ovyvd exel. Bh. v tekunpimon
vio. function definitions kou class definitions yia epLoodTepa oyeTikd pe Toug decorators.

descriptor

Kd&0e avukeipevo mov opilel tig uebddovg _ get_ (), __set_ (),M __delete_ (). Otav éva
YOPAKTNPLOTLKO KAGoNG elvon descriptor, 1) eLOLKT] dEOUEVTIKY TOV OUUITEPLPOPE EVEPYOTTOLELTOL KOTA
TV avalnTnon XopoKTNPLoTikdv. Kavovikd, ypnouomoimvtag a.b yia va Mfete, vo opioete 1) va dia-
ypdpete Eva xapaKkTNPELOTIKO avalnTd To avItKeievo ue To dvoua b 0to AeEtko g KAGoNG Yo a, AAAG
edv 1o b elvou descriptor, kaheitow 1 aveiotouyn wéBodog descriptor. H katavonom twv descriptors eiva
T0 KAEWL Yoo TV Kahitepn kotavonon g Python yioti avtd amotehet Ty fdon yio wolhd yapokt-
PLOTIKG OTTWG OVVAPTHOELS, eBOdoUG, 1OLOTNTES, NEB0dOL KAAONG oTaTiKEG HéBOdOL, KOl avapopd oe
oovmep KAAOELG.

TN TepLoodTEPEG TANPOPOPLEG OVOPOPLKA e Tig ueBOdoVg Twv descriptors, BA. see descriptors 1) to I[Tpa-
KTKOG 001ydg yia ) xpnon tov Descriptor.

AeEiko
"Evo TpooeTaLpLlotikog mtivaka, omov avbaipeta khetdid aviotoryiCovral oe twég. Ta kheldid pmopei
va. glval 0TtoLod1ToTe avTLkeipevo ue uefddovg  hash_ () xou__eq (). OvoudCetar wg hash oto
Perl.

Kotavonon AeEikov
"Evo. GUUITTOYNG TPOTTOG YL VO, ETTEEEPYAOTELTE OAA 1) HEPOG TWV OTOLYEIWV OF £VOL ETAVAATITIKO KL
vo emotpopet évo ue heSikd ue ta amotedéopata. results = {n: n ** 2 for n in
range (10) } dnwovpyel éva AeEKO Tov mepLéyeL To KAWL n Tov avtioTolyileton pe Ty ) n - **
2. B\. comprehensions.

oyn AeEkov
Ta avtikeipeva wov emotpépovral amd dict .keys (), dict.values (), Kardict.items () Ko-
rovvtar 0elg AeEkov. Autég mapéyovy wa duvauky dym Twv Tmv eyypap®v tou AeELkov, ov ot)-
naiver 6t 6t to heEukd petafadietal, 1 6P avitkatomtpilel avtéc g odayés. Na va avaykdaoete
v 6Yn AeEtkov va yiver wo TAhpng Alota ypnolwomomote 1o 1ist (dictview) . BA. dict-views.

docstring
Mua literal oupfohooelpd Tov eUpaviteTor mg 1 TPMTN EKPPAoT o€ wia KAGom, ouvaptnon 1 module.
Evd ayvoeital Katd Ty eKTéMent) TG CoviTag, ovoryvipileTol otd ToV UETAYAMTTLOTY Ko Torrodeteito
0TO YOPAKTNPLOTLKO _ doc__ TNg KAMAONG, TG cuvapTnong 1 Tov module ov mepikheiet. Aedouévou
OTL gival LaOEOLO HECW EVOOTKOTNONG, TO KOVOVLKO EPOG YLOL TNV TEKUNPLIOT TOU AVILKELUEVOU.

duck-typing
"Eva. 6TUl TPOYPouUoTioio sov dev eEeTdlel Tov THTO VG AVTLKELUEVOD YLOL VA TTPOOSLOPIoEL v £XEL
T 0ot dLemaEn” avtibeTa, 1 uEB0SOG 1| TO XOPUKTNPLOTIKO KaleiTol amhodg 1 xpnowomoteitan («If
it looks like a duck and quacks like a duck, it must be a duck.») Aivovtog éugaon otig dtemapég Kan Oyt
0€ OUYKEKPLUEVOUG TUITOVGS, 0 KOAG OYedLAOUEVOG KMALKOG BENTLOVEL TV EVEMEID TOV EMLTPETOVTOG
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TV ohvpopPLkn vrokotdotaot). O timog duck-typing amopelyel doKLUES Y PN OLULOTOLOVTAS type ()
1 isinstance (). (Enueiwon, wotd00, 6Tl 0 TUTOG TATLOG duck-typing UTopel va. CUUTANPWOEL pe
abstract base classes.) Avti avtol, cuvnOmg ypnowomolel dokuwég hasattr () fapoypapuationd EAFP.

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

EAFP
Mo evKoAo va TNTioelg ovyydpeon Tapd adeta. Avtd To Kowvd oTul tpoypapuatiopov og Python wpot-
oBETeL TNV VITOPEN EYKUPWOV KAELOLDV 1) XOPAKTNPLOTIKOV Ko cudhapuBdver eEopéoelg edv 1 vtdBeon
amodeyOel eopoluévi. Avtd to Kabapod KoL ypNyopo GTUA XOpaKTNPILETAL A0 THY TAPOVCLO TTOAMMY
dMlwoewv try kow except. H teyvikn épyetal oe avtifeon pe to atuk mov eival LBYL Kowvo o€ molhég
dheg yhwooeg, dmmg 1 C.

aEoAdyN 0N oUVAPTONS
Mo ouvaptnon wov uropei var KAnOet yio va aElohoynoet £va adpaveég xapoKTHPLOTIKO EVOG aVTLKEL-
UEVOU, OTIMG 1) TL] TOV PEVOMVVUW®V THITOV TTOV dNULOVPYOUVTAL LLE THY TPOTOOT type.

EK@ppaon
"Eva. Koppdtt oUuvtaEng o propel va agtohoyn el oe kdmoro tur). Me dAho AoyLa, o €K@paat eiva
Wo. CVOOMPEVOT oToLyelmV EKppaong dmtwg kKuploreEia, ovopata, TpOaBaon YapaKTPLOTIKGOV, TeEhe-
0TéG 1] KMOELG OUVAPTHOEMV TOV OLEG EMOTPEPOVY [uat LY. Ze avtifeon pe mohhég dhheg yYhwooeg,
dev eivar Oheg oL YAwooukég douég exppdioets. Ymapyovve emiong statements Tov deV ITopovV vo. Xp1oL-
poromBouv wg eKpPATELS, OTtmg To while. O avabéoelg Tudv eivar emiong dniboelg oyl ekppdoeLc.

module ewéktaong
'Eva module ypoupévo oe C 1) C++, wov ypnoipomoteital amd to C API tng Python yua vor aAdniemidpd-
GOUV L€ TOV TTUPNVOL KAl L€ TOV KMOLKA TOV %P1 OTH).

f-string

f-strings
String literals prefixed with £ or F are commonly called «f-strings» which is short for formatted string literals.
See also PEP 498.

OVTIKEIUEVO PYEIOV
‘Eva avtikeipevo mov ek0étel évo API mpooavotolouévo oe apyeio (te uedddovg dmwg read () M
write ()) og évav vmokeluevo mopo. Avdloya pe tov TpdmTo mTov dnuovpyNOnKe, éva avitkelnevo
aPYELOV UTOPEL VO UECOLOPTOEL OTHY TPOOPOCT O€ £VOL TPAYUATIKO apyELO0 0TO dioko 1 o€ dhho TUTo
ovokeung amobfKevong 1 emkowvaviag (Yo mopdderypo Tumiky) eicodog/ €50dog, in-memory buffers,
sockets, pipes, KA.). Avtikeipevo apyeiov ovoudtovran emiong file-like objects 1 streams.

2TV TPAYUOTIKOTNTA VITAPYOUV TPELS KATNYOPLEG AVTLKEWEVOV apyelov raw dvadikd apyela, buffered
dvadikd apyeio xon apyelo keyévov. OL dLemapég Tovg opllovtal oty evotnta io. O Kavovikdg Tpdmog
YLOL VOL OTULLOVPYT|OETE €VOL AVTILKELUEVO OPYELOV ELVALL X PNOLUOTTOLDVTAS TV CUVAPTN O open () .

OVTIKEILEVO TTOV NOLATEL NE apYEiO
'Eva ouvavupo pe to file object.

KOSIKOT0I(1)01] GUOTINUATOS APYEIWV KL YEPLOTIS CPAANATMY
H xwdLKomoinon Kat 0 YepLoTig 0paAudTtwy xpnoluomoleitar amd tv Python yio v amokmdiko-
7oiN o1 TV bytes amd to Aettovpytkd ovoTnua Kou TV Kodikoroinon oe Unicode yio 1o Aettoupykod
ovoTNUO.

H x0dikomoinon ovothuatos apyelov WTopel vo eyyun0el v emTuynuévn amokmdlkomoinon ohmy
TV bytes katw otd 128. Edv 1) KdLKOTOL01 CUOTHUATOS APy ELDV OEV TOPEYEL CLUTIHV TNV EYYUNOT, OL
ouvapthoelg API uopotv va gyeipouvv éva UnicodeError.

Ovovvaptioelg sys.getfilesystemencoding () Kausys.getfilesystemencodeerrors ()
WITopouv va xpnowortotnfotv yior vo AMABETE TV KmALKOTOoiNo TOU CUOTHUATOS APYELDY KoL TOU
YELPLOTH OPOALATWV.

O filesystem encoding and error handler diopoppavovior Katd TV ekkivnon tg Python amd ™ ov-
vaptnon PyConfig_Read () Ph. filesystem_encoding kou filesystem_errors péln tov
PyConfig.

