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#define PY_SSIZE_T_CLEAN
#include <Python.h>

XERE AL FFRESL S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERAH).
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Python 3k SCHFHRUE LT — 284 HIY % 1T 2 R AE S E A9 F i3 Iy s SCRY (Bl 40 py_RETURN_NONE),
A g3 Y 0 SO L. X LB R R AN R — S A 3R

Py_UNREACHABLE ()
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Py_ABS (x)

R[] x 2 .
3.3 BRI HE.

Py_MIN (X, y)
R = Fly M s/ ME

3.3 B .

Py MAX(X,y)

SR I LU iUEC SN
3.3 B fE.

Py_STRINGIFY (x)
B ox Fedtoky C E45E . Bl Py_STRINGIFY (123) &[] "123",

3.4 FiIRE.

Py_MEMBER_SIZE (type, member)
R Z5H) (type) member HIR/N, PAFITER,
3.6 HIIHE.

Py_CHARMASK (c)

SR [-128, 127] B [0, 255] JE I A AP el B8R AL . XA ¢ SR fil%40 4 unsigned
char &1,
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Py_GETENV (s)
5 getenv(s) XM, HEMBEGLSIT L@ T -E , Wik E ~uLn (W RKET

Py_IgnoreEnvironmentFlag ).

Py_UNUSED (arg)
AT RBEX T REAOSE, MNINERHFSELE. Fl: int func(int a, int
Py_UNUSED (b)) { return a; } .
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Py_DEPRECATED (version)
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Py_DEPRECATED (3.8) PyAPI_FUNC (int) Py_OldFunction (void);
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PyDoc_STRVAR (name, Str)
g%§~4\ﬂu?§ﬂé’$ﬁ$ TR, 2558 name [AS & . WIERASFISCRY A4 R — &2 14 2 Python,
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Python,
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PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");

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

}

PyDoc_STR (str)
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static PyMethodDef pysglite_row_methods[] = {
{"keys", (PyCFunction)pysqglite_row_keys, METH_NOARGS,
PyDoc_STR("Returns the keys of the row.")},
{NULL, NULL}
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1.4.1 S|V
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The reference count behavior of functions in the Python/C API is best explained in terms of ownership of references.
Ownership pertains to references, never to objects (objects are not owned: they are always shared). ”"Owning a
reference” means being responsible for calling Py_ DECREEF on it when the reference is no longer needed. Ownership
can also be transferred, meaning that the code that receives ownership of the reference then becomes responsible for
eventually decref’ing it by calling Py DECREF () or Py_XDECREEF () when it’s no longer needed---or passing on
this responsibility (usually to its caller). When a function passes ownership of a reference on to its caller, the caller is
said to receive a new reference. When no ownership is transferred, the caller is said to borrow the reference. Nothing
needs to be done for a borrowed reference.

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

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

PyObject *t;

’

t = PyTuple_New (3)
, 0, PyLong_FromLong(1L));
’
r

PyTuple_SetItem
PyTuple_SetItem
PyTuple_SetItem

1, PyLong_FromLong (2L));

(3
(t
(t
(t, 2, PyUnicode_FromString("three"));

Here, PyLong FromLong () returns a new reference which is immediately stolen by PyTuple SetItem().
When you want to keep using an object although the reference to it will be stolen, use Py_ TNCREF () to grab another

6 Chapter 1. i
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reference before calling the reference-stealing function.

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

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

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

PyObject *tuple, *list;

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

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

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

Py_ssize_t i, n;

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

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

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

return 0O;

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

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

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

long
sum_list (PyObject *1list)

Q)

14. K. RBMS| At 7
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Py_ssize_t i, n;
long total = 0, value;
PyObject *item;

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

return total;

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

for (i = 0; 1 < n; 1i++) {
item = PySequence_GetItem(sequence, 1i);
if (item == NULL)

return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {

value = PyLong_AsLong (item) ;

Py_DECREF (item) ;

if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;

total += wvalue;

}
else {

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

}

return total;

8 Chapter 1. i
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1.4.2 %5

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

1.5 %

Python #2 7 i U 75 BEAL FRURF E 77 SAL PRE A iR e 55 RAEBRAY o & A S s i 3, SRSB4y
BRI, RIS, ERAIRIATHA RS . FEAR RN TR A4 P AR )

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

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

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

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

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

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

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

IR W N BRSO C AR :
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int

incr_item (PyObject *dict, PyObject *key)

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item);

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

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

10 Chapter 1. i
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1.6 #& A Python

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

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

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

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

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

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

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

1.7 RidHaE

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

A full list of the various types of debugging builds is in the file Misc/SpecialBuilds. txt in the Python source
distribution. Builds are available that support tracing of reference counts, debugging the memory allocator, or low-
level profiling of the main interpreter loop. Only the most frequently-used builds will be described in the remainder
of this section.

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

B T AIE AT T RORZ AL, eI T A T B M A -
o BUOMEALRFUS N E X 0 Bl -
WO ERFAS N AT AR R 2 A
o A N S [ 4 AU 1] R SRR AR TR B
s FZWE YIRS MB IR G LI F . Jioh, RAEMNRAUE test_c_api () ks
o ININE A SR e B A A B HE SR B
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Defining Py_TRACE_REF'S enables reference tracing. When defined, a circular doubly linked list of active objects
is maintained by adding two extra fields to every PyObject. Total allocations are tracked as well. Upon exit,
all existing references are printed. (In interactive mode this happens after every statement run by the interpreter.)
Implied by Py_DEBUG.

A REZEAEE, W25 Python JFALH ) Misc/SpecialBuilds. txt .
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CHAPTER 3

The Very High Level Layer

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

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

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

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

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

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

3.8 BRI HE.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

set to NULL.

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

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

17
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PyObject* Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. This is a simplified interface to Py_CompileStringFlags () below, leaving
flags set to NULL.

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

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

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

3.4 BRI HE.

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

3.2 BRI HE.

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

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

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

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

PyObject* PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. This is the main, unvarnished function of Python interpretation. The code object
associated with the execution frame f is executed, interpreting bytecode and executing calls as needed. The
additional throwflag parameter can mostly be ignored - if true, then it causes an exception to immediately be
thrown; this is used for the throw () methods of generator objects.

1 3.4 BCEHC R EPHE & — MRS, AR ORA S 2 585 3 e
int PyEval_MergeCompilerF1lags (PyCompilerFlags *cf)

This function changes the flags of the current evaluation frame, and returns true on success, false on failure.
int Py_eval_input

The start symbol from the Python grammar for isolated expressions; for use with Py CompileString().
int Py_file_input

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

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

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

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

int cf_flags
Compiler flags.

int cf_feature_version
¢f _feature_version is the minor Python version. It should be initialized to PY_MINOR_VERSTION.

The field is ignored by default, it is used if and only if PyCF_ONLY_AST flag is set in ¢f_flags.
JE 3.8 R Added cf_feature_version field.

int CO_FUTURE_DIVISION
This bit can be set in flags to cause division operator / to be interpreted as "true division” according to PEP
238.
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51 AT

AT LA 5 T4 2 Python XF 415 AL
void Py_ INCREF (PyObject *0)
S5 0BG TTEL. X GU BN NULL; AIRARANH & B AN NULL, "I Py_XINCREEF () .
void Py_XINCREF (PyObject *0)
HEMAR o 51 TR XFZAT AN NULL, R OL N IR AT ROR .
void Py_DECREF (PyObject *0)
XS o 5] TR XTRUBUR R NULL; QAR BN A NULL, A Py_XDECREF ()
MRS TR R, 5 AT X G T @ B REOR 4L (B AAS A NULL).

Bl R R BT S EUL L Python (UM GEIAN (I — DA __del O JyiARIZEsE
BIRTRE RN 2 ML) o AR MRS H ) S WA LR, B AT R (TS RERS B iy i T
Python 4528 & o X T BRFE AT A Al o 4 Jmy 2 B ARBUW X RAE P y_DECREEF () AR ) 2 Wil
BN AT SR RIS o BIAN, AN —AF) 3 o I 0k SR ) AR 7 24 6 U oo R B9 5 9 L 31—
A AR R, B RBARETH, AR RN AL SRR Py_DECREF () .

void Py_XDECREF (PyObject *o)
WP o BTG XFTRATPAH NULL, FERCREOL & E AP AT RO FE AR ol Hsk
WRY5py DECREF () M, oW A RFEES.

void Py_ CLEAR (PyObject *0)
WD XTSE o BB TS X AT DA NULL, ZESUTE O N EAT AT RO AE M ol =l
REPy DECREF () #[F], RHFETHSEW YN NULL, £XPy_DECREF () (&N
T HHEBRRIRT S, A7 S oM — NI B AR S AR D He g | R BRFS40% A NULL,
o 214 el DA E AR [ 3Y 6] BT g 2> i D R e g g, %S RN R,

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

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

PA R BR BB AN W] 7E R RE g8 0 W AR F: _Py_Dealloc (), _Py_ForgetReference(),
_Py_NewReference () PANERASHE Py _RefTotal.
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FELE

AREE IR I R B AR AL BEAN il & Python 8. T fi#—4% Python 3 A BRI AN 2R ELM. B
) AR A fifg POSIX ) errno A8k (FANEAE) A RiERt Rl &R, Kz
B C API pREUR S AE I LT, (HATE R BEE TR R R R . 240 C AP pR AR 1]
—AERIERER . WERTAINVAZR B840, @R E NULL, 05 R ANEE, R [E] -1 (4
PyArg_* () HREUR IR IRIE] 1 1 2 IR [E] 0).

ELRHIDE, RGN IR A SR, RO, RIS 5. G R Rk
', ﬁ%%ﬁ%ﬁ%ﬁﬂu% NULL (RS2 at kg, fln, WiRRadale NuLn, RAEER 1k
NULL A9 [5]3 )

DR B T E R B R BRI AL R W, Tl A SR EA R A BT RIS e
ZWETE. MERITACIERIERR, SER A A YRR B (X 58 s fE9>
FC)o ARAMERSAL ISR, W * R * WAz IEFAkst. AR T —DMEUGRIE, 82— & 2w %
RUCAWE 7. AR RECA SR AR SNV, X Python/C APT f HE ] T W] e A & A i)
WAT I HATRE S PASER AL 7 SR I

WA SR RE AL sys.exc_info () BIRATER . BN BRI 2 (CRFereEfes), m
JEEAEPR R G REEAFE (R ORIk %) .

5.1 ITEFO;HIE

void PyErr_Clear ()
TH AR A . WA W E R IRE Ry, WARSHIER.

void PyErr_PrintEx (int set_sys_last_vars)
FEPRUERTATEN ] sys . stderr HIHRRAERIERAS . BRIFM1E SystemExit, EXMIFL T AL
FTENIIERE, H<xiRi Python #2, H IR SystemExit SEHIHEE MH RS .
HAATER BRI B A TFZE X R, 5 W5 2 30 1R !
m B set_sys_last vars A E, M| AF B sys.last_type, sys.last_value I sys.
last_traceback FF4rJIBCE AT EI R 2EAL, (EANE] 8 o

void PyErr_ Print ()
PyErr_PrintEx (1) M54
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void PyErr_WriteUnraisable (PyObject *obj)
15 1 24 B S5 F obj 2808 sys.unraisablehook () .

MIE T E, (BB RESC PRl A S, XS ) sys . stderr FTEI—ME G
FEe B, M __del () JIAH AL E I BREL

R A A ZH ol BATIA RS EARIR R AEA Rl A i TR S0 WPRATRE, obj HARA
FETETEE SRR

A JH L PR O L TR B S

5.2 it H=

XL R HOT R DR RCE S R R AR R B R AR Ry . A T R I, — LS R B IR 2R A NULL $8EE, DAE
T return ifm].

void PyErr_SetString (PyObject *type, const char *message)
X W BB RERGRE NN F— PSR ERERE, ClERERTEL—, eg
PyExc_RuntimeError. fRAFEMEMIIMITE. B - efRELR, EMEA
'utf-8"',

void PyErr_SetObject (PyObject *type, PyObject *value)
WM T PyErr_SetsString (), HRAFHRNFHEN A7 H5EEE—1 Python Xf4.

PyObject* PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. XA~ pREUBCE T — D8 DAY H5 £ 9F HaR [l 7”NULL”. “exception” J
24 J& — > python 1 53 5 J&. The “format” 11 J 1 2 FCHE Bl 4% 304G XA 85 2 9 45 5. A A1)
5PyUnicode FromFormat () A &EFFEIRE XML . “format” J2—14~ ASCII 4gh 1) #4548

PyObject* PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. flPyErr Format () #[E], (HE#EZ—4 va_list BHWSET A
AR S .

3.5 B fE.

void PyErr_SetNone (PyObject *type)
X PyErr_SetObject (type, Py_None) HfHE.,

int PyErr_BadArgument ()
X4E PyErr_SetString (PyExc_TypeError, message) HIfRiE, HH message 15 H & T3k
ESEORH N EBAE. BEEH TN .