77


https://peps.python.org/pep-0498/

Extending and Embedding Python, Anpooiguon 3.14.0rc2

BA. emtiong to locale encoding.

finder
‘Eva aviikeipevo mov poomadel va Bpet to loader yio éva module wov e1omy 0.

Ynrdpyouvv dvo timol finder: finders ueta dStadpourns yio xpon ue sys .meta_path, Ko finders ei.6édov
Stadpouns Yo xpnon we sys .path_hooks.

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

aképor Sraipeon
H poadnpotixn diaipeon mov 6TpoyyvhomoLel Tpog ta KATw 0Tov Kovitvotepo aképato. O teheoTtng oKke-
porag daipeong eivon / /. Twa mopdderyna, n éxgppaon 11 // 4 aSlohoyeitow og 2 o ovtifeon ue v
T 2 . 75 TOV EMOTPEPETAL OTTO TNV LAUPEDN UE VITOdLOOTOM). EZnueiwon 6tL (-11) // 4 xGver -3
emeLdN v elval 1 0TPOYYULOTOINGT OGS Tar Kdtw tov —2 . 75. BL. PEP 238.

Swpeav vijna
‘Eva povtého viudtwv 0mmov molha vijuato propotv va ektehovv Python bytecode tautdypova uéco
oToV 1010 dtepunvéa. Auto épyeton oe aviibeon pe to global interpreter lock, 1o omolo emitpémel o€ Eva
uovo viuo va ektelel Python bytecode kG0e popd. Aeite to PEP 703.

dwpeav perafinti
Tumikd, dmwg opiletar oto language execution model, pwo ehevBepn petafAnty eivor omoladnmote ue-
TOANTY XPNOLUOTTOLELTOL 08 £va namespace IOV eV ELVOL TOTLKY| LETAPANTY] O€ eKelvo TO namespace.
Agite 10 closure variable yio mopdderypo. IIpaktikd, AMOYw TOU OVOUOTOG TOU YOPOKTNPLOTIKOV
codeobject.co_freevars, 0 0pog XPNOLULOTOLEITOL ETTLONG UEPLKES POPES G CUVDVUNO TNG closure
variable.

ouvapToN
Mia oeLpdt 0td SNAMOELS TTOV EMLOTPEPOVY KATOLL TIUY) OF OUTOV TTOVU TNV KAAEDE. € AUTEG UITOPOVV
VO TTEPALOTOUV KOVEVOQL 1| TTEPLOCOTEPO. OPlOUATE TTOV UITOPEL VoL ypnoyortotn0ei yio v ektéheon. BA.
emiong TG evotteg parameter, method, kou the function.

ouvapTNo annotation
'Evag annotation Wog TopapéTpou GUVAPTONG 1 WG TG ETLOTPOGPTS.

OL ovvOPTNOELG annotations GUYVA YPNOLOTTOLOUVTOL YO vT0delEels TUmov: Yio TOPAdELYUa, VT M
OUVAPTNON OVOUEVETOL VO TTAPEL HVO OPLOUATO 1Nt Ko ETLONG AVAUEVETOL VO EXEL 0L ETLOTPEPOUEVT|
T int:

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

H ovvta&n ovvdptnong annotation ovahdetow otnv evotnta. function.

BA. variable annotation xou PEP 484, tov mepLypdiper oty Ty Aettovpyikotnta. Esiong fi. annotations-
howto yia Tig KaATEPEg TPAKTIKES dOVAEVOVTAG e annotations.

future
‘Eva future statement, from __ future_ import <feature>, KaHodNYel TOV UETAYAMTTILOTY VO
uetayhmtrioet to Tpéyxov module yPNOLUOTOLHVTOG GUVTAEY 1) oNuactoloyia tov Ba yivel 1) TumtKy og
uedhoviikr) ékdoon tng Python. To module  future  tekunpwvel Tig mbovég Tuég Tou feature. Me
TV ELOAYWYY] OQUTNG TNG AELTOVPYIKHG LOVADOG KoL TNV aELOAOYNOT TwV UETABATOV TNG, UWTOPELTE VO
deite moTe o véa duvatdtTTo TPooTEONKE Yo TPWTH Popd TNV 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] TOPPLUATOY
H duadikacio amehevfépmong g uvnung otav dev ypnowwomoteitar dhho. H Python extelel oudhoyn
ATOPPLUATOV HECH KATAUETPONG OVOPOPMV KOL EVOS KUKAKOU CUALEKTY OKOUTILOLWV TTOU ELVOL OF
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B¢om va aviyvevel Ko va ortder Toug KUkhoug avapopds. O ouihéktng amoppiudtwy umopel va eheyy el
xpnoLpomolmvtag To module ge.

generator

Mo GUVAPTNON TTOV ETLOTPEPEL EVOL generator iterator. MOLATEL UE O KOVOVLKY) GUVAPTNOT EKTOS 0TTtd TO
OTL TEPLEYEL EK(PPAOELS yield yio TNV Tapaywy) Wag OELPAS TLUMV TTOV WTOPOVVY VO, ¥PNOLHoTTot 0oy
o€ évav Bpdyo for M| Tov Wtopovv va. ovoKTNOoUV o T popd e TV ouvaptnon next () function.

ZVVHOWG AVaPEPETOL OE L0 GUVAPTNOT generator, GAAG (WITOPEL VoL VAPEPETOL OE £VALV generator iterator

0€ UEPLKA contexts. 2e TEPLITTMOELG OTTOV TO ETMLOLWKOUEVO VOO OEV ELvaL GAPECS, 1] XPNOT) TWV TAPWV
OPWV ATOPEVYEL TNV OLOAPELCL.

generator iterator

"Evo avTLKEIUEVO TTOU dNIOVPYELTOL ATTd (oL GUVAPTNON generator.

Ké0e yield avaotélel Tpoowpivé TV emeSepyaoia, Bupdtol Ty Kkatdotaoy ektéleong (cuusept-
LOUBOVOUEVMVY TOV TOTILKMV UETAPANTOV KOL TV dNA®oEmV dOKLUNG 08 ekKpeudTTa). Otav o generator
iterator oVVEYiOEL, oUVeEXiTEL oo kel Tov oTaUdTNOE (0€ AvTiBEoN UE TIG CUVAPTHOELS TTOV EeKLVOUV aTTd
™V apy o€ kdbe exikinon).

generator éK@poon

Mua expression wov emotpépel Evay iterator. MoLGTeL ue Kavovikn éKppaon ov akolovbeitol amd wo
npdtaon for mou opilel wa uetafint) fpoyov, £va e0pog Kol wa Tpoapetkt) tpdtaon 1. H ovv-
SVOAOUEVT EKPPOOT ONULOVPYEL TLUEG YLOL LLLOL GUVAPTNOT EYKAELOUOV:

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

YEVIKT] GUVAPTNOT)

Mo ouvdptnon mov asoteheitan amd ToMMATAEG CUVAPTHGELG TTOV VAOTTOLOUV TNV D10l Aettoupyia yio
drapopetikovg Tumovg. Tlowa vAomoinom mpémet va ypnotpomotn el Katd ) dLdpKelo wo KAHong Ka-
Bopiletan amd Tov adydplBuo amooToMC.

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

YEVIKOG TUTOG

GIL

'Evag type Tov WTopEL Vo TopaueTpomot0el” ouvnbmg po container class, 0twg 1ist 1) dict. Xpnot-
pogtoLeiTtaL YL type hints Kou annotations.

TN eplocoTepeg Aemtopépeies, PA. generic alias types PEP 483, PEP 484, PEP 585, xou to module
typing.

BA\. global interpreter lock.

global interpreter lock

O unyoviopds mou ypnotposoteiton amd tov diepunvéa CPython o va dtaopaiioer 6t povo va viuo
extelel Python byrecode k&0e @opd. Autd amlomoiel v vhomoinon CPython dnuovpydviog to po-
VTELO OVTLKELUEVO (CUIITTEPLNOUPOVOLEVOY KPIOLW®WV EVOOUATOUEV®Y TUTTMVY OTTmg Y. dict) éuueoa
AoPalég EvaviL Tautdypovng Tpoofaonc. To kKheldwua oloxAnpov Tov dlepunveéa SLevKOAUIVEL TOV dLep-
unvéa va eivor TOAMATADY VNUATOV, €16 BAPOG TOV HEYAAOU UEPOVG TOV TTAPUANIOUOV TOV TaPEXOUV
oL Ny aveg TOAMATAWV eneEepyaoTdy.

Qo0t600, 0pLOUEVES AELTOUPYIKEG LOVADES ETEKTOONG, €ite TUTILKEG eite Tpitwv, ELouv oyedLaoTEl £TOL
wote va omehevdepdvouy to GIL dtav ektehoUv £pyaoieg EVIOTIKMV VITOLOYLOU®MY OTTMWG CUUTIETN 1)
Kotakepuotopos. Emxiong, to GIL amelevfepmvetan mavta otav exteleite 1/0.

Amtd v éxdoorn Python 3.13, o GIL umopei va amevepyorton0el ypnoomolmvtag ™ puouon
--disable-gil xoatd ™ dLoudPPWON TG Kataokevhg. Metd v Kataokeur tg Python pe avtiv
UE QUTHV TNV ETAOYY), 0 KDOOLKOG TTPETeEL Vo eKTeleitan pue v emhoyh —X gil=0 1) agov pvbuiotel
N petafint) weptBaihovtog PYTHON _GIL=0. Auth 1 duvatoTta emLTPETEL PEATLOUEVY 0TTtddOON YL
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£QPAPUOYEG TTOMOTIAMY VIUATWV KoL SLEVKOMIVEL T PN TWV ETEEEPYATTDOV TTOAATAMY TUPTHVWV LE
aodoTKo tpodmo. [N meproodTepeg hemrouépetec, deite to PEP 703.