PyObject* PyErr_NoMemory ()
Return value: Always NULL. X /& PyErr_SetNone (PyExc_MemoryError) fi5; TiR[F NULL
, DAY NAEREIR T, X R TELRET PAS return PyErr_NoMemory () ; o

PyObject* PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. 3% 2N R EE, Y4 C EREGR M 4RI E errno B, XA EREL
SR T . BHE- AT dX g, HE T2 8 HE errno, 5 UMM AEREE (A
strerror () $KEL), SR/5EM PyErr_SetObject (type, object). £ Unix |, X4 errnoff
se EINTR , HIFFIR) RGER A I, ARSI PyEre CheckSignals (), WRBCE T HER
fendn, MR E NIZE . ZRBOUKIEIR E] NULL , RIS REUH R IR, B2 R 500
MR IR LS % return PyErr_SetFromErrno (type) ;.

PyObject* PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameOb-
Jject)
Return value: Always NULL. Z5{)|T-PyErr SetFromErrno () , MtINMIAT N2 UR filenameObject
AN NULL , ERAERE =S AL ELE ype KGR 8. 2540611, fE OSError RHE T,
filenameObject ¥4 3 7€ X 745521 £1lename JEIE.
PyObject* PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameOb-

Ject, PyObject *filenameObject2)
Return value: Always NULL. 25Dl T PyErr SetFromErrnoWithFilenameObject () , {HEZH
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TANSUEAR G, T NI SO B RR RO kA R
3.4 BN RE.

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. 22/ FPyErr_SetFromErrnoWithFilenameObject () , {H filename

PACFRFRIER G o filename 72 NI R Gi4iED (os. £sdecode () RS HIARMT.

PyObject* PyErr_SetFromWindowsErr (int ierr)
Return value: Always NULL. iX 52 fil )% WindowsError [ 7 fE M KA. WS lerr 2 0, N2k
A B GetLastError () & [H A4 iR, BE1EH Win32 K%l FormatMessage () K4
F ierr B GetLastError () 4@ M4 RIS K Windows ik, RJEHE—AJeHRX 5,
85— T2 derr {H, RN IRMEE (M FormatMessage () $KHU) , K51
PyErr_SetObject (PyExc_WindowsError, object) . ZHREUKILIRFA] NULL ,

u] F 4 Windows .,
PyObject* PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value: Always NULL. 25{)| T PyErr SetFromWindowsErr () , FAMNIS S & B fh k& 1 7
A S
RAL,
B] H 4 Windows .,
PyObject* PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value: Always NULL. Z5{))F PyErr_SetFromWindowsErrWithFilenameObject () , {H

£ filename 2 DA C FFFREIERL M. filename BN XA RG9S (os.fsdecode () ) RIS H Sk
1 o
B] H 4 Windows .,
PyObject* PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, Py-
Object *filename)
Return value: Always NULL. Z3{D)F PyErr_SetFromWindowsErrWithFilenameObject () , 4
SNSRI B A ) i R A
B] H M Windows .,
PyObject* PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr,
PyObject *filename, PyOb-
Ject *filename2)

Return value: Always NULL. 25\ FPyErr SetExcFromWindowsErriWithFilenameObject () ,
{H2 455255 — > filename %4

B] H M Windows .,
3.4 B Tge.

PyObject* PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const
char *filename)
Return value: Always NULL. Z5{Dl FPyErr_ SetFromWindowsErrWithFilename () , #i4NEE35

SEEM R S SR AL
B] F M Windows .,
PyObject* PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. X 2filtk ImportError HIfEEERE. msg KW N BEIE BT
name Fl path , (FFATDASKH NULL ), ¥ H SR8 E ImportError XN F¥JEM name fl path.
3.3 FrihfE.
void PyErr_ SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
VA AT F RS, FTR AR R . AR M R E A2 syntaxError , WEREHIMNYETE,
@ﬁﬁé’TEﬂ‘jﬁ%?w)\jﬂﬁ”%% SyntaxError,

3.4 B RE.

52. hHB&E 25



The Python/C API, % 3.8.13

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
YpyErr SyntaxLocationObject () ), R filename 2 M AT 25 4l (os . £sdecode ()
) RIS AT AR

3.2 B fE.

void PyErr_SyntaxLocation (const char *filename, int lineno)
SPyErr SyntaxLocationEx () 28, {HEWE T S%L col_offset,

void PyErr_BadInternalCall ()
XJ& PyErr_SetString (PyExc_SystemError, message) W4EE, H message FRHH T
IRESEOH A NEERAE (B0, Python/C APT pR%k) . & 2T NEREEA .

5.3

A
=

XL AT AM C ARG 2 4. BT BT iy Python #ibk warnings AU RREL. B 0738 % 14
sys.stderr 1Tl — 555 0 2408, P WA BEC &4 @ &S R, TEXMIEL T, BN
fil e et . AT AT BB TS LA R B, (AR B A . AR B A e, aRWMECN 0 5 W
Hfih e e, RPMESY -1, (JCIEWE R A LT TESEE, WIREE WA n R E . X2
ENZ ). MR T R, B N TIE R R AL (PIAN, Py DECREF () A5 IR M—
ANEEDRAE) -
int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
K —NEEAE R . B8 category J2—NEAEIEH (MLFTE) 8 NULL ;5 message j&—4> UTF-8 4
W7 o stack_level Jg— 45 AR MUECE R IERL R AZ AR TP 24 BT IEAE AT ACRS AT &
stack_level 5 1 W)@V PyErer warnkx () WKL, 2 R7EMZ BRREL, DA

ALK B PyExc_Warning 72K, PyExc_Warning 42 PyExc_Exception [12%; Bt
N G/E PyExc_RuntimeWarning . FRifE Python 52511 A& /RAs BT, i HA4FR
WAREEE K

A REEERNEE, SIS warnings Mar Q17 3CR P —w 0. #0f T 55
C API,

PyObject* PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)
Return value: Always NULL. f1PyErr SetImportError () I, HEXDEE AR E—1
ImportError T2 Ml % .

3.6 HIfE.

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

3.4 B fE.

int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno,
const char *module, PyObject *registry)
Similarto PyErr _WarnExplicitObject () except that message and module are UTF-8 encoded strings,
and filename is decoded from the filesystem encoding (os . fsdecode () ).

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Function similar to PyErr_WarnEx (), but use PyUnicode_FromFormat () to format the warning
message. format is an ASCII-encoded string.

3.2 BRI HE.

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

5.4 EifEIRIERE

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

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

int PyErr_ExceptionMatches (PyObject *exc)
Equivalent to PyErr_GivenExceptionMatches (PyErr_Occurred (), exc). This should only
be called when an exception is actually set; a memory access violation will occur if no exception has been
raised.

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

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

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

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

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

PyErr_Restore (type, value, traceback);

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

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

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

T#f#: This function does not implicitly set the __traceback___ attribute on the exception value. If setting
the traceback appropriately is desired, the following additional snippet is needed:

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

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

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

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

3.3 HTge.

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)

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

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

3.3 BRI HE.

5.5 554hE

int PyErr_CheckSignals ()

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

void PyErr_SetInterrupt ()

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

SR Python WA 4P signal . SIGINT CKFEiX N signal.SIG_DFL B signal.SIG_IGN), It
BRI BRI A 2

int PySignal_SetWakeupFd (int fd)

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

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

28
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16 3.5 U A Windows I, LB AR SRR B Ab T
5.6 RE®R

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

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

PyObject* PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyOb-
Ject *dict)
Return value: New reference. flPyErr NewException () —F&, & T ] DABFARMAS Fiid i 2—A>
SRR SR doc JEMEARES, BRI R SR A AT ER

3.2 BihsfE

5.7 FEMR

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

int PyException_SetTraceback (PyObject *ex, PyObject *tb)

RS RIRA I BCE N b o (] “Py_None“VEIRE

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

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

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

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

__suppress_context___is implicitly set to True by this function.
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5.8 Unicode S E &

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

PyObject* PyUnicodeDecodeError_Create (const char *encoding, const char *object,
Py_ssize_t length, Py_ssize_t start, Py_ssize_t end,

const char *reason) ] ]
Return value: New reference. Create a UnicodeDecodeError object with the attributes encoding, object,

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

PyObject* PyUnicodeEncodeError_Create (const char *encoding, const Py UNICODE *object,
Py_ssize_t length, Py_ssize_t start, Py_ssize_t end,

const char *reason)
Return value: New reference. Create a UnicodeEncodeError object with the attributes encoding, object,

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

33 G E B 3.11

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

PyObject* PyUnicodeTranslateError_Create (const Py_UNICODE *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *rea-

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

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

33 RUECE R 3.11

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

PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. 12 [B 45 & S ST 4 1) encoding JE1k

PyObject* PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. 1% 0|25 7€ i X 2L/ object &1k

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
Get the start attribute of the given exception object and place it into *start. start must not be NULL. Return 0
on success, —1 on failure.

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

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)
Get the end attribute of the given exception object and place it into *end. end must not be NULL. Return 0 on
success, —1 on failure.

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)
Set the end attribute of the given exception object to end. Return 0 on success, —1 on failure.

PyObject* PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetReason (PyObject *exc)
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PyObject* PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. 1R [R| 25 € S5 ST 4 1) reason JE1k

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

5.9 BT

These two functions provide a way to perform safe recursive calls at the C level, both in the core and in extension
modules. They are needed if the recursive code does not necessarily invoke Python code (which tracks its recursion
depth automatically).

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

AR LT USE_STACKCHECK, BULH¥I&fiflPyos_cCheckStack () A E#IERGHEMR 5
e FEXFMEL T, BREE 4 MemoryError iR [[IEZ(H.

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

where should be astringsuchas " in instance check™" tobe concatenated to the RecursionError
message caused by the recursion depth limit.

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

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

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

If the object has already been processed, the function returns a positive integer. In that case the tp_repr
implementation should return a string object indicating a cycle. As examples, dict objectsreturn { . . . } and
list objectsreturn [...].

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

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

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

510 IRERE

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

C &k Python Z#R EX s

PyExc_BaseException BaseException €))

PyExc_Exception Exception Q)
TT4Rs:
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R1-ZIW

C &R

Python &#R

TR

PyExc_ArithmeticError ArithmeticError @))
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError

PyExc_ChildProcessError

ChildProcessError

PyExc_ConnectionAbortedError

ConnectionAbortedError

PyExc_ConnectionError

ConnectionError

PyExc_ConnectionRefusedError

ConnectionRefusedError

PyExc_ConnectionResetError

ConnectionResetError

PyExc_EOFError

EOFError

PyExc_FileExistsError

FileExistsError

PyExc_FileNotFoundError

FileNotFoundError

PyExc_FloatingPointError

FloatingPointError

PyExc_GeneratorExit GeneratorExit
PyExc_ImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError (1)
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError

PyExc_NotADirectoryError

NotADirectoryError

PyExc_NotImplementedError

NotImplementedError

PyExc_OSError

OSError

@

PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError 2)
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration StopAsyncIteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError

PyExc_UnboundLocalError

UnboundLocalError

PyExc_UnicodeDecodeError

UnicodeDecodeError

PyExc_UnicodeEncodeError

UnicodeEncodeError

PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateError UnicodeTranslateError
PyExc_ValueError ValueError

PyExc_ZeroDivisionError

ZeroDivisionError

33 0 W U fE

PyExc_BlockingIOError,

PyExc_BrokenPipeError,

PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
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PyExc_ConnectionRefusedError, PyExc_ConnectionResetError,
PyExc_FileExistsError, PyExc_FileNotFoundError, PyExc_InterruptedError,
PyExc_IsADirectoryError, PyExc_NotADirectoryError, PyExc_PermissionError,

PyExc_ProcessLookupError and PyExc_TimeoutError MMZEHUTT PEP 3151.
3.5 PR IBE: PyExc_StopAsyncIteration il PyExc_RecursionError.
3.6 FRINEE: PyExc_ModuleNotFoundError

XL R4 PyExc_OSError:

C &% R
PyExc_EnvironmentError
PyExc_IOError

PyExc_WindowsError 3)

A 3.3 R 33 | 47 v 8 B ) S 2R
R
(1) X HE H A BRE R R 2 .

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

5.11 FREEE LS

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

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

3.2 FiRIBE: PyExc_ResourceWarning
HEE
(1) X2 HA bR IR R
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6.1 RIERFHER

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

3.6 BRI HE.

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

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

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

3.7 B RE.

void PyOS_AfterFork_Parent ()
Function to update some internal state after a process fork. This should be called from the parent process after
calling fork () or any similar function that clones the current process, regardless of whether process cloning
was successful. Only available on systems where fork () is defined.
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s The C fork () call should only be made from the “main” thread (of the “main” interpreter). The
same is true for PyOS_AfterFork_Parent ().

3.7 B RE.

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

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

3.7 iR EE.
S

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

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

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

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

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

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

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

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

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

¢ the current locale encoding.

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

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

The PyUnicode_DecodeFSDefaultAndSize () and PyUnicode_DecodeLocaleAndSize ()
functions.

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

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

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

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

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

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

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

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

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

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

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

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

6.2 ZGiThAEE

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

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

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

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

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

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

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

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

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

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

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

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

3.2 BRI RE.

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

3.2 B .

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

3.2 B fE.

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

3.2 B fE.

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

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

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

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

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

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

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

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

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

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

6.3 TR

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

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

JE 3.6 iR Y : Errors from finalization no longer ignored.

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

PyObject* PyImport_ImportModule (const char *name)

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

R X BR AR A

PyObject* PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Z KB Py Import_ImportModule () HI—THiiRFHHI M4 .