Ze mponyovueveg ekdooelg tov C API tng Python, wa ovvdptnon pmopel vo Snhavel 6t amoLtel v -
pnomn tou GIL yua va ypnotpomonBei. Avtd avagpépetan otny VapEn wag kotaotaong attached thread
state.

hash-based pyc
'‘Evo. apygio Kpuphg wnung bytecode mtov ypnOUWOTOLEL TOV KATOKEPUOTIOUO Kot L ToV (pdvo Tpo-
TOTTOLNONG TOV OVTIOTOLYOV OPYElOV TPOEAEVONG VIOt VAL TPOTOLOPLOEL TV £YKUPOTNTO TOV. BA. pyc-
invalidation.

hashable
"Evo avtikeipevo eivan hashable v €xeL pua T Kotokeppotilopot ov dev alhdlel ToTé Katd ) dudp-
KeLo TG Comg tov (yperdleton o uéBodo __hash () ), ko uwopet va ouykplOel ue dhho ovtikeipevo
(xperdletan o uébodo __eq  ()) . Ta hashable ovTikeiievo IOV GUYKPIVOVTOL OOG TPOG TV LOOTNTO.
TOVG TTPETEL VAL £XOVV TNV OO TLUY| KATOKEPUOTIOUOV.

H YmtapEn hashable kéver éva aviikeipevo va wtopei va ypnowomoinei og khetdi AeEukot Ko wg uéhog
€vOGg GUVOLOU, ETTELDN AUTEG OL OUES DESOUEVWYV YPNOLUOTOLOVY TUUEG KOTAKEPUATIOUOV.

Ta wepLocdTEP amd Ta OUETAPANTA EVOOUATOUEVO avTLKELEVA TG Python wrtopoiuv va kortakepuott-
0ToUV” TaL HETAPANTA KoVTELvep (O0Tmg oL Moteg 1) ta AeELka) dev eivar” ta apuetdfinto Koviévep (0mTmg
mhelddeg Kou To frozesets) PITopovy Vo KATOKEPUOTLOTOVY LOVO EAV TOL OTOLYELO TOVG ELVOL KATOKEPULOL-
Tiopéva. Ta avtikeipevo ov eivar otrypdTuTa KAGoEmY Tov opilovral atd To XpNoTH WIopouv vo
KATOKEPUATLOTOUV amtd poemAoyr). Oha ouyKpivovtal dvioa ekTog amd Tov 0utd TOUG) Kat 1 T
KATOKEPUATLOUOU TOVG TPOEPYETOL atd TO 1d () .

IDLE
'Eva ohokAnpopévo meptdiiov ovamtuEng kot ndbnong yia v Python. idle eivan éva foaoikd mept-
Barhov emeEepyaoiag Kol diepunvéa. Tov cuvodevetal amd TV TumtLkT) dtovour| tng Python.

ABdavaro
Abdvata avukeiueva gival pua hemrouépeto vhomoinong g CPython mov ewonyOn otnv PEP 683.

Edv éva avtikeipevo eivor abdvato, o mAnloc avapoods Tov dev TPOTOTOLELTAL, KOl ETOUEVMG OEV
exympeitol Toté evd exteleiton o diepunvéac. Mo mapdderyua, True Kow None eivor abdvota otny
CPython.

Ta aBdvato avitkelpevo (topovv Vo ovoryvwpLoTtouy HEom TG sys._is_immortal (), N uéow g
PyUnstable_IsImmortal () oto C APL

immutable
‘Eva avtikeipevo pe otabepn) tuy. Ta ouetdfinta avitkeipeva mepthaufavouv apbuots , ouuBoro-
oelpég Kau mhelddec. ‘Eva tétoto avtikeipevo dev propel vor odAGEeL. 'Evo véo avtikeipevo mpémel vo,
dnuovpynOei v mpémer va amodnkevtel o dropopetikt) tiut). [aifovv onuovtikd poro og pépn 6o
o otabepd amarteital, yio mopdderypno wg khewdi oe éva heEuko.

e1oayouevo path
Mua Miota amd tomobeoieg (] kataywoloeis dtadpounc) mov uTopovy va avaintOovv path based finder
yio va gloayBovv modules. Katd v duadikacio etoaymyng, ovth 1 Aiota ue torobeoieg ouvnbwg ép-
yetal amd sys.path, alhd yia ta vromoakéta umopel emiong va €pBel amd T YOPAKTNPLOTIKO TOV
TOKETOV YOvVEQ __path__ .

ELGUYOYY)
H dradikaoia katd tv omoia 0 Khdikag e Python o éva module eivon dta0éoiun otov kwdiko Python
evog ddhov module.

EL00YWYEQS
‘Eva avTLKELIEVO UITTOPEL KoL var avolNTEL Ko va poptwvel éva module” kou éva finder xou loader ovti-
Kelpevo.

dadpaotikog
H Python éygt évov dLadpaotikd diepunvéa 0ov onuaivel Ot (WTOPELS VoL ELOGYELS ONAMOELG Kal EKPPUL-
OELG 0TIV ELOAYWYT) EVIOADY TOV SLEPUNVEQD, EKTEMDVTAG TG AIETO KOl EUPAVILOVTAG TA ATTOTELEGLOTAL.
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Amhdg eKKLVOTE TNV python ywpic opiopata (OaAvdg EMAEYOVTOG TO ATO TO KUPLO HEVOD TOV VITO-
Loyloth 00g). Amotelel évav ammodotikd TpoTo Yo va dokiudote véeg 1déeg 1) va eEetdote modules Ko
moxéto (BuunOeite help (x) ). o meplocodTepa oeTKd e T dLadpaoTikt| Aettovpyia, deite tut-interac.

interpreted
H Python eivouw pia interpreted yYAmooa, og aviifeon pe po LETOYAMTTLOUEVT], AV KO 1) SLAKPLOT UITOPEL
va givar kow oA Moym g apouoia tov bytecode petayhmwtTioTy). Autd onpaivel OTL To apyEio TPO-
£\evomg Wtopouv vo. ekteleoToVV amevdeiog ywpig vo dnuovpynOei pntd éva exteréolo apyeio mov
otnv ouvéyelo extereitol. Ol interpreted yAdooeg ovvnBwg éxovv WKpOTEPO KUKAO ovamTuENG/ evto-
TLOROV CPOMLATOV ATtd TLG UETAYADTTLOUEVES, OV KL TO TPOYPAUUOTA TOUG YEVIK( EKTELOVVTAL TTLO
apyd. BA. emiong interactive.

TEPUOTIOUOS AELTOUPYING diepunvia

‘Otov Tneltol Tepuationds Aettovpyiag, o diepunvéag g Python eloépyetar oe o eldik pdon dmov
amehevfepdvel 0TadLaKAE OLOVS TOUG dLaTLOEUEVOUG TTOPOUGS, OTTWG AELTOVPYLIKEG LOVADES Ko TTOMNaL-
ég kploeg eomtepikég dopéc. Emiong mpayuatomolel apketés KAMOELS 0TO GUAAER TG GKOVITLOLDV.
AVt PTopEL Vo EVEPYOTTOLYOEL TNV EKTELEDT] KWMOLKA 08 KUTAOTPOPELG TTOV 0pilovTtal amd To xprotn M
oe callbacks a.00gvoig avtamokpioels. O KMALKAG OV EKTENEITOL KATA T (AT TEPUOTLOUOD AELTOVP-
viog umopet va ouvavtioel dudpopeg eEatpéoels, kKabmg oL TOPOL 0ToVg 0Toiovg PacileTal evogyeTal
vo. unv hettovpyotv mhéov (ouvnOm mopadeiyuato eival oL Aettovpytkég novadeg PLpiodfkng M o un-
YOVLOUOG ELOOTTOLTTEMV).

O Baoikog hoyog TepuaTlopot Aettovpylog Tov depunvéa eivor 6tLto __main__ module 1) ohokAnpw-
OnKe 1 EKTELEON TOV KMOOLKO TTOV ETPEYE.

iterable
‘Eva avTtikeipevo tkavo va emioTtpéPpel to. iéAT Tov éva Kabe popd. Tapadeiypora iterables mepihoufd-
VOUV 6AOUG TOU TUTTOVS 0KOAOUBL®V (0ntwg 1ist, str, kau tuple) Kol ueptkovg THITous U akohovdiog
omwg dict, avukelusvo apyelov, KoL AVILKELLEVO 0TOLOVONTOTE KAAOEWV TTOV UTOPOUVV VO OPLOTOVV UE
o uébodo __iter_ () 1 ue wio uébodo _ getitem__ () mwov vhomolel T onuocloloyio sequence.

Ta iterables umopovv va xpnotuoson0ovv oe éva for Bpdyo Kot oe Todd dhha onueia dTov ypeLdile-
T wa akorovBia (zip (), map (), ...). Otov éva iterable avtikeipevo petafLpdletor wg OpLona oTny
EVOOUATOUEVY OUVAPTNON iter (), emOTPEPEL Evay iterator yia AVTLKELEVO. AUTOg o iterator elvol
KOAOG YLoL €va TEPaoua ard Eva GUVoLo TmV. OTav XPNOLULOTTOLELTOL ETOVOANTTTLKA, CUVNO®GS eV €l-
VO oTTapaiTTo VoL KOAESETE TO iter () 1 va aoyolnbeite udvol oag ue oviikeipeva iterator. H dnhmon
for To KAVEL AUTOUATOL YLOL EGAG, ONULOVPYMVTAG LLOL TTPOCWPLVY] UETAPANTH YWPLS dvoua yia va KpoTd
ToV iterator yio TNV dudipkela Tov Bpdyov. Bh. emiong iterator, sequence, Ko generator.

iterator
"EvOl OVTLKELIEVO TTOU OVTUTPOOWITEVEL P pot) dedouévawv. Emavaloufoavoueveg KAMOeLS Tpog T ué-
0080 __next__ () Tou iterator (1] uetafifaon TOU OTHY EVOOUATOUEVY CUVAPTNON next () ) emoTpé-

oV dLadoy Lk otoLyeia aTnVy pot). Otav oy teplocdtepo dedouéva eivar dStadéolua eyeipetal pua eEai-
peon StopIteration. Ze autd To onueio, To avtikeipevo iterator eEavtleital Kot TuyOV TEPALTEP®
KMoewg oty uébodo _ next_ () amhog amhd eyeipovv Eavd to StopIlteration. O iterators mwpé-
TEL VaL EXOUV WoL uéB0do __iter_ () mov emlOTPEPEL TO D10 TO aVTLKELUEVO iterator, £TOL WOTE KAOE
iterator va. eivow emiong iterable Kau umopel va ypnopwomombel ota mEPLOGOTEP UEPT OOV YivovTon
omodeKktol Kot dAhol iterators. Mio, aEtoonueimtn eEaipeon eival o kddLkog wov emLyelpel TOMATAG
mepdopata iteration. 'Eva aviikeipevo Koviéivep (Ommg éva 1ist) mapdyel évav kabapd véo iterator
K&Be popd mov kAOe popd Tov peTaPLBAleTaL 0TV CUVAPTNON 1ter () N TOV XPNOLULOTOLELTAL OF VO
for Bpoyo. Edv emyeipnoete avtd ue évav iterator amhdg Oa emotpéypete To ido eEavtinuévo avri-
KELWEVO iterator sTov YPNOLOTOLONKE GTO TPONYOUUEVO TEPOOpQ iteration , KAvOvVTAG TO Vo QaiveTol
oav €va GOEL0 KOVTELVEP.

[epioodtepeg mAnpopopieg wropov va fpebolv oo typeiter.

To CPython dev eqapudCel pe ovvémelo TV amaltnon vo opilel évogiterator  iter () .Emiongon-
uewwote ot £xdoorn CPython pe eleBepn vtoot)piEN vudtwv dev eyyvdton v aopdiea vnudtwv
yio dLodLkaoieg e iterators.

ouvvaptnon key
Mo ouvaptnon Khedi 1 puo ouvapTnom TaEvounong ivar e dSuvatdTnta KAong ov emoTpéQeL UL
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T o ypnowportoteitar yio taEvounon N dudta&n. Mo wapdderyno, locale.strxfrm() xpnot-
UOTTOLELTOL YLOL TV TTOpay WY evOG KAELOL0U TaEvounong mov yvmpilet Tig ovuBaoelg ToELVOUNongG yLo.
OUYKEKPLUEVEG TOTILKEG pLOULOELG.

‘Eva. oplBudg epyodreimv omnv Python oéyetor Paolkég OuVOPTNOELS YLOL TOV €AEYYXO TOU TPOTOU
ue Tov omoio To oTouelo Tagivouovvror M opadosolovvtat. Avtd mepiéyouv min (), max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest(),
Kow itertools.groupby ().

Yrdpyovv dtipopol TpdIToL Yo vor dNuovpynoeTe wa. ovvaptnor kiewdov. INa moapdderypa. 1 wé-
00d0¢ str.lower () WTOPEL VO (PNOLUEVOEL WG OLVAPTNOT KAELDL YLl TV TEPLTTWOT W dLAKPLONG
meCov-Keparaiwv. Evolhaktikd, pa cuvaptnon kiewdot pmopet vo. dnuovpynbel amd wo lambda
éxppoon 6mwg lambda r: (r[0], r[2]).Emiong operator.attrgetter (), operator.
itemgetter () ko operator.methodcaller () &lval TPELG KOTAOKEVAOTESG FOOLKMOY OUVAPTN-
oewv. BA. to TaEwvounon HOW TO yua mapadeiynata dnuovpyiag kot ypnong Paotkdv cuvapthoewmy.

opiopo keyword

BA\. argument.

lambda

Miat avd VLY EVOOUOTOUEVT] GUVAPTIOT] TTOU OTTOTEAELTOL OITO LG, WOVODLKT| expression 1) 0Ttoia aELo-
hoyeitaw Otav kahgiton 1 ovvéptnon. H odvtaEn yuo ) dnuovpyia wag ovvdptnong lambda eivon
lambda [parameters]: expression

LBYL

Look before you leap. Autd 10 0Tuk KOOLKOTOINGNG ELEYYXEL PNTA TIG TPOVTOOETELS TPLV TPOYUATOTTOL-
NoeL KA oelg 1 avalnmoels. Avtd 1o oTuk €pyeTol o€ avtifeon ue v mpooéyylon EAFP Kol yapoKT-
piteTon amd TV mopovoic ToAmV dhwoenv 1 f.

Ze éva mepLailov molhamhmv vnudtov, 1 tpoogyyion LBYL pmopel va diakivouveloeL vo. eLoAyEL
wo ouvOfKn aydva uetoll «the Looking» kol «the leaping». I tapdderyua o kddikag, if key in
mapping: return mappinglkey] WIOPEL VO OITOTUXEL €AV £va GANO VIO OpaLp€OEL TO key o
TO mapping PETA T dokut), OAG TPV aTd TV avolntot. Avtd to Tpdfinuo pmopet va hubel ue
KAELOOUOTA 1) XpMoLpoToldvTas TV pooéyyion EAFP.

AeEkog avaivTig

Mota

Emionun ovouooia yio tov tokenizer - Bh. token.

'Eva evoouotouévo Python sequence. Iapd to Ovopa tov, LoLALeL TEPLOGOTEPO (LE EVOIV TIVOKA 08 (AAES
YAWoOoES Topd e po ovvdedeuévn hota, kKabhg 1 tpocPaon oto otolyel eivar O(1).

list comprehension

'Eva. oupstaync Tpomog yo va ereSepyooteite Oho 1 LEPOG TV OTOLYEIWY 08 pLa 0KoAovBia KoL vo.
EMOTPEYETE WO MoTa ue T ommoteléopata. result = ['{:#04x}'.format (x) for x in
range (256) if x % 2 == 0] dNWOUPYEL wat AloTA CURPBOLOCELPDV TTOU TTEPLEYXOUV LUYOVG dekae-
Eadukovg apBuovg (0x..) oto evpog artd 0 £mg 255. H mpdtaom i f eivon poarpetiky). Edv maparewpOei,
O\oL TOL OTOLYELDL 0TO range (256) vmofahllovtal oe eneSepyaoiaL.

loader

‘Eva. avukeipevo mov goptmvel éva module. Tpémer va opiler tig pebddovg exec_module () Ko
create_module () ywo ™V vhomoinon g demagng Loader. ‘Evag loader ouvnOwg emotpépetan
ue éva finder. Agite emiong:

o finders-and-loaders
e importlib.abc.Loader

- PEP 302

TOTIKY] KWOKOTOiNnoM

Zto Unix, givae 1 kmdikomoinomn g tomky pubuwong LC_CTYPE. Mmopet va puBuotei ue locale.
setlocale(locale.LC_CTYPE, new_locale).

Zta Windows, eivow 1) code page ANSI (;t.y. "cpl252™).
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Zto Android xow to VxWorks, 1 Python ypnowormotei to "ut £-8" mwg TomKk KmdKomoino.
locale.getencoding () WIOpPEL va xpNOLUOTOLNOEL Y10 TNV AVAKT O TG TOTILKNG KMALKOTOINomg.
Bh. emtiong o filesystem encoding and error handler.

noykt uédodog
"Eva dtumo ouvdvupo yia special method.

mapping
‘Eva aviikelpevo Koviévep mov vmootnpiler avbaipeteg avalntioelg KAeWOLdV Kol VAOTTOLEL
©g uefoddovg mov koBopilovior oto collections.abc.Mapping W collections.abc.
MutableMapping abstract base classes. Ta mopadeiyuata mepthaufdvovy dict, collections.
defaultdict,collections.OrderedDict Kawcollections.Counter.

meta path finder
'Evag finder mov emiotpdpnKe e avalntnon oto sys.meta_path. O finders peta-diadpour|g oyeti-
Covtat, aAld drogépouv amo ta finders entry dtadooung.

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

neta-Khdon

H kAhdom wog khaomng. Ou opiopoi Khaong dnuovpyotv éva dvoua KAAomg, évo heEtko KAAoNG Kat uLo.
Mota Baotkav kKhaoewv. H peto-khdon eivor veufuvn yio v amdKTnon outmy TV TpLmV 0pLopid-
TV Ko TNV duovpyio TG KAaomg. OL TePLO0OTEPES AVTLKELUEVOOTPEPELG YADOOES TTPOYPAUUATLOUOV
TOPEXOVV ULaL TTPOETUAEYUEVT] VXOTTOINOT. AuTtd Tou Kdével tnv Python Egymploth eivan dtL givan duvari
1 dNuLovpYio TPOGUPUOOUEVWV UeTOKAATEWDY. OL TEPLOGOTEPOL XPNOTES dEV YPELALoVTAL TOTE OVTO TO
epyoheto, aAhG OTOY TOPOAOTEL AVAYKT, AUTO TO EPYOLELD, OL LETA-KAAOELS WTOPOUV VAL TTOPEYOVV LOY V-
péc, Koupég Moeis. 'Exovv ypnowuomown0ei yio tnv Katoypap Tpoofoong xopakTpLoTik®y, TV Tpo-
o0MKN aopdlelag vNUATY, TNV TopaKohoVON o dNULOVPYILLG AVTIKEWWEVW®Y, TNV VAoTToinoY singletons,
Ko ToAAEG GMAEG EpYaOieS.