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

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

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

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

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

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

3.3 B fE.

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

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

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

ZRAUE R B R AR T

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

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

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

3.3 B fE.

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

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

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

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

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

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

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

Seealso Py Import_ExecCodeModuleEx () and Py Import_ExecCodeModulelWithPathnames ().

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

é%ﬂPyImport_ExecCodeModuleWi thPathnames (),

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

3.3 BRI HE.

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

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

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

3.2 BRI HE.

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

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

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

3.2 BRI HE.

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

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

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

3.7 B fE.

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

void _PyImport_Init ()
Initialize the import mechanism. For internal use only.

void PyImport_Cleanup ()
Empty the module table. For internal use only.

void _PyImport_Fini ()
Finalize the import mechanism. For internal use only.

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

3.3 FrhR e
TE 3.4 iR PR The ___file_ _ attribute is no longer set on the module.

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

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

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

bi

const struct _frozen* PyImport_FrozenModules
AREHRIIR L AR 1] struct _frozen (41, DA NULL B O fEONSEHARIC. 24— UREGHR
PEFA, HAREAEREARTER =T PALABOR S Bt Eh S B A RS A

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

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

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

bi

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

6.5 #i#E marshal 2

XLEIRE AV C AU AL LS marshal B A R B I PO G o oA L8 s B50nT R4
W5 ARX AP FIIAE R, 55— e BN AT R BEEBO IR Bt 1 T47i# marshal Bl i) SCHFL25 LA —0E
HEATIT -

RO EAEAT I SR doe R A2 7 AT AT Sk o

IO S R A ECEAS A - 58 O O DT S iRAR, 55 1 BUAS 272 SCH4F marshal [z 7314k H 3L 52 @A)
?gi )%ZHﬁZIS%XaW%MZ&ﬁH% HEilkg . Py_MARSHAL_VERSTION $§H T 4 Fi SC A p4%0 (24 7)
B K 2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
A Long BH value DA marshal 5 E A file. X4 H 5 A value A% 32 fi7; TLIEAHL Long
KRR EEAI T . version B SCIEAE I HRCAS

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
}¢—A~ Python X4 value P\ marshal #£25 A file. version 5 SCAAE 2 A .

PyObject* PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. 1 [W]—A~05 value 1) marshal R B FETTEERT S . version $5H] 30
M HRRAS <

PATR BB R VRSO S A7 il marshal #5XR1E
long PyMarshal_ReadLongFromFile (FILE *file)

MFTIF T EEBUR FILE* B R AR Bl —4> C Long. M A sBCA RS 32 fif9fE, Toit
AL Long KAAK LN AT,

KA, R S 4 R (EOFError) HaRH ~1,

int PyMarshal_ReadShortFromFile (FILE *file)
MITFHH T U FILE* B AR B4 C short . fff F ICeR A REISEH 16 (7 {E, Toit
AL short KR SE R AT

KA RN, B EE 1) A (EOFError) k[l -1,

PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. MFT I T E2HUHY FILE* AYXT R EUHE 7% [7]—~ Python X4 .

KAFERE, R EE S R (EOFError, ValueError B TypeError) ik [F] NULL,
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PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. N\FT T T 5B FILE* 1% B0 i 1% [B]l — 4~ Python X} 4. AIA]
FPyMarshal_ ReadObjectFromFile (), HWEREIREFABFMIZ CAHEECE 20005, i
FE SRR AR b E A A, DA S 21 AL A2 v] DATE P A7 P B 80H b B T AN 2 B U M SC s
BT A 4R 0 AN 2 FEA S U ] N 28 mT A B X

KA R, BIREE 4R (EOFError, ValueError B TypeError) iR 5] NULL,

PyObject* PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. M35 1) data ) len /577 ) 57 37 28 v X 6F Y. A 3038 37 % [8] — 4>
Python Xf4: .

KA RE), IR EE 4R (EOFError, ValueError B TypeError) JfiR 5] NULL,

6.6 BITSHHLBELE

TR H C Y R BRI AR, XS Bo2 A . HEREEAFEG] I extending-index .
X R B AR W aT = A4, PyArg ParseTuple (), PyArg ParseTupleAndKeywords (), DA

JepyArg_Parse (), BTN 16 X105 45 B R o8 B0 7 ) S B0l 00 ek B, 30 28 b AT 60 A
)AL A A T4 R

6.6.1 BEITS#

— TR 0 lEE AT, —MRUERICHIRNA A Python X5 EillH 21
TR SRRSO BT AEBISN, — AR S 51 B R X BRI BN Y X 48 R A
WEA B SR FERE PRI T, NG5 N RBAGEARAIT; BES O Rt X 4>
R Python XFG2EAY; J5fhS [1 WAYZ LY C A2 (R REE) KA

FHBNZFX

K BEAE AV REXT G 4% B S N AFHOE - T 1) o VR O B4 A ] () unicode “FAF B #7717 X Y
IR R A%

— M, B DERBKEE —NREHE R — DX, XAl XA DAREAH ) Python X R4 HE, I
Hix A g2 o KA R AR I . AR TR BN REBUTEAT NAEAS ] PR TIXLE es, es#, et and
et#.

RN, Y—Apy_buffer S5MBIRME, HAER o KGBUE, BrUATE & LR S (XA Geop X, Al
(ifEPy_BEGIN_ALLOW_THREADS HRA, T DAkl b ] AL B PRk Yol BE A/ NaR i B S8 Bl SR ) XU
B, AR W PyButfer Release () AEARGEAUEAE R AL BRI (85 7E 2 BALAT T )

BRAER AU, S K EASAS AR .

K st Ak 50 FF B B Wbytes-like object, I U B BF A K& 2 o X g5 kg A AT o A A X 4R
WPyBufferProcs.bf_releasebuffer FERf A NULL R AVEIER , ZFERA RN bytearray
XFER ARG

R e # R (s#, v#, %), KIESHIIZEA (B Py_ssize_t) 7EH{ Python.
h L2 Bl PY_SSIZE_T_CLEAN & X4E . RN EE X, KEZ A Py_ssize_t
Python JTR/NEABIMIA 4> int AL, FEARRA Python A HRF &2, HHF Py_ssize_t MK
FEH int B, HIF—HE X PY_SSIZE_T_CLEAN X%,

s (str) [const char *] Kf—> Unicode X} G54 ill— A8 M A7 1) C 485, — N84 m— 0847
TEWTFATER . XA IR 2B M FAFIRET A . C PR 2 E S 4R, Python FAFHIAR
RE LA R A IO RIS A Wk H, —4> ValueError B# &5 % . Unicode X 4 4 4% b ik,
rut £-8' FALH) C FAFE . AR, — UnicodeError BHEPHI K.
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M X NFB KRB Zbytes-like objects, NFARFEIEZ XM RGBT R E MK C FR7H,
B os #iEABL G PyUnicode _FSConverter () BN 3#4LR40.

TE 3.5 S AR, 4 Python 4 sl E Tk ARY null RS &5 % TypeError .

s* (str or bytes-like object) [Py_buffer] iX P35 IEH:5% Unicode ¥4 2 R4 A4 . B HAH
WHESEN Py _buffer Z5MIRME. XHEE5RM C ERFR TR & A NUL 5275, Unicode Xif
ZiEit rut£-8" GALFEILAL C FAFE .

s# (str, Hifbytes-like object) [const char *, int or Py_ssize_t] 4§ s*, B T EANEZG TS, 45
REMEMA CAsm T, B2 n C EAFRNTEE, SN2 EMKE. PR & i
AW null 5275, Unicode XA ' ut £-8" HiliiL bl C F4FH .

z (str or None) [const char *] 5 s 25}, {H Python X} LA fEN None, FEXFEI T, CIGENEN
NULL,

z* (str, bytes-like object or None) [Py_buffer] 5 s* 24{pl, {H Python X5 n[HEH None, TEIXFhE I
N, Py_buffer £ buf IR E N NULL,

z# (str, Hifkbytes-like object B, None) [const char *, int B} Py_ssize_t] 5 s# 25{ll, {H Python %f4:
AREN None, FEXFMEL T, C 484K E A NULL,

y (read-only bytes-like object) [const char *] X /IR ARG — A IEFATLR BN LA — 8 [ FAF R 1)
C ¥8%F; B AEAZ Unicode X4 . 47 A7 KA E AR null 2475 AR E T null 277,
&8 %—14 ValueError 7.
TE 3.5 MUCHE R PATT, 24235 Zoh KB 3| TH AR null 5295225 & TypeError .

y* (bytes-like object) [Py_buffer] s* 745, 37 Unicode X145, W3k miar g, Xke
BEGIE I 2 i 4

v# (Hifbytes-like object) [const char *, int 8} Py_ssize_t] s# (A8, A4E3Z Unicode X154, Higszds

S (bytes) [PyBytesObject *] %3k Python X140 bytes A4, bl ERE . AR EAN
bytes X[ 5 N5 % TypeError. CAFRMW AR Pyobject * AL,

Y (bytearray) [PyByteArrayObject *] ZZ5K Python %[5k bytearray X4, AT AR, 40
RIZMEA N bytearray XRWEG| K TypeError. CASRMWAIHEI]Pyobject * AL,

u (str) [const Py_UNICODE *] §—~ Python Unicode XF %%k i f5 6] — 1 PAZS £ 11 Unicode F452%
SRIKAOHAET. IR APy UNICODE EPERHIGHAL, £2hE T—-H1 0 S7AER) Unicode
G X FRET o YRR — 1 Py_UNICODE R4 T BE B T g i3s3 (16 {375 32 £i7) . Python
PR AURIEED S A null (P WA, 31%— valuemrror 5.
1 3.5 U DI, 24 Python e 48] T AR null [UR 5 251 % TypeError .
Deprecated since version 3.3, will be removed in version 3.12: X J& |H Rk Py_UNICODE APIL; & iF %
ZPyUnicode_AsWideCharString().

u# (str) [const Py_UNICODE *, int 8§ Py_ssize_t] u 2R, 7FEW C R, H—MIReHEm—
A~ Unicode FHRZEAEIX, B AR EMKE. B ARV null A5 5.
Deprecated since version 3.3, will be removed in version 3.12: X & |H Rk Py_UNTICODE AP, 1T
FPyUnicode AsWideCharString().

Z (str 5 None) [const Py_UNICODE *] 5 u Z5{t), {H Python X} 4 1 A] £ & None, ¥EiX F 1 I
NPy_UNICODE 3841i% & 5 NULL,
Deprecated since version 3.3, will be removed in version 3.12: X & |H Rk Py_UNTCODE APL; 1T %
ZPyUnicode_ AsWideCharString().

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

Deprecated since version 3.3, will be removed in version 3.12: X2 |HRFEX Py_UNTICODE APL; i
£ PyUnicode AsWideCharString().
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U (str) [PyObject *] #izK Python X§4 4 Unicode X§5¢, AN MATE(THEHe . WAIZXT5 AN Unicode
X5 M5 % TypeError. CARBW AR PyObject *,

w* (W[5 bytes-like object) [Py_buffer] XA~k A Z AT TSL B S5 G AF KB XS 4. B MRS
PULW Py burffer Z5MIRME. SE0P XA REAFAE R A null S350 2428 v X 52 i o FH 3 75 A
HPyBuffer Release ().

es (str) [const char *encoding, char **buffer] s 25, T ¥ 45 5 Unicode FIFENFIF MK,
B HACH A i NUL 54795 1 2 g Bl .