[MepLoodtepeg mANpopopieg umopovv vo. fpedovv oto metaclasses.

uébodog
Mo cuvaptnon mov opitetal uéoa 0to omuo pag kKhaong. Edv xokeitar og yopaKTnpLotko Wog me-
picTmong avtrg g KAdong, N uéBodog O MafeL avILKeileVo TEPITTMONG WG TPWTO TG argument (To
omoio ouv)Bwg ovoudLeton self). BL. function Kau nested scope.

e avahvong nedodwv
H Zeipd Avalvong MeBodwv eival 1) o€Lpd ue TV omoia oL Baotkég KAAOELG avalnTouvTaL Yo éva LEAOG
Kot v ovalntnong. BA. python_2.3_mro yio AettopépeLeg Tov ahyopiOuou o ¥P1oLUOTOLELTOL OTTO
tov depunvéa g Python amtd v €ékdoon 2.3.

module
"EvoL OVTLKELLEVO TTOV Y PT|OLUEVEL MG OPYAVOTLKY LovAada Tov kKmdika tng Python. Ta modules éyxouv évav
YOPO ovoudTtmv TTov TepLEYEL avbaipeta avitkeipeva Python. Ta modules qpoptdvovtor otnv Python pe
™V dLodiKaoia importing.

BA. emiong package.

TEYVIKES TTPOdLaypapés module
"Evo. namespace tov JEPLEYEL TLG TIMPOPOPIES TTOV OYETICOVTOL (L€ TNV ELOAYMYT] TTOV YPTOLULOTTOLOVVTAL
Yo TV QOpTmon evog module. Mia stepintwon tov importlib.machinery.ModuleSpec.

BA. emtiong module-specs.

MRO

B\. method resolution order.

mutable
Ta eupeTAPATO OVTLKEIPEVO WTOPOUV VoL OAAAEOVV TG TLuég oG va Kportiioouy Ta 1d () . BA. emiong
immutable.

named tuple
O 6pog «named tuple» eapudletal yio. 0ToLovonmTote TOmo 1 KAAON Tov KAnpovoueital amd Ty
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TILELA L KOL TWV OTTOLWYV T GTOLYELD WITOPOVY VO EVPETHPLOTOLNO0VV €ival TPOTRATLILOL PN OLUOTOLD-
VTAG ETOVUILA YoPpaKTNPLOTIKAE. O TOTOG 1) 1) KAAOT WITopEl va €xEL Kot GAMOL {OPOKTNPLOTIKA.

Iolhol evomuotouévol timol eivor named tuples, CUUTEPIAAUPAVOUEVDV TWV TLUMV TTOV ETLOTPEPOVTOL

ond time.localtime () xou os.stat (). Eva dhho mopdderyno elvor 1o sys.float_info
>>> gys.float_info[1l] # indexed access

1024

>>> sys.float_info.max_exp # named field access

1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

L

OpLopéves avayvopLouEVeg TLeLadES eival EVOMUATOUEVOL TUTTOL (OTTMG TA TAPATAVD Tapadelyuata).
Evalhoktikd, pe avayvoplopévn mhelddao puopet vo dmuovpynoet amd évav oplopd Kavovikng kid-
ong mov KAnpovouel amd tuple ko wov opilet Eykvpa medio. Mia tétola KAGOoT WITtopel va elvou ypot-
Hév 1e to yépL N wopel va dmuovpynOei kKinpovoumdviog to typing . NamedTuple, Y| ue v factory
ouvdpton collections.namedtuple (). OiteElevToieg TEYVIKEG TPOTOETOVV ETTIONG UEPLKEG ETTL-
méov uefddovg Tov umopel va unv Bpefolv og XeLPOYPOPES 1) EVOMUATOUEVEG TAELADES ue GVOLLO.

namespace
To uépog dmov arobnkeveTow o petofint. To namespaces vhomolovvrar wg AeEtkd. Ymdpyouvv ot
TOTTLKOL, OL KABOALKOL KOl OL EVOMUOTOUEVOL namespaces KoOMg KoL oL £vOEToL namespaces 0€ AVIIKEL-
ueva (oe pebddovg). o Tapdderypa oL ouvapToelgbuiltins . open KoL 0s . open () dlokpivoviol
aTto TOUG Y MPOVG OVOUAT™V Tovs. O xwpotl ovoudtwv fondolv exiong tnv avayvooludTnTa Kot T ov-
vTNpPNoLoTNTO KofLotdvtog oapés woto module vhomotel wa Aettovpyia. o mopdderyua, ypdgoviag
random.seed () itertools.islice () KaBLOTd COPEG OTL QUTEG OL CUVAPTIOELS VAOTTOLOVVTOL
artd Ta module random kow itertools, aviioTouya.

TOKETO namespace
'Eva package mwov ypnowueter udvo mg KOVTELVEP YLOL VTTOTOKETA. Ta TAKETO Y MPOV OVOUATMOV UWITOPEL
VO U1V €XOUV (PUOLKT] AVOITTOPAOTOON KoL OVYKEKPLUEVE VO unv glvar oav €va regular package emeldn
dev éxouvTo __init__ .py apyelo.

Ta okéta OPOV OVOUAT®V EMLTPETOVY 08 TOAMA TaKETA Pe dUVATOTTA EYKATAOTAUONG LEUOVMUEVQL
v €XOUV €vaL KoLV YOVIKO TaKETO. ALAOPETIKA, ovvioTaTol 1) xpNon evog regular package.

TN wepocdTepeg minpogoplies, deite to PEP 420 xou to reference-namespace-package.
B emiong module.

nested scope
H duvatdomto avapopds o o PeTaAnty og évav meptkielopevo optopnod. Ta mapdderypo uo ov-
vapTNoT Tov opiletal uéoa o8 wo GAAT CUVAPTNON WITOPEL VO OvapEpeTaL O UETAPANTEG 0TV eEw-
TEPLKT] CUVAPTNON. ZNuelmote Ot ta évOeta medio amd TPOETLOYH AELTOUPYOUV UOVO Yo avapopd
Ko oL yro ekydpnon. Ot tormkég petafAntég dtafaloviol Kot Ypapoviol 0To ECWTEPLKO TedL0 Epap-
poyns. Opoiwg, ou kaBolkéc uetafintég drofdouv Kot ypdpouv otov Kabohkod ympo ovopdtwy. To
nonlocal emTtpémeL TNV eYYPAPY 08 EEWTEPLKA TTEdIAL.

KkAdo1 vEOU oTUA
To tahd dvopa yia 10 100G TV KAAGEMY Y PNOLUOTTOLELTAL TTAEOV Y10l OMOL TAL AVTLKELUEVOL. Z€ TAMOTEPEG
ekd00eLg TG Python, O vo oL KAGOELG VEOU OTUA WITOPOVOAY VAL XPNOLULOTTOLCOUV TIG VEOTEPES, EVEALKTEG
duvatomteg tng Python émwg _ slots_ , descriptors, 1810t)teg __getattribute_ (), uébodor
KAGonG, Kou otatikég pébodot.

OVTIKEIUEVO
OmoLadNmote dedouéva e KoTaoToon (YopaKTNPLOTIKA 1) TUY) Ko KaBopLopév ovpmeptpopd (ueédo-
dov). Extiong, M telkn ookt kAo ommolacdfote new-style class.

BertioTomotuEVO TeEdio opaToTnTOS (Scope)
‘Eva mtedio opatdtnTog (scope) 0ov To ovOUATo TWV TOTKOV UETAPANTOV eival YvmoTod ue Befardtntoa
OTOV UETOYAWTTLOTH KOTA TH UETOYADTTLON TOV KOILKA, EMLTPETOVTOG T BEATLOTOTOINGT TG TPOoPa-
NG YO AVAYVOOT KoL YYpapt o€ autd ta ovopata. Ou TomKol XMPoL OVOUAT™Y YLo. GUVOPTNOELS,
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YEVVITPLESG, OLVAPTHOELG coroutine, oupTTOEELS (comprehensions) Kou EKQPACELS YEVVNTPLOV BENTLOTO-
TTOLOVVTAL UE OUTOV TOV TPOTTO. ZNUELWOT): OL TEPLOCOTEPES BEATLOTOTOLNTELG TOV SLEPUNVED EPAPUO-
Covtal og Oha Ta Tedion opaTOTNTOG WOVO eKeives Tov Bacilovral 08 YVwoTd GUVOAO TOTILKMV KoL UT|
TOTKOV HeETABANTMV TTEPLopitoviol o felTioTomotnuéva medio opaTdTNTaC.

TOKETO
"Eva Python module mov ptopei va epiéyer submodules 1) avadpoukd, vtomokéta. Texvikd, éva makéto
elvar wa hettovpyukt) povada Python pe éva __path_ yopoktnplotko.

BA. emiong regular package xou namespace package.
TUPAUETPOS
Mua £yKupn oviotnta o€ Evav optopd function () uéBodog) mov kabopilel Eva argument (1) 0€ OPLOUEVEG
TEPLITTOOELS, Opiopata) wov umopel va dexOel 1 ouvdptnomn. Yradpyovv mévte eldn mapouétpmv:
o MéEn-kAeldi 1) Oéon: kabopilel éva dpLopa Tov witopet vo petafipaotel gite Oéoews N wg dptoua

AéEng-kAetdiod. Avtd eivol To TPOoETAEYUEVO ElO0G TAPAUETPOV, VIOl TAPADELYUA foo KoL bar GTa.
akorovba:

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

o Oéoewg uévo: xaBopilel Evo OpLopa TOV PITOPEL Va TOPEYETOL LOVO artd TN B€om. OL mapdueTpot
uovo B€omg WTopovV vaL 0pLOTOVV GUUTEPLLAUBAVOVTOG EVOY XUPAKTHPO / 0TI AMOTO TAPAUETPOV
TOU OPLOUOY CVVAPTNONG UETE 0TTd QUTEG, Yo Tapdderyua posonlyl kon posonly2 oto eENG:

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

o AéEng-kAeldi udvo: kabopilel éva dpLopa Tov Wtopel vo mapéyetor wovo ue MEN khewdi. Ou ma-
paueTPoL wovo Yo MEN-KAEdL witopoldv va 0ploTtovv ouUTEPLAOUPBAVOVTOG UL TTOPGUETPO OF-
ong 1 ok€to * 0TI MOTA TAPAUETPWY TOU OPLOUOY GUVAPTNONG TIPLY OO AUTEG, YLOL TTOPAELYLOL
kw_onlyl xou kw_only2 oto. axdrovdao:

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

o uetafAnti Oéong: koOopilel OTL umopel va mapaoyedel wa avbaipetn akohovbio optopdtwv OEong
(emumhéov Twv oplopdtov Béong ov eivar N amodektd omd dhheg Tapouétpovs). Mia Tétola
TOPAUETPOG WITOPEL VAL OPLOTEL TTPOCUPTMVIOG TO OVOUA TNG TTOPAUETPOV UE *, YLOL TOPAIELYUOL
args oto. akolovba:

[def func (*args, **kwargs):

o uetafAntih AéEn-kAeldi: kaBopiler OTL propovv va mapéyovral avbaipeta TorG opiopota AEENG-
KAELOLOV (emuTAé0V TV 0pLopdTwv AMENG KAEWDLOU oV ivarl amodeKTd ammd dAleg TaPaUETPOUG).
Mo TétoLa TOPAUETPOS UTOPEL VO OPLOTEL TPOCOUPTWVTAS TO OVOUOL TG TOPAUETPOV UE * *, YL
mopdderyuo kwargs Ommwg TAPATAV®.