AT ENANSE. B MUHERA, I HW A8 const char*, BEf§H—~PA NUL 4531
AR RN A AR, B0 N NULL, XFORMA 'ut£-8" 4aidig=X. 4154 Python g
EVUN g ig A TR 25 & 585 . B ASEICN char**; BTG HEEHER
HSECARNENZMNIX . OB PR — DS EHE 2 I i X3 T4 5 o
PyArg_ParseTuple () £ HL—AN BB K/NWZ MW X, FH4E I 1 EdE# DL A gah XIf H
WE “buffer 5] XA H L NAFS . W E B THREM G Pyem_Free () FRERE S
AECHI X

et (str,bytes or bytearray) [const char *encoding, char **buffer] #1 es #[5], & T A HEHEEA
ARG . M, ERIEE ARSECE g G I AT IRAY,

es# (str) [const char *encoding, char **buffer, int 5 Py_ssize_t *buffer_length] s# 145z, B/
4TS Unicode “FAHEAFAHINIC. MR oo HER, ERRVHEARTEEE NUL 747,
EHREZASHC BH—MURER A, HHWUACN const char*, BfgH—gitEaK,
A PA NUL 85 R A AP R B NULL, FEJ5—Fpa oL FRHEA "ut£-8" ZafdtgX. aniRgmidig=4
FRICVERE Python H N5 K 8. B ASEWUHN char*; B Frg| AR EHER g R
HSECANENG MW X . UL AR —DSET e € i is Xk T 4mis . 55 =S5l T8
B FRE 0 | R BEECR B B s g o X g A A
AW

N *buffer 4317 NULL $55t, WK ECRE 7> BT K/ Zeh X, 54 5 00 R S il 21 e b X, I
B *buffer LA FTHT 7> BCRIAFA o RN ST PyMem_Free () DAFERE SRR BRI ZET X

IR *buffer 5 FE NULL 4851 (E0EMZEIX), WPyArg ParseTuple () XL EEN
e X, K buffer_length (R IGIEMRRE N M IX KN SRIG, X 90D B 52 H 2 g2 oh X
HEIFEE. WREZMXAGEL, FiE ) valueError,

XA BITH, *buffer_length RS B4 5 45 A NUL B8R ) K JEE

et# (str,bytes if bytearray) [const char *encoding, char **buffer, int f Py_ssize_t *buffer_length]
M es# HFE, BTAMNERDEANFAFRERNS . MR, BIREEANSER MG FIERE
A,

¥
b (int) [unsigned char] —~JE 1) Python FERUALAV N — A TS5 IR, FEAE7E— > Cunsigned
char ZKHid,

B (int) [unsigned char] Xf— > Python #& 24 %% fk il — AN S8 B 5 N G 2 36k of 00 AL, F7fiE— 4~ C
unsigned char i,

h (int) [short int] }§—> Python B AL i —4> C short int 48%AY,

H (int) [unsigned short int] % —> Python #&#I %Lk %, — > C unsigned short int JLAFS5T3EAL,
FEARE A s )

i (int) [int] ¥4 Python BTUFE(LA 1~ C int B,

I (int) [unsigned int] Kf—> Python B AL —4> C unsigned int JLfFSBEAL, FFAKG AL H H)
5
i

1 (int) [long int] H§—> Python BAUHAL N —4> C long int KA,

46 Chapter 6. TR



The Python/C API, % 3.8.13

k (int) [unsigned long] }f—~ Python B A%E4k ili— C unsigned long int BfFS KR HAK
A R
L (int) [long long] > Python #&AI4L L i—~ C long long K KA,

K (int) [unsigned long long] (f—> Python #3#U5%4k if—~ Cunsigned long long AT K KA,
FEAKE A )

n (int) [Py_ssize_t] —> Python #FI%E 4k it —/> C Py_ssize_t Python JG K/NJSHL,

c (bytes B # bytearray KJh 1) [char] Kf—> Python FH7 KA, W— MK K 1 1) bytes B
bytearray ¥4, LN —14 C char FAFEAL,

T 3.3 UM fUiF bytearray REXIE.

C(str KD D) [int] Kf—A> Python FFARF, GH—MKBER 1Y str FRFERXTS, B —4> C int B
pritp

£ (float) [float] ff— Python ¥ ¥ fLill—4> C £1loat ¥ K%L

d (£loat) [double] /> Python % &AL i — 4~ C double MUK BERE S 8L

D (complex) [Py_complex] Y— Python i& 2 BIHAY l— 1 C Py_complex Python & 427,

Hapx+x

O (object) [PyObject *] Hf Python X155 (RIEfFITLM464) fEf67E C X5dg4 . Hik, CREFEIRE%
BBAYSEBRXT S . RGBS . A8 F84 A& NULL,

0! (object) [typeobject, PyObject *] Hf—4~ Python Xf A7 A—A> C X455t . XEMT o, H2EZHA
C 34 55—~ Python LA R bk, 55 — AN EAFMEXT S 35450 C 2 & CRAUNPyObject *)
Pl 4nSR Python X5 R HA FrEisk 28y, M&x5|% TypeError.

O& (object) [converter, anything] @ it—> converter FRELIE—1> Python %} 454 k—A~ C 25 & . HEREEHE
NS B DREE, B CARE CGREULER) iyHihl, ik void * KA, converter
RRECRE AR ko -

status = converter (object, address);

Hor object &R Python XF4LM] address ik 4PyArg Parse* () B void* S48, &l
() status [ 240N 1 ACFEES R IITIPA O ARG, ML RN, converter BB 245 | K& S
H H 21k address ()N AR AR B UOIRES .

4 converter JR ] Py_CLEANUP_SUPPORTED, WM Z M, Bl ReS FRIH %
PRER, MM s A WL SRR E A BT N AF . FESE —AEHR Y, object ZH0KF A NULL; [H B,
ZSH A NULL; F G, 2S5 NULL, L, S E N NULL Y (R E) & O NULL
address WE-5 JF AR MY A B (EAA R] -

1E 3.1 JUE #: Py_CLEANUP_SUPPORTED #¥R Mo

p (bool) [int] M fE ARME R NE (— DA /RHWN - HAG45 R85 AT C true/false A1 .
WA FAACNEE 1, RWE 0. BEZLMEER Python {H. 2 Il truth KIUE £ 5T Python I
Al B A B S -
3.3 Bl Ige.

(items) (tuple) [matching-items] X5 A0% 52 Python [731, EHK LR items AR TR %R . C %
BULITXS N items HHAF— NS AR TC . P A s AS BT T BB IR E .

&3 long” #& R CBEAUAYMEHE T T P& /Y LONG_MAX BRI ZRTRERY, SRIM B PEATIE 24 A0 78 BlAGI——

DT B/ NTZSCREE R, S B A g B AT (S2Ps L, C BT S LAk R i B al_E 5 i

R — IR E T RE S A AR

WAL TFAFER PR — S H A PR A ERR I L. XL BB N EER TGS . 112!

| ZPAFE Python S5 HF RIS EEE 3R A . C AR BT ) ] % S HFH BRI IR BRI
— AR S R E TR ER, PyArg ParseTuple () ANEEVIIAHN ) C AS & (AFE4E) RINEA

&
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$ PyArg_ParseTupleAndKeywords () only: FEHIZE Python S5 FH Fl KBS N E 58 H X T
S8 YT, ARG DGR SEI U A E RS, TSI ERF R | T — A S
M.

3.3 B fE.

A BICH I REE AR B R AR ER BT RAE A R I B PR B8 (PyArg_ParseTuple ()
PREG I “RBR(E” 50

; *%i}%%fnﬂ‘]ﬂ%iﬁﬁﬁ%; IS A AR BT RAE D B U R BB B BRI B+ AL AR HE

FERATLAT ] 2 B2 3t Python YR 5 HIE 45 ka9 5115 AZLEBENHI5 HTE

2 3K L8 pR RS BRI S b 25 AR A A H i S A R At 5 K S R A it i A 41N
A—LehE0L, BT AR R IC SR TR, XEESHAE R AEME A XL, BTN
DETC S A B A% BT

N T AR, arg G ECAS SO BAR U . NG, PyArg Parse* () B%URIT true,
[z AR false I 5| & —ANEER TR . 2PyArg Parse* () R NR— Mg BICHALK K
TSR IGCIRF - X6 R P A B I 2 A 2 B et il A PR 2 RERROS X BT

API B #§

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
fENT— R 28, Rk S EBEES AL E I AR AE &Y. R E true; IR [A]
false 7 H5 | ARV I 75 -

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

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words[], ...)
IR AL SO S 7 S BRI A R Jy A B BRI S8 keywords 802 KB S 4044 R
M) NULL £ 1808, 254 FR3Enpositional-only parameters., JEZ[E] true; & ATEEERT, B4R 4]
false FF5 | K AH N H 58

T 3.6 RS YN T positional-only parameters W) 32 15

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format,

char *keywords[ ], va_list vargs)
MPyArg ParseTupleAndKeywords () fH[A], BRI EREZ—A va_list 2RE S H0M A =2 7] A5 %k
HISEULE.

int PyArg_ValidateKeywordArguments (PyObject *)

I S AL TSR Sl G < P R S PO > SRR SIS W
T PyArg _ParseTupleAndKeywords () A H MWL T, JFHEC LA BHMXHFE R
.

3.2 HrhfE.

int PyArg_Parse (PyObject *args, const char *format, ...)
BRECH IR “IHZRAL” B SRR X SE R B 1y METH_OLDARGS S EUHT % C
M Python 3 WAk . XA TR AU R S BT, IF HAEARERPRERS P R 2 H S B wlg
%, AT ZERN. BRI ET AL, SRRl A8 i A~ H Ak s ] .

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

—NER RSB0, EAE AR FAF ORI E SHEERL. (X E RIS B o
B A E R B R R WE I I METH_VARARGS . A& 5L bR SEUN T 41 args e A E
WA S Ie . TR A DR min 3 HAER IS max; min Fl max W REAHSE . FRAMEY
SR IAE AREL, SR — MBI Pyobject * AR BEIRE: ENTRARE args HI{E
B e EEERNG I XTSRS RN W args 45 tHEIE A BRI E
KA B RRECA TR B, AR args A2 e B0CE A0 5 R IR BRI 0 3 3R [ i
AR T R IOPRF R — A 7
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XM PR RG], A _weakre £ i BIBIH AR SILE A IRACHD -

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

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

return result;

}

IR HPyArg UnpackTuple () SEE2ENM TR PyArg ParseTuple():

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

6.6.2 CIETE

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

Return value: New reference. T30} T-PyArg Parse* () EEERY)F— R B FIAE T AFE8 A1

BE . TE A BRI IR BB B NULL; 5RR B NULL, K5 K59

Py_BuildValue () FA—HAE—NICH. HA LTSRS A ECE 2 g g

TCA XA TTH . WA ERFR 22, BiRN None; (IR EBEMAE—MEXHIT, BiRME

H A& R TTHR I AT —XF 5 . IG5 208 A AR R W] DS B3R 1] — AN KN 0 535 1 1)

JCH .

2 NAF AT IR A B DA S BOE X% 38 B SR A X e, s A1 s# #aRBoT, &9 DR 4L

. HERENZ M RERA 2R Py_Buildvalue () QIEPXTEEGIH . Ha)igFvd,

SRR RIS malloc () I HIFECM NS RLB% Py _Buildvalue (), YREGRISIHAE T

fBAEPy_Buildvalue () IRFIFFE free () .

TE NS A, GRS BiES 0 W2 ook ZhR [ Python Xf 4

KA HES [ WG C A8 & (R E) AL,

TR, §RAF, B9 S Fis b E s h 29 20 (HEAIEEXEIT, s, X

AT PASEAR R s A A4 B H A S A T

s (str 5§ None) [const char *] {§i[f] 'utf-8"' il as & 111 C FAFER 4432/ Python str X4,
R C FAFER 4Ry NULL, W] None.

s# (str 5§ None) [const char *, int 5 Py_ssize_t] ffif] 'ut£-8"' ¥ C F/RFa N H K T
64 Python str Xf5. W C FERFEEFREN NULL, WK X9 Z0%, JfiR[H None,

y (bytes) [const char *] iXFf C FAFH %40l Python bytes Xf 4. 1% C FAFHFRE A NULL,
3R [A] None.,

yi# (bytes) [const char *, int 8} Py_ssize_t] X4 K C FAF R L HAK E 4 —> Python X4,
W% C FAFH RS NULL, W3R None.

z (str or None) [const char *] F s —#F,
z# (str B None) [const char *, int 8 Py_ssize_t] fll s# —F£.

u (str) [const wehar_t *] $25 4 ||-ff) wchar_t i Unicode (UTF-16 5§ UCS-4) $# 22 nh X i
>k Python Unicode X4 . A5 Unicode ZEi X 35414 NULL, NJiR[H] None,

u# (str) [const wchar_t *, int 3§ Py_ssize_t] ¥ Unicode (UTF-16 5§ UCS-4) ¥{#EgE X % H:
K JZ %4854 Python Unicode Xf4¢. 412 Unicode Zz i X454t 4 NULL, NHCBERFHE Z200% , Ik

[H] None,

U (str 5 None) [const char *] il s —FF,

6.6. BITSHHOEETE 49



The Python/C API, % 3.8.13

U# (str 5 None) [const char *, int 8 Py_ssize_t] fll s# —ff.

i (int) [int] ¥4~ C int ALY Python BRI 4 .

b (int) [char] 4 C char F/FHE (L Python %42

h (int) [short int] #f—4~ C short int ALY Python AN 4,

1 (int) [long int] 4~ C long int [KIERIFAL A Python BANI42.

B (int) [unsigned char] #f—/> C unsigned char JEfF5 747 AL A Python B AUXT 42 ,

H (int) [unsigned short int] —/ Cunsigned long FAFS4H %A Ak i Python B AN 4 .
I (int) [unsigned int] f§—4 Cunsigned long JEfFS ALK Python BEANR .

k (int) [unsigned long] —> Cunsigned long JEfF 5K EEAIFL AL A Python REAUXFR

L (int) [long long] ¥4~ C long long KKBIEHALH Python HIEXT4 .

K (int) [unsigned long long] }—~ C unsigned long long TfF5 K KHEAIEE (L i Python £
LR

n (int) [Py_ssize_t] ¥ —14 CpPy_ssize_t J5FI%E4k A Python 3&7Y

c (bytes KJEh 1) [char] Hf—4> C int BAUCER FAFHAL Python bytes KA 1747t
%

C(stx KA 1) [int] $§—A> C int BARAFRFLIL N Python str KEEH 1 IFAFHRXTE
d (float) [double] ¥f—/~ C double XK IF s AU ALk Python 77 p KR AR

£ (£loat) [float] Kf—> C float HURGEEIF ML Python 7 SRR

D (complex) [Py_complex *] Kf—> C Py_complex RBPEEH L) Python AR,

O (object) [PyObject *] Kf Python X} G & i ANAE (H G| H TR, &IT80h 1 3#3) o ik
AWIXI G52 NULL 484, WIHBCE X A2 i T 28 S 50 8 A& B 50T e B S i 5 R 1
Hitt, Py_Buildvalue () ¥fi& ] NULL, (HARX5| L RE. WARMAGI KRE, WikE
SystemError,

S (object) [PyObject *] F1 0 #H[# .

N (object) [PyObject *] 1 0 fH[F], AT EIHAHEMXT LG HITE M@0 H S8 # Hrgxt
G TE SR BT SR SEH

O& (object) [converter, anything] E it converter FREUK: anything 3k Python X4 . %R0 I if &
f& N anything (V.5 void* I VENSEOIF HIV 241 [Bl—A~ “HH)” Python X4, miE 4%k
A BRI IR [B] NULL,

(items) (tuple) [matching-items] ¥f—A~ C 258 /75|54 % Python JTCAH AR R TR EE .

[items] (list) [MIRMICEK] K4 C 28 &350k Python 51 I C4pAH [ i T R A

{items} (dict) [HIRMICE] K4 C AR 7554 % Python FFlL . fF—Xf 4L C AZ B XIE
H—ATCEBATFHA o HIVE R TR

WA AR B R, W E SystemError S IfiR ] NULL,

PyObject* Py_VaBuildValue (const char *format, va_list vargs)
Return value: New reference. f1Py_BuildvValue () #H[F], SR 'BESZ— va_list 2RI S50 A 2
AR SR .
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6.7 FHBREMSEAL

T B e A% Ak 245 5 i e 1) bR R
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)

WA X FAF R formar M IS, b A B size SFA7H] sore 2 0 Unix T 00
snprintf(3),

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
AR KT AT H format AL RS HHNE va, i A size A>T A7 2] stro 20 Unix F M} 5T
vsnprintf (3),

s

PyOS_snprintf () MPyOS_vsnprintf () 3 C FRUEFEREL snprintf () fl vsnprintf () . B
10 B B2 R UEEAR S 5 0L S I —3U TR, A C BB
RO str[size-1] FEREINIGZSN "\0 "o ENINAEG AR size 17 (BIEARRER '\0")
FF4E . WA RBERESK str = NULL, size > O fll format != NULL.,
WP GIEA vsnprint £ () T H. 22 X /N T B2 G 0T H size 512 <735 AL, Python 2x PA—
/]\nyFatalError () 5{%'4:‘1]:0
XS pRE R B (rv ) B BE DA R0 AR -
* 20 <= rv < sizeWf, HFERRIAZIHRE v DFERFE AR str MMIFEARE strlrvv] AER
"\O"' FT),
* Y rv >= size i, M SHEEMFAFE—NBA v + 1 FWM G XA BRI IAT .
FEMIEM N strisize-1] 2 "\0 ',
* Yrv < OB, " REARNFHFE. " EWELT strisize-11 Hh '\0", Hstr BIHARTS
FEARE L. BRI YR E R TR EFE .
PAT R BRI 515 5 PREE TG R A4 o BB i 4t
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
FEFATER s B4l double RHY, RIMIN G| Python Sp . sz i) P AT H Y BE G A T4 Python
1) float () MIERBIEZINFAHRERNES, BT s UHEA R FERR S . Fuaimar T4
Rl X3

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

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

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

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

3.1 B fE.

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

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

flags "] PAR BB F HAE Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 B Py_DTSF_ALT B{HH A
* Py_DTSF_SIGN IR E e fER I 7473 B M i — 455545, RIGE val SR G8K.
* Py_DTSF_ADD_DOT_O0 FK/nffifii bl i) F4Fef A ARG 2 — AL
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* Py_DTSF_ALT FnM " B A=A BEN . AH TGS PyOS_snprintf () "#' &
XY
W ptype K NULL, ‘&35 18] W {E B #% %/ Py_DTST_FINITE, Py DTST_INFINITE B
Py_DTST_NAN H—A~, 730N val @ — A IRET . TohRECF SR

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

3.1 FriR e
int PyOS_stricmp (const char *s/, const char *s2)
FAFREARRS KNG . ZEEJLTS stremp () W TAETXME, HEEZmE T KNG,

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

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

6.8 5

PyObject* PyEval_GetBuiltins ()
Return value: Borrowed reference. 3R [0] 4 HiEHATITH 4 B bR AR 8, QS-S BV WEAE AT, )
IR ] RFRR SRR o

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

PyObject* PyEval_GetGlobals ()
Return value: Borrowed reference. 3% [A] 4 B PAT I 42 Jiy A8 S () 7L, TSR35 214w AT 7 %) it D a4z ]
NULL.

PyFrameObject* PyEval_GetFrame ()
Return value: Borrowed reference. 3 [0] 24 HIZRFRIRASHIMT, U ¥EAA 24 BT P4 T B i D) 3% [B] NULL,

int PyFrame_GetLineNumber (PyFrameObject *frame)
WR[E] frame M F{IETEHATIIATS .
const char* PyEval_GetFuncName (PyObject *func)

U2 fune 2%, REQEBIR G, WIREIERAFR, BRE] func BRI 25K .

const char* PyEval_GetFuncDesc (PyObject *func)
HRARE func 1) ZEBLR R AR AFER o 3R [FE AL 35 & EORI 7 ¥2:17()”, ” constructor”, ” instance” F/1” object”.
YPyEval GetFuncName () WZERER, FERRE func MR

6.9 mAFtDNEMSZIRThEE

int PyCodec_Register (PyObject *search_function)

AT g AR A 4 2R R KL
fEAEIEN, HaZilngk encodings 0, WIRMARZER, W PREIRZ AL THRRRBOIRN S —

7o
int PyCodec_KnownEncoding (const char *encoding)

MRIEEWH LA RE encoding W2 i A2 EAFAEM R[] 1 50 0. MR LR BEE .

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

Return value: New reference. 17 B nfiih a8 B AN 4w APIL,

object ffi [ A1 errors Fir @ LA RAC IR )T ¥EAZ 145 5E encoding W RS ES EREL . errors W] PASK NULL 3
TN A S T L BRI ¥ . MR B afid 28 W £55] & LookupError.
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PyObject* PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)

Return value: New reference. 17 BLnfiRtS 28 A RS AP,

object i [ A1 errors it & XA RACFE )T VAL 145 58 encoding WIRISZSEREL . errors W] PAoK NULL 3
TN R SR ARG RS I E SR ERIA T ¥R . AR A BN R 28 M 25| & LookupError,

6.9.1 Codec &1k API

FERIIRRECT, encoding "y AT SAE LI FAN /NG FRHE, X 13 IO 2 4 g 0 s X5 s
ERRNEAGUR. MRARREUTAT RS AS . WKFE KeyError HiR[H] NULL,

PyObject* PyCodec_Encoder (const char *encoding)
Return value: New reference. "}y 45 €] encoding FREL—A~ 4wt aa R % -

PyObject* PyCodec_Decoder (const char *encoding)
Return value: New reference. "% 5E 1) encoding $BL— > fiRAL 28 BREL .

PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. " %5 € ) encoding Il —~ IncrementalEncoder X% .

PyObject* PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. “Fj%5 € W encoding 3H{—-~ IncrementalDecoder %4,

PyObject* PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. " %5 E 1) encoding $BL—A~ St reamReader T.J K%L,

PyObject* PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. “F %5 € W encoding 3RBl—~ StreamWriter T.J pR%K.

6.9.2 FF Unicode g%t iRAMBIZ/Fa0:E MR API

int PyCodec_RegisterError (const char *name, PyObject *error)
TEL ) name 2 B FEMHS IRAC BRI JE R error . 2 11 JH pRECRFAE — A G fRAD 2518 2] o35 g i 1) =
FETCIR S 0 715 Bt 7T B name 146 7€ 2 encode/decode b %4 i1 1) error 12 I 2% 4 i 4 oK
JHH .
Z M O R L& ¥ % — 4 UnicodeEncodeError, UnicodeDecodeError B{
UnicodeTranslateError )35l Ik B L, Jooft & T A7 I M40 5 40 1 91 1
HAE UGPSR M RS B (S0 Unicode J+ 3 1 5 T fRFE UL AE B9 BB ) o 1 [0 e 2
WG| R TER S, SR R A S A T 51 SO R P A el AR Ao i
AR, BRI A AT 26 R S 44
R A 0%, S IR [m] -1

PyObject* PyCodec_LookupError (const char *name)
Return value: New reference. X 3RAE name 2 N1 SR AL FR MR R B0 . VB4R ] PAE A NULL,
AESEE DL TR B X strict” FO A 15 A 35 o] ] R .

PyObject* PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. 5| % exc £ R B4 .

PyObject* PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. 21 unicode 451%, Bk 45100 A

PyObject* PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. ffiJf] ? 5f U+FFFD £t unicode 44t i% .

PyObject* PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. i [f] XML F£75| %54 unicode Zifidsiz .

PyObject* PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. {fi ]l SURHTHE LAF (\x, \u Fl \U) ##t unicode iR,

6.9. HARIDIEEMSZIFAE 53



The Python/C API, % 3.8.13

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

3.5 B fE.
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MERE

AFH KBS Python X AFH., TEICHEA, s AT ZRMNSAEA (Flan, FrafEssd, s
HIFHIEA) . 24l R 2R AN E R, A 12 74— Python 54,

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

7.1 HRMY

PyObject* Py_NotImplemented
NotImplemented BB, MFHMCHANRIEBAHIES ERBAAGHITLI.

Py_RETURN_NOTIMPLEMENTED
C BB RN IERAL TPy Not Tmplemented (iR ALERE (RPN Notlmplemented 115 1403+
RMEZ),

int PyObject_Print (PyObject *o, FILE *fp, int flags)

P50 B AR fpo WASHHRIE -1 o EFRSEON T8 AR e i ik mi . H aimE— SR
PEIE Py_PRINT_RAW; HIREL HIZEW, WP HAXMERH str () MAZ repr().

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)

Wk o WA B atr_name, WR B 1, FHWRE 0. XA 24T Python F ik hasattr (o,
attr_name). IEREEZRI.

HE, 7ERH _getattr_ () fil _getattribute__ () H¥ER KA FHEREHHADG . 52K
R, W Pyobject_GetAttr() .

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
MR o WA JEME atr_name, NWIRE] 1, HWRME 0, XFH24F Python ik hasattr (o,
attr_name). BEEEEEMIN.

HE, fEHH __getattr_ () fil __getattribute_ () HFEHAIE—MIGEFEAF X R,
SRS . PR RR, W PyObject_GetAttrString() .

PyObject* PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. X% o WitH44 R attr_name W)JEVE. BB BEMHAE, 503 ]
NULL, XAH24TF Python ik o.attr_name.
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PyObject* PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. MFF 4 o P BL—A~4 N attr_name )@ V. WIHBHREJEHEAE, 2M)
JR[E] NULL. 3%X#H4F Python #£iAx o.attr_name.

PyObject* PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. i i) )@ IRBUREL, T IAZRBINI LM tp_getattro i, B
fERRFIp (LT AR MRO ) AFIEAIRLF, HAAENRY __dict hEKENE
PE. IEQN descriptors ik, BUERIAFFLIET SLBEME, TARBIRRAFFNIAILE. KM%k
AttributeError,

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
FEXR 0 4N attr_name WEVEIEBCN v o RGNS R R FFIRIE —15 ENRHR A “0% o X AH2Y

F Python i&M] o.attr_name = v,

AR v oA NULL, JEMEROMER, HRIIIRECHFM, Mt PySequence_Delltem() .
int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)

KX 0 1440 attr_name WJEMEMEBCH v o RIIFI R FH IR R -15 IR 0% . XA

F Python i&M] o.attr_name = v,

T v S NULL, %@, (ERICIIEBEC i FHH, Wt PySequence Delltem() .

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
I JEEBCE AR R, T IAREDN R tp_setattro i, BIERMFMP (A4
1) MRO 1) #rfe itk , WERH], MWERE HeAE s ) <7 e b i B O 5 @ v DL s AT, Aol
DR FERFERT G dict_ s M. WSRHIAEEN 0, AIEE| % AttributeBrror
FiRE -1,

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
WEEXT % 0 W44 M atr_name B)J@ME . RIMETIR -1, iXAH24TF Python i5/] del o.attr_name.

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

WEEXT 5 0 W4 N attr_name W)@ M. RIGBHRE -1, XAH24T Python i&/4] del o.attr_name.

PyObject* PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. __dict__ Fd A0y s B — Rl 50, AT 2 0l st

3.3 B HhfE

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

_dict_ FIAFFRCE KA — MBS X BN SR VRI R A
3.3 Brhsfie

PyObject* PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. J§| opid 35 E W EEVELLEE o] F1 02 IH{H, WIlE Py_LT . Py_LE . Py_EQ
. Py_NE ., Py_GT 8 Py_GE Z—, RN T “<=*, ==, !=., > 5 >=, XM4T Python ik
Lol op o2, HH op @R T opid HHAEFT. ﬁJZIjJHT Wl BefE, 2R Mtk ] NULL.