OL Tapduetpol uropovv vo, Kahopicouv T000 To TPOALPETIKA OG0 KOl TOL OTTOLTOVUUEVO OPLOUATO. , KO-
0ig KoL TPOETUAEYUEVEG TLUEG YLOL OPLOUEVE TEPOOLPETLKG OPLOUATAL.

BA. exiong v argument xotaympLlon gupetnpiov, Ty epdtnon FAQ oyetikd pe 1 dtogpopd puetal
0PLOUATOV KL TAPOUETPWY, TV KMAON inspect . Parameter, tv evotnta function ko PEP 362.

path entry

Mua pepovouévy tomobeoia oto import path tTv omoto ovppovievetan o path based finder yio vo. Bpet
modules Yo EL0AYWYT.

path entry finder
'Evag finder mov emotpépetar amd évov KahoUpevo 0to sys.path_hooks (dnhadn éva path entry
hook) mov Eéper mwg va evromntiler modules pe path entry.

BL. importlib.abc.PathEntryFinder yia tig uefoddovg mov o entry finder duadpoung vhomotei.
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path entry hook

"Eva. kahoUpevo ot Mota sy s . path_hooks, To omtoto emotpépel éva. path entry finder edv Eépel mwg
va Bpioker module og po cuykekpLuévn path entry.

path based finder

‘Eva amd ta poemheyuéva meta path finders mov avolnta éva import path yio. modules.

path-like avrikeipevo

PEP

'Evo ovTLKELIEVO TTOV avTLpoommeveL éva path ovothuatog apyeiwv. ‘Eva aviikeiuevo path eivou eite
€va avTLKEipEvo str 1] bytes mov aviutpoowstevel £va path 1) €va AVTLKEIUEVO TOV VLOTIOLEL TO TTPO-
tOkoMo os . PathLike. Eva avrikeipevo mov vrootnpilel o tpwtdkolho os . PathLike umopel va
petatpamel o path cuoTHuOTog apyelwv str 1 bytes Kahwvtag Ty ovvdptnon os . £spath () ” ta
os.fsdecode () koL os.fsencode () UTOPOVV VO, XPNOLUOTOLNOOVY YLOL TV EYYINOT] EVOS OTTOTE-
Méopatog str M bytes, avtiotoryo. Ewonydn and tov PEP 519.

[pdtaorn Bektimong Python. ‘Eva PEP elval évo éyypago oxedlaouov mov mopéyel TANpopopleg oty
KowvotnTa Python 1 meprypdgper wa véa duvatdotta yio v Python 1) Tig dradikaoieg 1 o mepLfah-
Lov tng. To PEP Qo mpémet var mop€youy o GUVOTTTIKT TEYVLIKY TTPodLorypopr] Kot (o AoyLKY Yio T
TIPOTELVOUEVL Y APOKTIPLOTIKA.

Ta PEP mpoopilovror va givor oL KUPLoL ioviopol yio Ty tpotoon OUOVTLKOV VEDMV YOPOKTIPL-
OTLKMV, YO T GUMOYT] TTANPOQOPLMOV THG KOLVOTNTAG YLt £vo THTNUA KoL YLt TV TEKUNpimon tmv
ATOPAoEMV OoYEdLOOIOV TTOV £ouv eloayBel otnv Python. O ouvyypagéag tov PEP eivow veibuvog yio
TV 0LKodOUN N GUVaivEoNG eVTOG THG KOLVOTNTOG KoL TNV TEKUNPLWON AvTIOET™mVY ammdPewy.

BA. PEP 1.

THpe

‘Eva ovvolo amd apyeio og évav novo Kotdhoyo (evOeyouEvmg amoOnNKeVUEVO O apYELO Zip) TTOV OUU-
BaMovv og éva namespace TOKETO, OTWG opitetar oto PEP 420.

opwopa Ogong

BA\. argument.

provisional API

"Eva provisional API eivan avtd mov €xel eoxeppévo eEoupedel amd tig backwards eyyviioelg cuufoatdt-
TAG TG TVTTLKNG BLBAMOOTIKNG. AV Kail dEV OVOUEVOVTAL ONUOVTIKES OMAYEG OF TETOLEG DLETTAPES, EPOTOV
EMLONUOAEVOVTOL WG TPOCWPLVES, alharyég un backwards ovppatotrog (WéxpL Kot Katdpynon tng ote-
TOPNG) WITOPEL VoL TPOKMPoUV eGv KpLOel amapaitnto amd Toug Footkovg Tpoypaunatiotés. Tétoleg
alayég dev Oa yivouv dokoma - O ovpotv udvo edv ammokaivpOovy cofapd Oeuelimdr eraTTmpoTa
mou mapaleipdnkav mpiv amd ™ cuumepiinym tov APL

Axoun xow yia provisional API, ov un backwards ovufatég arhayéc Bewpovvrar «hdon €oyotng
avaykne»- Ba eEakolovdel va yivetow kdbe mpoondBeia yio va Bpedei wa Aon backwards ovufoti
O€ TUYOV EVIOTIOUEVO. TTPOPAUOTA.

Avt 1 dradikaoio emrtpémel oty Tumky BLlodNKn va cuveyioer va eEeliooetal pe v Tépodo tov
YPOVOU, YWPIG VO KAELDWVEL TPOPANUATIKG OAALOTA OYESLATUOV VL0 EKTETOUEVES YPOVIKES TEPLODOUG,.
Bi. PEP 411 yio weplocdtepeg hemTouépeLes.

provisional woxéto

BA. provisional API.

Python 3000

Weuddhvupo yo 1o ovvolo ekdocewv Python 3.x (emvonOnke mpLv 0rtd okt Kapd dtav 1 Kukhogpopio
™G €kdoong 3 ftav KATL 0T0 pokpLvd wéMov.) Autd ovoudteton emtiong wg ouvtopoypagio «Py3k».

Pythonic

Mua 1déa 1) éva Koupdt Kmdko tov okohovOel ToTd Ta o Kowvd wimpata tg YAwooog Python, avti
VO VLOTTOLEL KMALKOL PNOLUOTOLMVTOG £VVOLEG KOLVEG 0 dAleg YAwooeg. Tia mapdderypa, £va Kowvo
wWimpo otnv Python eivaw va kéver wa eavdinym mave amd oha ta otouyeio evog iterable ypnoluo-
oldvtog wo dNhmon for. [Modhég dhheg YAOOOES TOU deV €XOUV AUTOV TOV TUTTO KOTAOKEVNG, £TOL OL
avBpwrot wov dev eivan eEotkelmuévol ue v Python ypnopwomolotv uepikég @opég évav aptbuntikd

UETPNTN:
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-

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

L

Avtibeta, wo mo kabapn uébodog Pythonic:

-

for piece in food:
print (piece)

L

AVOYVOPLOUEVO OVOUQL
"Eva Ovopa ue KOUKKideg mov deiyvel tn «dadpour)» amd to Kabolkod eupog evog module oe pua kKLAom,
guvaptnon 1 uEBodo mov opiletar oe avtnv TV EVOTNTA, OTtwg opiletal oto PEP 3155. T'ia ovvaptioelg
Ko KAAOELS OVATATOV EMLITEDOV, TO OVOLYVWPLOUEVO OVOUOL ELVOL I8LO [E TO GVOUX TOV OVTLKELUEVOU:

>>> class C:

class D:

def meth(self):
pass

>>> C._ _qualname
ICI
>>> C.D.__qualname_
'C.D'
>>> C.D.meth._gualname_
'C.D.meth'

‘Otav ypnopomoteiton yio ovapopa oe modules , To TAOWS AVayVOELGUEVO Svoua GNUOLVEL OLOKANPO
to drakekopuévo path tpog to module, cuuTEPIAAUPBAVOUEVWV TUYOV YOVIKMV TOKETWV .. email.
mime.text:

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

i 00c avagopag
O aptBudg TV avapopmv o éva ovikeipevo. ‘Otav 1o 00 avapopdv evOg aVTLKELUEVOY TETEL
070 UNdEY, Katovéuetat. Mepikd aviikeipeva eivan immortal Kou €xovv TAf00g avapopwv Tov dev Tpo-
JTOTTOLOVVTOL TTOTE KOIL ETTOUEVIG TA CVTLKELIEVO dev KaTtovénovtol toté. H Kotapétpnon avogpopmv
vevikd dgv glval opaty otov kmduka g Python, oddd eival faotkd atouyeio tng viomoinong CPython.
OL TTPOYPOUUOATLOTES WITOPOVV VAL KAMEGOUV TN CUVAPTNON SYS . getrefcount () Yo VoL ETLOTPEYPOVY
70 TAH00G aVapOPAG YLOL EVOL GUYKEKPLUEVO 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 KATAAOYOS Tov TepLéyeL éva __init . py opyelo.