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
1 opid $& & WHAE LA ol Al 02 (W{E, W2 Py_LT . Py_LE . Py_ EQ . Py NE . Py GT 2 £
Py_GE Z—, RN T <. <=, ==, =, > 8 >=, §HRFHRE] -1, t%jﬂfalse)\J o,
IR A 1. XA 2T Python Kkl ol op o2, H op @XfW T 0pld Ei’Ji‘%J’E

R 5 ol F 02 BR—N4&, PyObject_RichCompareBool () S Py_EQ MIRME 1, i Py_NE
3R] 0,

PyObject* PyObject_Repr (PyObject *0)
Return value: New reference. iJr XS o WFAFER I IR Bl A5 HR, ZRIGIRHR [A] NULL . 53X AH
24T Python KiA repr (o) o HINEREL repr O FHH .
TE 3.4 PR %K ﬁﬂf@"*/\ﬁﬁ%ﬁg, FH AR ERAS 2> 5 BR D 25 3305 3 17

PyObject* PyObject_ASCII (PyObject *0)
Return value: New reference. 5PyObject_Repr() —#FE, TTHEHM R o WEHFFEL, H
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fEPyObject_Repr () iR A [ F4F FH \x, \u s B \U 5% IR ASCIT FF4F . 3% 0528 i — 42K
fIF Python 2 i PyObject_Repr () REIMFAFE . HNERE ascii () HH.

PyObject* PyObject_Str (PyObject *0)
Return value: New reference. T4 o WFAFER L. IR BIFAFER , RIGHTR ] NULL . 3XAH
24T Python KA str (o) . HNERE str () M, BBl print O RKEOHHA.
T 3.4 BUE G RO & — DTS, B A DR B 2 3205 3 e

PyObject* PyObject_Bytes (PyObject *0)
Return value: New reference. T1HX4: o WA E. %JQHT IR [B] NULL, BBl B o] —A~ 7 5 okt
%o XHMT o NEEEITT Python KA bytes (o) . 5 bytes (o) AFEE, X4 o @EEM
VIR R 0 TR RG], it ’&% TypeError,

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
R derived 255 cls FARR SO IR, MERE] 1, HWERE 0. QIR H AR [E -1,

R cls ;2 oedl, WISXT cls PEATZRIRG I . AR 2 — AR ] 1, Z550500 1, SR 0.

LA PEP 3119 Jfk, W13 cls #747 __subclasscheck () Jrik, W2 s s 72000
A5 A0, AL derived RN EBESIRE T2, BLEE cls. _mro_ i, WPAERE ds —1
FE.

RIS GA P NZE, Al type BRAZER LB, AR, W RATAEA A __bases__
JEME (TR EIRICH) R HIX—

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
MR dnst 52 cls FEBCHFRASEH], WEREN 1, AR NRIE] <0, QIR AR M) -1 FF i E—

I
R cls J2 4L, WX cls PEATBIAGI . AR B DH —UARIRE] 1, 255050850 1, TR 0,

IELN PEP 3119 ik, sk cls i _ _subclasscheck_ () ¥, BSwH ARG E T2R000%
o AW, AN derived & cls T2, APLERHE cls — L.

Bl inst WLAEIL __class__ J@MERERHATEE.

XR cls AIPAEA _ bases_ J@IE (WAURERKICH) REHEREYOAMERIPRE, FHE
%,

int PyCallable_Check (PyObject *0)
TEXTG o @ AT G QRS G WA R IR [A] 1, HAd DLk o XAEEA LV K
.

PyObject* PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. & Jl—/1> 0] & J 1Y) Python %} 42 callable, P45 HICH args Frés =5k,
PAL 7 Ml kwargs FIr ) 887 S50

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

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

XM T Python A, callable (*args, **kwargs).

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

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

XA T Python A callable (*args) .

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

Return the result of the call on success, or raise an exception and return NULL on failure.
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XEEMT Python FikH callable (*args) .

HHEBE SRR A G APyobject * 581, WPyobject_CallFunctionObjArgs () S E
pLTEE

TE 3.4 R XA format ZEBIE M char * TR,

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

The format can be NULL, indicating that no arguments are provided.
Return the result of the call on success, or raise an exception and return NULL on failure.
X F1 Python %35 =, “obj.name(argl, arg2, ...)“2E—FEf .

HHEBEARIRREAPyobject * 2%, Wpyobject_CallMethodObjArgs () j&H RN
.
TE 3.4 fUH L The types of name and formar were changed from char *.

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

Return the result of the call on success, or raise an exception and return NULL on failure.
X F1 Python 535, “callable(argl, arg2, ...)“&—#FEHY .

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

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

PyObject* _PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwnames)
Call a callable Python object callable, using vectorcall if possible.

args is a C array with the positional arguments.

nargsf is the number of positional arguments plus optionally the flag
PY_VECTORCALL_ARGUMENTS_OFFSET (see below). To get actual number of arguments, use
PyVectorcall_ NARGS (nargsf).

kwnames can be either NULL (no keyword arguments) or a tuple of keyword names. In the latter case, the
values of the keyword arguments are stored in args after the positional arguments. The number of keyword
arguments does not influence nargsf.

kwnames must contain only objects of type st r (not a subclass), and all keys must be unique.
Return the result of the call on success, or raise an exception and return NULL on failure.

This uses the vectorcall protocol if the callable supports it; otherwise, the arguments are converted to use
tp_call.

{#f#: This function is provisional and expected to become public in Python 3.9, with a different name and,
possibly, changed semantics. If you use the function, plan for updating your code for Python 3.9.

3.8 B fE.

PY_VECTORCALL_ARGUMENTS_OFFSET
If set in a vectorcall nargsf argument, the callee is allowed to temporarily change args [-1]. In other words,
args points to argument 1 (not 0) in the allocated vector. The callee must restore the value of args [-1]
before returning.
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Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
PY_VECTORCALL_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to make
their onward calls (which include a prepended self argument) cheaply.

3.8 B e

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

3.8 Hrh Tk

PyObject* _PyObject_FastCallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwdict)
Same as _PyObject_Vectorcall () except that the keyword arguments are passed as a dictionary in
kwdict. This may be NULL if there are no keyword arguments.

For callables supporting vectorcall, the arguments are internally converted to the vectorcall convention.
Therefore, this function adds some overhead compared to_ PyObject_Vectorcall (). It should only be
used if the caller already has a dictionary ready to use.

W This function is provisional and expected to become public in Python 3.9, with a different name and,
possibly, changed semantics. If you use the function, plan for updating your code for Python 3.9.

3.8 Hii ke
Py_hash_t PyObject_Hash (PyObject *0)
HHEIH R B R AGAE oo RIMETRE -1, X424 T Python %3A3{ hash (o) .

e 3.2 B BAERYIR [0 288U 5 Py_hash_t. iXi&— A58, 15 Py_ssize_t K/MHR .

Py_hash_t PyObject_HashNotImplemented (PyObject *o0)
BE > TypeError /N type (o) RAMMANY, JHRF -1 . XRERIFAE tp_hash frHi
SRFVRRRIRRE, SRV AL R A UR I AR T

int PyObject_IsTrue (PyObject *o)
WERRTR 0 YEA N true, WER[E 1, AR E] 0. XAH24 T Python A not not oo KRIKN

MR[E -1,

int PyObject_Not (PyObject *o)
MRS 0 BA A2 true, MR 1, G [E] 0, XAH4 T Python FiAR not not o. RIEM
[ -1,

PyObject* PyObject_Type (PyObject *0)
Return value: New reference. 24 o 3F NULL i}, RE—P5X14 o E"J%’éﬂ*ﬁﬂi&ﬂ"]%iﬂ%‘%o ERLGHR
5% systemError Hi&[A] NULL, jX%[F]J Python ik type (o) . PR IG MR IEMEAT ]
FTE. SEbr B3 BRI AN 25 88 1) %8 5 o—>ob_type ﬁﬁ@ﬂaﬁ 8, FrAXSRE—E
BAREF Py Typeobject * | BRAETEIGMT 4L

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)

N2 XF 4 Return true if the object o 2y type ZRAUEY type 1Y 5L AUNR W B . WS HCERL AR
NULL,

Py_ssize_t PyObject_Size (PyObject *o)

Py_ssize_t PyObject_Length (PyObject *o)
REXS G 0 K. ﬁﬂ%iﬁ?ﬁ o SCRPFAFIBL I, R W PP . AR IR A -1, X 5%
TF* Python A 1en (

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t default)
Return an estimated length for the object 0. First try to return its actual length, then an estimate using

=

__length_hint__ (), and finally return the default value. On error return —1. This is the equivalent
to the Python expression operator.length_hint (o, default).
3.4 FrhiYihe
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PyObject* PyObject_GetItem (PyObject *o, PyObject *key)
Return value: New reference. R [F] %52 key X}V o TG, BiAES AR E] NULL, XZE[6F Python
%k o[key] .

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
REXFR key WL EIME vo KRIINT ] A& S HF R A - 15 MEZHIRHRIE 0. X AH24 T Python iF4] o [key]
= v. ZERECRAREC 5
int PyObject_DelItem (PyObject *o, PyObject *key)
MAER 0 HREERXTR key (WL, IR -1, 3XAH24 T Python i41] del olkey].
PyObject* PyObject_Dir (PyObject *0)
Return value: New reference. }1*47F Python #3iAR, dir (o), RE—4 (A[fER=S) BEEMNESHW

FAFERAI, AR FILR M NULL, QERSECH NULL, 6B Python ¥y dix (), JUiR [ 247 locals
M4 X AR A G S A THESS , DUk [ NULL, {HPyErr_ Occurred() Ffiz m] false.,

PyObject* PyObject_GetIter (PyObject *0)
Return value: New reference. 55 [A] T Python AR iter (o) o NXRSHORE—NHaTEALE, W
RIZME O SR — M ERE, WEREXF A S, ﬂn%xf%ﬁﬁ%ﬁ =N, 259K TypeError , Hik

[5] NULL,

7.2 il

int PyNumber_Check (PyObject *o)
MRS o SRAECF RPN, IRIIE 1, BWEREMER. XA R BRI R

TE 3.8 R AR o & — G HEEOLR [H] 1

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. 12[R] ol . 02 FHINILER, RN, 1=\ NULL . 4T Python H1)
kK ol + 02,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. 12[1] ol W75 02 BILEH, WM, #RF] NULL . 24T Python FFf{FE
*HF ol - 02,

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . 02 FHIEYLER, TR, 1R\ NULL. 24T Python Hrf 3
AR ol * 02,

PyObject* PyNumber MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . o2 fUGEMEFIERIGER, IR KM, RF] NULL. 24T Python
HRiAR o1 @ o2,

3.5 B e

PyObject* PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12 [8] ol DA 02 W] FECE G455, R4, 1&[H NULL. 4T
ARG BREBIRYE

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 1[0 ol DA 02 H—PNEHEMIERME, TR LM, & F] NULL, X MEE
AR, B 3R R — N ME, ERFTREFRN DA 2 B0 T A S XA eR R ]
P BEHORH PRS- 2 17 R R

PyObject* PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. 18 [7] ol F&:PA 02 1538480, WAL, RF NULL, 54T Python H
MFEAR 0l & 02,

PyObject* PyNumber_Divmod (PyObject *o0l, PyObject *02)

Return value: New reference. 27 N E KA divmod () . WA, 1R[] NULL., %4+T Python ik
K divmod (ol, 02).
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PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 152 |7 N B BREL pow () » TR, &[0 NULL. ZE{tT Python H 13
KA pow (01, 02, o03), HHt o3 @W kR, ﬁn%%‘ﬂmﬁ 03, WIFte Ary_none fiE B (4N
Rtle A NULL 2 REEARE W) .

PyObject* PyNumber_Negative (PyObject *0)
Return value: New reference. 1&[0] o BITUE, WRKRMG, 1R\ NULL . 24T Python k= -

PyObject* PyNumber_Positive (PyObject *0)
Return value: New reference. 12 [7] o, {NHZN, 1R[] NULL . 84T Python 3£k +o.

PyObject* PyNumber_Absolute (PyObject *0)
Return value: New reference. 12 [7] o FZEXTE, TSR, IR\ NULL. Z54+F Python k= abs (o) »

PyObject* PyNumber_Invert (PyObject *0)
Return value: New reference. 1210] o WFENIBU G ISR, SRR, R\ NULL, 44T Python 3
# ~o,

PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. IR0 ol £:%% 02 AN HUAFIGROZE T, WM, R\ NULL. 84T Python
F3A5L o1 << 02,

PyObject* PyNumber_Rshift (P\Ob/'ect *ol, PyObject *02)
Return value: New reference. 1210] ol 15%% 02 AW ERIZE R, MR, 12\ NULL . 464 Python
FkHK o1 >> 02,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. 1R [0l ol F1 02 “F¢fi5” BIZEHR, WRKRM, &R E NULL . 4T Python
kK ol & 02,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. iR ol 1 02 “$#PLFEL” WILER, R FEN, RN NULL . FNT
Python 1A= 01 ~02.

PyObject* PyNumber_Oxr (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol F1 02 “$#{isl” MOZEE, WM, 1&[F NULL . 84T Python
FkK ol | 02,

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. & |8] ol . o2 FHANAIZESR, AR KM, &[] NULL . 24 ol I, X4~
PEEBREIRSS ol . ST Python i541] o1 + o2,

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)

Return value: New reference. R ol . o2 AHIAIZE SR, R ALM, R NULL . 24 ol ZFER), XA
YRR of . 01T Python i) of —— o2.

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. iR|0] ol . 02* #F a4 %, R LM, Bw ‘NULLY., % *ol W}, X
MEHERIFFHINE ol . ST Python /] 01 +- o2,

PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. iélﬁ] ol . o2 fYUEMEIIEIGRIEE R, WRI, R NULL . 24 ol 4
W, X AMEESE UG RHERSE ol o 41T Python i54) o1 @= o2,

3.5 B ae

PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol DA 02 J51n) FEUEMZE R, A0SR LM, IRF] NULL, 24 ol #F
B, XAEE5E G RHERS ol . 54T Python iE4] ol //= 02,

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 1[0 ol DA 02 H—PNEHEMIITRME, TR LM, & F] NULL, X MEE
EUE/J Rk — 7 SO — N RUE, AVWTRERA 2 M EEOR Fm A S8 XA R EGR B

EEEARIS BN 77 S 2 of SRR, XM HETE UG R EIRS of
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PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol DA 02 153 A%, IR, 1R[E NULL. 24 ol LR}, &%
MR HEEM N EMHFLIR . 0T Python ifif] o1 %= o2,

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 1[5 N B pRE pow () o WIRKML, 1R[] NULL. Y4 of SRR, X2
BHEM N eSS R, X o3 2Py None ), ST Python ifh] ol **= o2; MMM TTER
KALEAEAFEERA pow (01, 02, 03) . AIRZZAWE 03, MFHE APy _None (f£ANULL 235
IEE AT ) o

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 8] ol /2% 02 AN ARG IS, TR LM, IR F] NULL. 24 ol ¥R},
XA EHEEBEMEH AL . ST Python i54] ol <<= o2,

PyObject* PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. 12[8] ol 5% 02 A~ 4TSS, WIRKI, 1R\ NULL. 24 of S5},
XA EEEEMEH AR ST Python i5H] ol >>= o2,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. IR IE] ol 1 02”7 ¥ 5 WSS, JeBHR[F] NULL. fF ol 31
HIPE FIZBAERF R AT, 48415 Python i) ol &= o2,

PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. IR A ol Fl 02 7 ¥ RELRIZE SR, JMFHR ] NULL, fF ol ¥
FIHTHE N ZRVER R AT, S5 Python i) o1 ~= o2,

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. IR ] ol F1 02 7 $A78Y” FYLEH, JIEHHR Al NULL, 7E ol SZFFH)
HIFE NIRRT Rk PAT. &M T Python i) ol |= o2,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. 1R 1] o W BEF S B 25 R, JRIGHR ] NULL. 4T Python
Fk int (0) .

PyObject* PyNumber_Float (PyObject *0)
Return value: New reference. IR M o ¥4 M ST G IO 45 5, RIMBHR [ NULL., 4T
Python #3iAH; float (o) .

PyObject* PyNumber_Index (PyObject *0)
Return value: New reference. {3} iR 5] o #5464 Python int 288 50455, iR 8] NULL 75| &

TypeError .

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. 12 [B13E n 3 il DA base BB FAF 8 G 4S5 . XA base S5
ik 2, 8, 1083 16 . XTHE2, 8, #{ 16, R [EIHFRFHKF BN LR "op', *0o,
or '0x', WIHR n A2 Python HRJEER inr 257 | wiSeidd PyNumber Index () ¥ B B3 EESE
A,

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
W 0 2 —MEEHCRBRMRRERL, 1R[] o $Lili— > Py_ssize_t (IR 5 I L5 4 . WA R, &
[l -1 F51 KR
MR o AT LAY AR 48R Python int ZRAUH Sl 445l Py_ssize_t (HIM 25| % OverflowError, X}
exc ZHCHEHE | BB HEEA (B 2 IndexError B OverflowError), W exc 4 NULL, N
S AP E R B ST B st PY_SSTZE_T_MIN S{IF %% PY_SSIZE_T_MAX.

int PyIndex_Check (PyObject *o)
IR 0 R—ARGIBEEC (F747 nb_index (4 tp_as_number FLAJLH ) NER[E 1, FHR[E 0
XA BRBA 2 R
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3 RSl

int PySequence_Check (PyObject *0)
WA S ERAEF A, REBGRE 1, FHWERE 0. HHEEERAMEA __getitem_ () HEM
Python %’éi_li 1, BRAREANTR dict 738, BATE—BE 00 T IO e B SC R, R4
Soe s IHAT

Py_ssize_t PySequence_Size (PyObject *0)
Py_ssize_t PySequence_Length (PyObject *0)

SRR IR ] F 8 *o* ARG, Mt R [a] “-1%. #H24F Python /Y “len(0)*#ih (.

PyObject* PySequence_Concat (PyObject *0l, PyObject *02)
Return value: New reference. [N [E ol Fl 02 WIPHEE, IR [E] NULL, XZ4)F Python FEFik
H ol + 02,

PyObject* PySequence_Repeat (P)Object *o, Py_ssize_t count)
Return value: New reference. 2 [B] JF Xt 4 o B count IRIFLE S, Mgtk M) NULL, XZM4T
Python iAo * count.

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)

Return value: New reference B IR A ol A1 02 BIHEEE, JRIGETIR ] NULL. £F of SZHEFHRE LT #
VERF Bk 5E . X5 T Python 3Rk ol += o2,

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Return the result of repeating sequence object 1 [ JFF X 42 0 & count 1K
AR, RIGEHRE] NULL. 7E o SCRERUIE O FiZ4E S RaesE M. X4 T Python Fik o *=

count,

PyObject* PySequence_GetItem (PyObject *o, Py_ssize_t i)
Return value: New reference. Ix[A] o FHSE i SIvEK, KIMEHR M NULL, X 4rF Python FEik=

o[i].

PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2)
Return value: New reference. iR AP H X4 o 1) il 3| 2 WWY)J, KRR NULL, X484 Python
Tk o[i1:12].,

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
FEXG v RS o W56 i SICR . R &5 A R FTiR A -1; sEhEHRE 0, iXAHYT Python i
folil = vo MEREL R EUEXT v NG H .

Wk v 3 NULL, JUERFROMER, (Rt epET i, B pySequence Delltem() .,
int PySequence_DelItem (PyObject *o, Py_ssize t i)

IMERXTS 0 B5E i S ocE . RIGETIRIE 1. XAHY4T Python ifif) del of[i].
int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)

RIS v IAEZE P A5 o BIM il B 2 Y]y XA T Python ififi] o[11:12] = v
int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)

BB FEFUAT 5 0 WM i1 3] i2 BYT R . RIGIHR ] -1, XA 24F Python 141 del o[il:i2],

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
A value 76 o B BLAGURL, HIERIMTS o (key] == value MOBEAORCR. KICHRE 1. iX
FH24F Python F3E3 0. count (value),

int PySequence_Contains (PyObject *o, PyObject *value)
Wi7E 0 @A LE value, NG o IR—IANET value, MR L, FWERIE 0 HFFH, AR -1
X AH 4T Python A value in o.

Py_ssize_t PySequence_Index (P\ Obje(l *o0, PyObject *value)
R EISE—AEKG| *i*, Hf o == value. H4&I, IR [7] —1. #H24F Python [{{] “o.index(value)“Fik
7.
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PyObject* PySequence_List (PyObject *0)
Return value: New reference. iR [l —/FFRXER, HNEE FHEATIEARIS o M, KM R
NULL. &[RRI R — DS . XS T Python %Kik 1ist (o) .

PyObject* PySequence_Tuple (PyObject *o)
Return value: New reference. iR [l —/NJCHXf 5, HNASFHIE AT IEAXS o M, KM R
NULL. #2R o 7, WPRER B — A5, FEHARTE 0L R 60 4 N A i — oo X
AT Python A3 tuple (o) «

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. B 55\ 58 1] BT E o {EHHAL PySequence_Fast* pREE AT %)
SR AR RA RTINS AT ERXT S, W5k TypeError 45 m VERIEE SCA . KRIMET

&[] NULL,

PySequence_Fast* R Z FrA X%, 2R M ElISEBE —ANPyTupleObject
B PyListObject FFHIEVN o MEHETFE .

YE>} CPython fSEILANTT, 4R o DR —MFHEFFR, ERPEEER R

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
1t o thPysequence Fast () IRIAH o " 2A NULL (0L Nk Il o K. AT DAEEAE o L
HPySequence_Size () FIKB K/, (HEPySequence_Fast_GET _SIZE () MEFE R, HH
BAPMBGE o AR E T .

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference JE o fiPySequence_Fast () #2[A H o A NULL, F#H id fEZR5|
JEFE IS L TR ] o 56 i 5ot E .

PyObject** PySequence_Fast_ITEMS (PyObject *o)
i [u] PyObject $54HHIR)JZ 4 . (RiX o HPySequence Fast () 3z H o A4 NULL,

T, WSS FEVREE AN, FF AT R RE 2 R E A7 items FRZH. PRI, (CFEP 1 VA B R TR S
SRR R T
PyObject* PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value: New reference. 1R 8] o W) 55 i A~ J0 & 5 7F 2< W W} 1% [B] NULL, It =X
tbPysequence _GetTtem() PR, BASKTE o FPySequence_Check () &K NE(H, th
AEX T HATIEE

7.4 BREHR Y

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

int PyMapping_Check (PyObject *o)
TR XS GRS MY CSCRF ) R LR IE] 1, R E 0. HERER NAA __getitem () 75
V1) Python 2RaR W] 1, PRUNTE— MRS OL T TOVE & B I SCRp R AL R BRI 2 s T

Py_ssize_t PyMapping_Size (PyObject *0)
Py_ssize_t PyMapping_ Length (PyObject *0)
JETIR IR o FHERAEE:, RIKR o XA T Python ik 1en (o)

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

Return value: New reference. 1&11] o HXf N T FA4FER key IITCE, B0 J MR M NULL, iXFH24F
Python FA5 o [key]. HiEZ M also PyObject_GetItem().

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
TEXR o TR FATH key W ENE vo RIGHHRIE -1, AT Python if4) o [key] = v. J37H
S0 PyObject_SetTtem(). WHREL REARIMXT v 5.

int PyMapping_DelItem (PyObject *o, PyObject *key)
MRG0 HREERAT SR key WML, RIS aR ] -1, XA 24T Python ifi#] del olkey]. iX

HEpPyobject_DelIltem() H— %% .
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int PyMapping_DelItemString (PyObject *o, const char *key)

MAIGE o HREERTFATER key FUBRIS . RIBINIRIE] - 1. XA T Python iiH] del o[key].

int PyMapping_HasKey (PyObject *o, PyObject *key)
R PR 5 B key WRIE] 1, AIRIE 0, XAH2 T Python ik key in oo IERELEE
ST
WYEBIE WA __getiten () J7 ¥ M) & A2 09 5 05 5 2 4 e k. R IO O i 9 I

FHPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
TSRS 5 B B key MR [A] 1, FRNAR[A] 0. JXAH4 T Python ik key in o. MEERELE
SIS

WEBET N _getitem () Jy kWA % 42 B9 52 0 RF 2 000 M. AR IBURE R 4 59 K

FHPyMapping GetItemString().

PyObject* PyMapping_ Keys (PyObject *o)
Return value: New reference. {3}, 1R[FXFER o FRYEERIFFE. JIEEt, 12\ NULL,

TE 3.7 R R FEZ BRAH, BEeR R [ — 31 sl

PyObject* PyMapping_Values (PyObject *o)
Return value: New reference. I}, 1R [MXF4 o FMEIIFZE. JIEHt, IR [E] NULL,

16 3.7 M FEZ HICA T, B HGR Bl — 421 e -

PyObject* PyMapping_Items (PyObject *o0)
Return value: New reference. [}, RMINISR o FE&LH BN, HFPEANLHZE S HEENTH
JCH . AR}, R [E NULL,

TE 3.7 MR FEZ HICA T, BEeREGR [B]— 21 R soed -

ER R

AR AR
int PyIter_Check (PyObject *0)
IR[H] true , HWIRXG o LFRREAFLIE
PyObject* PyIter_ Next (PyObject *0)
Return value: New reference. R [W A o I F—/ME. XTZ 002 HEAAY (XY i o 2 ok A

Wr) . GNSREA A FRME, WERE NULL H HARREFH5 . ﬁn%f%’ﬁv H I &4 T 455, 3R [E
NULL H HALZ#55 .

BOEREGERE — A DEER, C AU NI%E ARG

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

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

}

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

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

Py_DECREF (iterator);

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

}

7.6 ZZhiil

TE Python H ] {ff Ji] — L0 G ok AR X IR 2 INAF R SRR 22 F Y7 ). LR G AL3E N B bytes Al
bytearray PAM—2l array. array AR LI, 55 =J7 R AT RE SN THRAR H BT E L E
ITA KA, BT E R PERIEE T4

FARXLEI R — R H OGS, (HENTRA t ] BRI A7 e IX SCRF I L FRAAE . A
BEREOLT, A B BT M G X T O RE RIS

Python PAZZ 7 #-i BTEATE C )2 AR IEXAERIIRE . BL M BI85 Thi:

o FEEPE X, ZEBW T AT —A ‘G X0, RTFATFERIRZEZ KGR,
A O WA IR ME B AE Buffer Object Structures —35 713

o AEWBE M, A LRIV TR X R a9 UG 2 B p st (BIan—InkmiE2) .

— LA I bytes Fl bytearray SUARINT WO ATFE NGNS, Wolfes I
MBI array . array BPATFHITERT DALS 1 H.