Bh. emiong namespace package.

REPL
Axpoviuo tou «read-eval-print loop», GA1 ovopaoio yia to interactive epBAALOY TOU dlepunvéa.

__slots__
Mo dMdwon péoa oe wa kKhaon mov eEotkovopel uviun dnAdvovtog €K ToV TPOTEPWV MPO YLOL T
paderyua xopoKmpLotikd Ko eEaleipovrog MeEikd oTrypotimwy. Av Kot SMUOQLANG, 1 TEXVIKT| elvor
KATwg dUOKOAO vaL YivelL 0WOoTI Ko TPoopileTol KaAITEPO. YLo GIAVIEG TEPLTTWOELG OTTOV VITAPYEL UE-

YOLOG aPLOUOG OTLYIOTVTTMV OE (oL EQOPUOYT] KPLOWNG-UVIUNG.

akorovdic
'Evag iterable mov vooTnpilel TV OTOTENEOUATIKT] TPOGPACY OTO OTOLYELO YPNOLUOTOLDVTIOG OKE-
paLovg delKTEG HECW TG ELOLKT) ueBOdov __getitem () kou opiCel o uéBodo _ len_ () mov
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emoTPEPeEL To UNKOG TG akorovBias. OpLouévol evomuatmuévol Tomol akolovbmv eivor 1ist, str,
tuple, ko bytes. Enuewdote 6t to dict vmootnpilel emiong __getitem () xouw __len_ (),
odd Bewpeltor avilotoiylon Kol Oyt akolovBio emeld’) ov avalnmoelg xpnoluomotoVv avdaipeta
hashable x\eldLd TaPG OKEPOLOL.

H agnpnuévn Paoikn khdon collections.abc.Sequence opilel o moht mo mhovoto dte-
oy mov Eemepvd tor amhd __getitem_ () kow __len__ (), adding count (), index(),
__contains__ (),kxo__reversed__ ().OutdmoL wov vhomolotv authy TV dtevpupévn diemap
WITOPOUV va KotaympnOouv pntd xpnowomoidviag register () . [o mepiocdtepn tekunpiwon oye-
kG e Tig uebodovug axorovdiag yevikd, avatpéEte oto Common Sequence Operations.

set comprehension
"Evog ouumaync Tpomog yio. va. eneEepyaoteite OMoL ) HEPOg TV oToLyelmv o éva. iterable ko vo emi-
oTpapel €vo ouvolo pe ta omoteléoparta. results = {c for c in 'abracadabra' if c
not in 'abc'} dnwovpyei to ovvolo ovpporooelpwv {'r', 'd'}. B\ comprehensions.

novadiko dispatch
Mua popepn) dispatch generic function 6mov 1 vhomoinom emAEyeToL ue BAoN TOV TUTO EVOG LEUOVMUEVOU

oplouortoc.

slice
‘Eva ovtikeipevo mov ouvnOmg mepléyel éva tufua og axkorovbiag sequence. Anpovpyeiton éva slice
YPNOLULOTTOLMVTAG TN onueiwon subscript, [] pe dvow Ko Kétw teleieg ueta&y apbumv otav divovon

moAhoi, Omtwg oto variable_name[1:3:5]. H onueiwon aykiing (subscript) xpnOoLUOTOLEL E0WTE-
pLKd oviikelpeva slice.

OTOPYOLOUEVY UE 1TTLO TPOTO
‘Eva. ammopyowmpévo pe fmo tpomo API dev Oo mpémer va ypnolpwomoteitanl og véo kKmdka, oAl eivan
aopalég og o1 VITdpyovIa KwdLka va To xpnowpomotel. To API mapouéver texunplouévo Kot doxkio-
ouévo, ol dev Ba evioyvBei mepartépw.

H xotdpynon pe o tpodmo, o€ avtifeon te Ty Kavoviky Katapynon, dev oyedidlel Ty Katdpynon
Tov API xou dev 0o eKmTépITEL ELOOTTOLYOELS

Aeite PEP 387: Soft Deprecation.

181k uédodog
Mo pébodog mou kakeitan olwmnped oo v Python yio vo ekTeAEOEL (oL OLYKEKPLUEVT AELTOVPYIA O€
gvav tOmo, dmwg 1 Tpoodk. Tétoleg uéBodol £xouve ovopata Tov EEKLVOUV Kol TEAELMVOUV e SLTAEG
K&tm movkeg. Ou e1dLkég uéBodol TekunpLvovTal 0To 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 wag oovitog (éva «umhok» Kmdika). Mo pdtao eivol gite évag expression
gite wa oo wodhég douég ue o AEEN-KAewdi émwg i f, while 1) for.

EAEYKTIG OTATIKOV TUTOU
"Eva eEmtepikd epyaleio 6mov diafalel tov Python kdhduka Kat Tov avaliel, avalntovrag Tpofinuoto
omwg havbaouévol Tomol. BA. emtiong rype hints ko to module typing.

stdlib
An abbreviation of standard library.

strong reference
210 C API g Python, pua 1oyupn ovopopd eival e ovapopd 0g Vo AVIIKELIEVO TTOU AVIKEL OTOV
KOSk Tov meptéxer v avagopd. H woyvpn avagopd hopfdvetal kohoviag to Py INCREF () dtov
1 avopopd duovpyeitor Kou aehevdepmvetal (e Py DECREF () OTOV SLOYPAPEL 1] AVAPOPAL.
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H ouvaptnon Py_NewRef () Wropei vo xpnouorotn0el yia T dSnuovpyia Loyuphg avapopag oe Eva
avtikeipevo. Zuvnbwg, N ouvapton Py _DECREF () mpémel va KAAELTOL 0TV LoYVpy ovopopd pLy
ByeL amd o €VPOg TG LOYVPNG AVOPOPAGS, YL VO OTTOPEVYOEL 1] dLOPPON ULOG AVAPOPAGS.

B emtiong borrowed reference.

t-string
t-strings
String literals prefixed with t or T are commonly called «t-strings» which is short for template string literals.

KWOKOTOIN0N KENEVOU
Mo ovpBorooelpd otnv Python eivan o axohouvBio onueiwv kmdika Unicode (oto eVpog U+0000-
U+10FFFF). o va amobnkedoete 1 va UeTapépete (o ouiBorooelpd, Tpémel va oelplomobel mg
duadiki) axolovdia.

H oepromoinom pog ovpforooelpdc oe pua Suadikt| akorovdio eivol Yvwot mg «KmdLKomToinon» , Kat
1 avodnuovpyia g oupporooelpdc amd ™V duadiki akohovdia eival YvmoT Mg «amoKmdLKoIToi-

nomn».

Yrdpyel o wolkihian SLapopeTikg OELPLOTTOiN NG KELEVOU codecs, oL 0TToloL CUALOYLKG aVapEPOVTOL
WG «KMOLKOTOLNOELG KEWUEVOU».

OPYELD KEWWEVOU
'Eva. file object tkavd va. SLafBalel Ko voL YpApeL aviiKeipeva str. Zuyvd, Evo apyeio KELWEVOL AoKTA
TPAYUOTLKG TPOOBOoT 08 (o por) duadiky) por) dedouévmv Kal XELPILeToL autopata TV fext encoding.
Mapadelypato apyeimv KEWEVOD givat apyeio Tov avoiyouv o Aettovpyio kewévouv ("r' 1 "w'), sys.
stdin, sys.stdout, kot oTLYWOTUTO TOV 10. StringIO.

BA. emtiong binary file yio évo, OVTLKEIUEVO APYELOV e dUVATOTITA AVAYVWONG KAl YYPAPNG dvadikd
avuKelueva.

KOTAOTAO1] VIILOTOS
OL TANPOPOPIES TTOV (PN OLULOTTOLOVVTOL OTTO T PON) EKTENEONS THG CPython Yo TNV eKTELEDT) 08 EVOL VL
Aertovpykov ovotuortog. o mapdderypa, avtd mepthaufaver Ty tpéxovoa eEaipeon, edv vdpyeL,
Ko TV Katdotaon tov diepunvéa bytecode.

Kd&0e katdotaon viuatog eivar ouvaedeuévn pe éva ndvo viuo AELToupyLKoy CUOTHUATOS, AAMG T
viuato Wtopet va £xovv moAhég duabéaiueg Kotaotdoelg viuotos. To oy, pio amd avtég umopet vo
eivaw attached tovtoOypoOvaA.

Amauteitan éva attached thread state yuo Ty KXAon Tov peyolvtepov pépovg tov C API tng Python, ektog
€4V o oVVAPTNOT TEKUNPLOVETOL pNTA 0Ttd To avtifeto. O diepunvéag bytecode exteleitan povo vd
KATAOTOO CUVNUULEVOU VIILALTOG.

Kdé&0e katdotaon vipatog oviKeL o€ Evav wovo diepunvéa, alhd ka0 diepunvéo umopel va €xel ToAEG
KOTAOTAOELG VIUOTOG, CUUITEPIAALUBAVOUEVWY TTOAATAMV YLl TO {810 VIUa AELTOUPYLKOU GUOTHUOTOG,.
O Kotaotdoelg VIHaTog oo ToMaTAoUg diepunveig Wtopet va givor cuvoedeuévog ue To ido viua,
oG pdvo pie uwopeil va lvan attached o€ 0wTd TO VIO OE OTTOLAONTOTE HESOUEVY TTLYUT).

Aceite to Thread State and the Global Interpreter Lock yio mepiocdtepeg mhnpogopiec.

AekTIKO ovppolo (token)
M pukpn povada mnyaiov Kodika, tov mapdyetol amd tov lexical analyzer (yvwotd kou wg avalvts)
(tokenizer)). Ovouorta, aplOuol, CLHPBOLOOELPES, TELEOTEG OAMYEG YPOUUNG KOL TTOPOLOLOL OTOLYELN OIVaL-
mopiotavtol og Aektikd ovufoia (tokens).

To module t okenize ekBétel Tov heEukd avaluti g Python. To module t oken mepiéyel TAnpogopieg
Yol TOVG dLdpopoug THTTOVS AeKTIKAV GuuBOAmV (tokens).

ounPoAOCELPE TPUTAMY ELCAYWMYIKOV
Mo oupfoloceLpd OV SECUEVETOL OTTO TPELS TEPLITTAOOELG ELTE EVOG ELOAYMYLKOD (») 1| (WO 0TTOTTPO-
@ov (). Av Kat dev TapEYOUV KOUia AELTOVPYLKOTNTO oV deV eivar diadéoun pe ovupolooelpég (e
ROV ELOAYOYLKE, ELvOL YPTIOLUES YO LapOPOVg AOYOUGS. 20 ETLTPETOUV VO, CUMITTEPIAAPETE LOVE KoL
TG ELOOYWYLKA YWplg dLapuyn] 08 Lot CUUBOLOCELPG KOl LWITOPOVY VO, EKTELVOVTOL 08 TTOMES YPOLLL-
UEG YWPLS TN XPNON TOV YOPAKTHPA CUVEXELD, KOOLOTOVTOG T LOLALTEPO XPNOLUa KOTE TN oVvTaEn
eYYPAPV ue oupohooelpés.
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TOMOG
O timog evog Python avtkewwévou kabopiletr T eidovg avtikeipevo eivale KaOe avikeiuevo €xel évay
TU70. O TU7OG EVOG OVTIKEWEVOU EiVOL TTPOORAOLILOG WG TO YOPAKTNPLOTIKO _ class_ 1) WIopel va
avaktnOel pe type (obj).

type alias
"Evo. GUV@OVUUO Y10 £VaV TUTTO, TToV dMuovpyeitan pe v avafeon Timov og Vo avoryvwpLoTiKo.

Ta type aliases eival ypnowua yio v amhomoinon rype alias. Tio wapaderypa:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) —-> list[tuple[int, int,.
—int]]:
pass

UITopEl vaL YIveL Lo evavayvmoTo OTmg:

Color = tuplefint, int, int]

def remove_gray_shades(colors: list[Color]) —> list[Color]:
pass

B\. typing xouw PEP 484, mou mepuypdgper autiv Ty AeLtoupytkotnTa.

type hint
"Evag annotation mov KaBopilel Tov avapevouevo THITo yLo. (ol LETABANTY), £Va XopaKTNPLOTLKO KAGOoNG
1 WOl TTOPAUETPO CUVAPTNONG 1] TULY] ETLOTPOPNG.
O vitodei&elg TOmwv (type hints) eivar wpoarpetikég ko dev emBdilovtor omd v Python, adAd eivon
YPNOLWES YL static type checkers. Mmopovv emiong va fondnoouvv tovg IDEs pe t ovumipwon Kot thy
AvadLOUOPPWOT KMALKA.

YnodeiEeig tomov (type hints) yio KaBohké petafANTéS, YOPAKTNPLOTIKE KAAONG KOL GUVOPTN-
oelg , OMG Oyl ToTkég petafAnTég, WITopovV VA TPOOTEAACTOUV YPNOLUOTOLWVTAG TO typing.
get_type_hints ().

BML. typing kol PEP 484, mov meprypdgpel ovtiv v AELToupyLtkoOTTO.

Kofohkég véeg ypauués
"Evo TtpOmog epunveiag pomv KEWWEVOU 0TOV 0Ttolo OAa T akOAouOa avayvwpiloviol wg MEEL oG
ypauung: 1 ovpfaon téhovg ypauung tov Unix '\n', 1 ovufaon tov Windows '\r\n"', koL v ma-
M ovufoon Macintosh "\r'. Br. PEP 278 xou PEP 3116, xa0d¢ KoL bytes.splitlines () ywo
pdobeTy ypnHon.

annotation perafinuig
'Evag annotation pio. petaFANe 1 evog xopaKTpLotikoy KAGonG.

‘Otov annotating puo ETOBANTY 1) va xopakTnpLotikod KAdong, 1 avabeon eivol TpoatpeTikn:

class C:
field: 'annotation'

Ta annotations HETAPANTOV XPNOLUOTOLOVVTAL CUVHOWGS YLaL 1ype hints: Y10 TOPAdELYUo cuTh M LeTaPANTY
ovapuéveton vo AaPeL Tiuég int:

[count: int = 0 }

H ovvta&n annotation petaAntig meprypdpetal oty evoTnTo annassign.

BA. function annotation, PEP 484 xouw PEP 526, mov meprypdpouv avuty| ) Aertovpyia. Agite emiong
annotations-howto yia BENTLOTEG TPAKTIKEG OYETLKA UE TNV EPYOOLO LE OYOMACUOVG.

virtual environment
'Evo. ouvePYOTIKA OTtolovOUEVO TEPLBAALOV YPOVOU EKTELEDTG TTOV ETLTPETEL OTOVG YPNOTEG KOL TLG
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eqpapuoyég g Python va eykataomoouv kou vo avafaduicovv makéta diavoung Python ywpig va
sopeufaivouv ot ovumepLpopd AWV epapuoymv Python o ektehovviol 0to idto guoThua.

B\. emtiong venv.

virtual machine
"Evog vmohoyotiig opiletan €€ ohoxAfpov astd to hoyiouko. H eucoviky unyoavn tng Python extelei to
bytecode mov ekméumeTal amd Tov PETaYAwTTLOTH bytecode.

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 oyedlaotikdv apydv KoL QLAOCOQLOYV TTOV E(VOL XPNOLUES YLO. TNV KATOVONOoT KoL T x0T
™G YAdooog. O xatdhoyog wropet va Bpedel TAnKTpoloywvtag «import this» otnv dLadpaoTiky
KOVOOAQL.
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nAPAPTHMA B’

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 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

O uu KWOLKOTONTNG TEPLEYEL TV TOPAKATMD ELOOTOIMON:

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

Ot pwovddeg hashlib, posix koL ssl xpnotuomoovv v Bifrodfkn OpenSSL yio emuthéov amoddoon,
eqv dratiBevton amd to hettovpykd ovotnua. Emumhéov, ta mpoypduuota eykoatdotaong yio v Python yio
Windows ka macOS, evdéyeton vo mepthapfavovy éva avitypagpo tmv Bihobnkmv OpenSSL, emouévmg ov-
urephappdvovue éva avtiypogo g dderag OpenSSL edw. Ta tv £kdoon OpenSSL 3.0 ko yio vedtepeg
€KOO0ELS TTOV TTPOEPYOVTOL atd auTh, LoyveL 1) ddela Apache v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"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
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exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
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
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Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
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
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with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

r.3.13 expat

H enéxtaon pyexpat MUOUPYELTOL XPNOLUOTOLMVTAS £VO CUUWTEPINOUBOVOUEVO OVTLYPAPO TV TIYMV
expat, eKtOg Qv 1) €kdoom £xeL Ty 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
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the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

r.3.14 libffi

H enéxtaon g C _ctypes mov PBpioketor KATW 0O TNV €VOTNTO ctypes dNUWOUPYELTOL XPNOLUO-
oLdvTog €va ovumepthappavouevo avtiypago twv mnyov 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 p1oLLOTOLMVTAS EVO CUUTEPLAAUBAVOUEVOL avTiypapo TV Tnyov zlib,
eqv 1 €xd00m Tov zlib tov BpiokeTol 6To CVOTNUO ELVOL TTOA) TTOALA YLOL VAL X PN OLULOTTOLNOEL YL TNV KATOOKEVY):

N

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:
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1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

M.3.16 cfuhash

H vhomoinon tov mivako KatoKepUoTLopnoy Tov ¥ pNnoLuomoLeital amd 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.
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M.3.17 libmpdec

H enéxtaon _decimal mov Bpioketor KGtw omd v evotnta decimal €lvol QTIOYUEVY YPVOLUOTOLD-
vtag éva ovumepthapufavopevo avtiypogo g PprodNkng libmpdec, extdg av 1 €kdoon €xer pubuLom
—--with-system-1libmpdec

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. 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.

M.3.18 W3C C14N oouita doKLHiQ

H covita dokuung C14N 2.0 oto makéto test (Lib/test/xmltestdata/cl14n-20/) avokmOnke amd
tov Lotdtomo tov W3C https://www.w3.org/TR/xml-c14n2-testcases/ Kot dtovépetar pue v ddewa 3 pitpov
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,
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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.3.19 mimalloc
MIT Adero.:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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 .

M.3.20 asyncio

Mépn g evOTNTOG asyncio evoouatmvovtat amd to uvloop 0.16, 1) omola dravéuetan pe adera 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
(ouvéyela oty eV oehida)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

M.3.21 KaBoAikeég AntepLopioteg AKoAouBieg (KAA)

To apyeio Python/gsbr. c givol Tpocapuoouévo atd 1o GVOTNUO AopPAroVg ovaKTnong wnung «Global
Unbounded Sequences» tou FreeBSD, tov vhomoteitor oto subr_smr.c. To apyeio diavéueton vmd v Adela
2-Clause BSD:

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.

M.3.22 Aecpeuoelg Zstandard

O deopevioelg Zstandard ota Modules/_zstd kow Lib/compression/zstd facifoviol o KOdLKo od
™ BLproOkn pyzstd library, mvevpotikng woktnotoag Tov Ma Lin xow tov ouvepyotdv tov. O K®dLKaG TG
pyzstd dravéuetan vird v ddeta 3-Clause BSD.

Copyright (c) 2020-present, Ma Lin and contributors.
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.
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3. Neither the name of the copyright holder 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 HOLDER 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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H Python ko vt 1) Tekunpiwon eivod:

Copyright © 2001 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.
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