S B LR B B B — ) T2 SCPERF 400 write () D7k AR AT ARG g — B 50 7 A % 42 AT
PABEE AL BRI write () JriK R0 THE AT RAY R EAUR, HAbR 7%, W readinto ()
WERNER G ARR . Ze XE 1 A0 R 0] ARV A vF 2 B 5 U B8 X e 1

YT O RENE, AP — B S0 2 -
o [ IEFSECRIIH Pyobject_GetBuffer () %L
s WHPyArg ParseTuple () (BHFIFHZ —) HAEA y*, wr or s* 44 X KA HFH—A,

TEXPIRSI T, UATREEGh XA PyBuffer Release () . MR MEMELRK, THESS:
SRR R, BN BT .

7.6.1 ZRX L

Geuh X5 (s ] AR N “buffers” ) XFFF5 B Bt M55 — AR ATF4: Python F2/7 S AR A -
EATE R CAAEZSE WG AL SR ENISIHATFIGE T, T AT 5 MR AT A Kcdli 22 9T 4 Python
FEIF . AR AR C 9 i — AR i AL, ton] DARAEAR 3 B AR e e 2 i T B A S
WA, B AT AR AL A DL N AR S S5 A i

5 Python AR AITHIR Z HEHRRIUAIE , Znp XA JgPyobject FREFTIE R B C 450, XMEAE
ITAT AR fey SR B @ AN S . MR E N enh X Eaz BRI, W RAGIE—A> i AL XK.
BRI g E I R RE U, S A h R 2. ERBRZEZ XX, HS

HlPyObject_GetBuffer ().,

Py_buffer

void *buf
F6 1) i 28 op X F B 1 2 5 45 M AR 38 4. X AT DA S H R IS 2 0 B DN A B o ) AT 4]
i, BN, fERAR) st rides {HATREFR R NAFHIPR R .

X Tcontiguous , SREE B, AEFE M NAFERAIF K.
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void *obj
MR R FGIH. RS IR E IR, HiipyBuffer Release () HaGBIFE
A NULL. %5 B TARaTARIE C-APT pR LR [M1{H
VER—FR RIS, STl PyMemoryView FromBuffer () B{PyBuffer FillInfo ()
BEMR) temporary GBoP 1%, ICF BN NULL, 87, XTSRRI 2.

Py_ssize_t 1len
product (shape) * itemsize. XTIELEENA, XERMNTFHRMKE . TARESEEL
H, WMRZEENE HBEEFRRE, WZKEFEGZKE.
022 28 o X J2 i 2o PROIE 7 22 MY 9 SR SR, A 1 B ((char *)buf) [0] up to

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

int readonly

IR N R e R e . W Bt PyBUF_WRITABLE FRiidsiil.
Py_ssize_t itemsize
BANTER IR/ (PAFEATNEANL) . 5 struct.calesize () PWHIE NULL format FI{EAH
G
B A QO SRAE A SR b KA PyBUF_FORMAT FRi&, format Y% & A NULL,
Hitemsize {AEAFEIEMHAHIE.
MR shape F1E, NWIAHEEN product (shape) * itemsize == len {3RTETE, [HHE AT
PAVBEH i temsize RGAZEM X,

WM shape /& NULL, FH45H N PyBUF_SIMPLE B PyBUF_WRITABLE &K , g 3 DA%
ZWgitemsize, HIRWK itemsize == 1.

const char *format
1E struct BB NUL F575 , ik AT a2y . a2 NULL, Rk "B ™
(EFFZF97) -
B PyBUF_FORMAT FRabdaiil .

int ndim
WHFRR A n R R, W2 “0%, bur R FRRAREENIH . EXMELT,
shape, strides fllsuboffsets P& “NULL",
% PyBUF_MAX_NDIM X KYEFEEBR G0 64, FHARF OGP X ANBR G, Z4Eg i X1
3 X RS AL P i % PyBUF_MAX_NDIM 4EfE.

Py_ssize_t *shape

—MKJER Py_ssize_t WEHndim FRAEN n GEFHMNAIRIR . HHEE, shape[0]
* ... * shape[ndim-1] * itemsize W% F len,

Shape {H#EfREFE shape[n] >= 0. shape[n] == 0 X—IFEFEFIEE . &Fcomplex
arrays FARIGHE ZE B
shape ZCZH 1050 H & K i H

Py_ssize_t *strides

—MRJEN Py_ssize_t WA ndim 45 B ROASRBUE S RS R HTCER .

Stride A5 EEAL H(E T DURAT A 38 ST R, iR s e, (H2 00 & i hE
ISP strides[n] <= 0 WL . HE(EEHE Fcomplex arrays
strides ZCAX ] Pkt 2 HsE .

Py_ssize_t *suboffsets
— KR ndim KAk Py_ssize_t M. W suboffsets[n] >= 0, NS n 4iffE
A AR, suboffst AE T HEBRS | AT S EF NS 545 S . suboffset 29 1K,
WIZTRARN ARG (FEES N5 )) .

WP TR i (RIZEHHGHTI ), M5 Bubichy NULL - (BROAME)
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Python Imaging Library (PIL) H i f| T X B Z6E R . S [ complex arrays 1 AT
MIXBE— B T e
suboffsets Fir2H Xt I & K ihd 2 HsE .

void *internal

Mt X G . Hean T BER S Ras AL — N, H T A — MR, ARPHTE SR o
R B 2 75 L URE ik shape.. strides F11 suboffsets $t2H . 22 X FH P RAHEIGZIE.

7.6.2 ZAXERIIZER

W, Widryobject GetBuffer () [ RATREM XK, MIAIHRGZEM X, T NAFREZH
iM%, WTRESAMRRZESR:, Znh IXMEE W] flags S84 i HLREAS AL BRI b X FLIR SR 2

B py_buffer “FEIGMRATIIE Lo

SERTEROFE

DR FBR Y flags W, 3 ELUAUS R IEMIGRIAT: obd, buf, len, itemsize, ndim,

Riz, #X

PyBUF_WRITABLE
Pl readonly FEB. WRRE T, HHARF LRSS IX, BHRER
W BARE, WA T AR RS T S Z e X, (BT EE 1 A R o0 R AR
—F.
PyBUF_FORMAT
Pl format FB . MR E, WOAFIEFHIES L FE . HMFELT, BN
“NULL,
PyBUF_WRITABLE W PAFI R — 5 1 Br A #r & B¢ . B TryBUF_SIMPLE 3 LN 0, Jr
PAPyBUF_WRITABLE W DMER— ML HIbRE, TR — DR 5% X,
PyBUF_FORMAT A DA HIR T PyBUF_SIMPLE ZANIAEATHIRRS . JEH D AR T B (o 51y
) #%

K, HiE FRBE
P AT R SRR AL IR R s BT 51 . YR, RS S B T I A R .

LES BR |5k | TheE
PyBUF_INDIRECT = = R TE B
PyBUF_STRIDES = T NULL
PyBUF_ND = NULL | NULL
PyBUF_SIMPLE NULL | NULL | NULL
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ELEERYIEK

LA ISR C 2 Fortran it 22 , AMEAWALRER . HRALIRELR, Wb Xugi2 C-HELEH .

Bk 2K | SR | FleB=E | 4

= = LL
PyBUF_C_CONTIGUOUS = = NU C

H H LL F
PyBUF_F_CONTIGUOUS = = NU

= = v
PyBUF_ANY_CONTIGUOUS SR NULL C ok F
PyBUF_ND Sk NULL | NULL C

FiA ] RERYTE SRAR B — 1 AR R A B s 4 o N TR, Senh XSGR IR 4L & 1R
AR .

TN, U NGRS E L. M ERF U PyBuffer IsContiguous () PARAE L.

K K | HiE | FIEBE P | R | format
PyBUF_FULL | WARTFERGE | U 0 E=X
PyBUF_FULL_RO e R QARG | U | 180 | 2
PyBUF_RECORDS | e NULL U 0 =
PyBUF_RECORDS_RO = | NULL U 150 | &
PyBUF_STRIDED | NULL U 0 NULL
PyBUF_STRIDED_RO 'R NULL U 1'8{ 0 [ NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C 150 | NULL

7.6.3 EZH4A
NumPy-Ritg: FRF0LIE

NumPy XU 1B 445l itemsize . ndim . shape flstrides & X

W ndim == 0, buf fEEINAFALERIRREN KN R itemsize bR, XK}, shape flstrides
#iH NULL,

U1t ricies y NULL, WSALRBARREY—MHRMER n 2k C I RRAL. A0, I SER B A6 T
SRy TG
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ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];
item = *((typeof (item) *)ptr);

W EFRE, buf A PARE I SEFR AR T AL ROL B B R AT DA T 3% o SRS A R i DX ) A R

def verify_structure (memlen, itemsize, ndim, shape, strides, offset):
"""Verify that the parameters represent a valid array within
the bounds of the allocated memory:
char *mem: start of the physical memory block
memlen: length of the physical memory block
offset: (char *)buf - mem
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v % itemsize for v in strides):
return False

if ndim <= 0:

return ndim == 0 and not shape and not strides
if 0 in shape:

return True

imin = sum(strides[j]* (shape[j]l-1) for j in range (ndim)
if strides[j] <= 0)
imax = sum(strides[j]* (shape[j]l-1) for j in range (ndim)

if strides[j] > 0)

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

PIL-R#E: ek, SREFIFREBE

B T HEMIZ 4h, PIL KA IR IR P AL & dR 5L, WA R Bl X Sedg 41 A e B iR 4E L B —A~oe & . i
wn, W =4k CIESH4L char v([2] (2] [3] AIPABIER M8 2 A~ 45 2 4484 char
(*v[2])[2][3]. fTEFmMEERARY, X DIEE v AR ATEbuL FFL, 8PS ] DAL T N AFAT AR
¥ RY char x[21 (3] (4.

Here is a function that returns a pointer to the element in an N-D array pointed to by an N-dimensional index when
there are both non-NULL strides and suboffsets:

void *get_item_pointer (int ndim, wvoid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

char *pointer = (char*)buf;
int i;
for (i = 0; i < ndim; i++) |

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

}

return (void*)pointer;
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7.6.4 ZhRBERER

int PyObject_CheckBuffer (PyObject *obj)
W2 obj SERFZEP X B L, WLR[E] 1, FBIRE] 0. R[] 1 REARUEPYObject _GetBuffer () —
SET o AR R T A

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
6] 4 s 5 A2 ACIRTIOR, #5IR flags $8 € M INAIEIE view. QR i1 8 P A RESR LR A U Y 22
WX, sbMfihik PyExc_BufferError, WH view—>o0b3j A NULL Ffik[E -1,
ST, B view, K view—>obj BN exporter BIHTTIH], FFiRIE 0. MEEX G nh KERHERR T
FEEOREE 1B XRES, view—>o0bj AIPAG| HIZXTRITAIE exporter (5025 o X3 745 #).
PyObject_GetBuffer () Wi 5PyBuffer Release () [T, T malloc () Fl
free (). M, HHEBRETFHTEMNIX)G, PyBuffer Release () WhAURIERETEH—IK.

void PyBuffer_ Release (Py_buffer *view)
PR R X view F 3B view—>o0b] M5 T, %R AHE e vh KON P I B A RETR T, 45
IR BB A AR5 M o

PR B X i XA @ ifid Pyobject _GetBuffer () 3RIGH), s,

Py_ssize_t PyBuffer_SizeFromFormat (const char *)
Return the implied i temsize from format. This function is not yet implemented.

int PyBuffer_IsContiguous (Py_buffer *view, char order)
R view F X HTER C X% (order 3 'C ') BY Fortran X% (order 2 'F ') contiguous 8{ H 127
— (order J& 'A"), WERME] 1, FHWERME] 0. 1ZPREUE S

void* PyBuffer_GetPointer (Py_buffer *view, Py_ssize_t *indices)

IREUZEAE view NI indices FT g 1a) I INAFEIXI . indices Wi 1A —A> view—>ndim 5| %4 .

int PyBuffer_ FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
M buf ZHITESE len F-H5F)] view o fort AP 'C B 'F Y (EF ¢ RA#EE Fortran R
WHRF). BB E 0, SSERENRE -1,

int PyBuffer ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
M sre Bl len FATE] buf , WUNTES T EHRIER . order MPAJE "C B 'F B AT (PR T
C N#. Fortran MAEWIFHAEFEE ). RIYHREE 0, HAESHHRR -1,

2R len \= src->len W R BCRF AL o

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides,
int itemsize, char order)

F 2 B TEAR R contiguous TFATEREZH (UNIR order 2k *C ' MK C XA&, TSR order 2y "F ' WA Fortran
WAE) SRIEFE strides B4, R ICRBA G E I TFAEL

int PyBuffer FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly,

int flags)

HF R o KK, %S HARTF BEREERINHK len 18 buf |, FHARE readonly % B W] 5.
bug BEfRREN — DT F)F51 .
SR flags Fon il KIZEBL . % REUR 24 I flag F8 € NI A view, [RIE buf 8 K, IFH
flag B T PyBUF_WRITABLE Ffi& .
I, KB view—>0bi N exporter WIS, FFi&[E 0. HN, 5|k PyExc_BufferError ,
¥ view—>o0bj ol NULL, FHik[E -1,
WS R B A Egetbufferproc 1—R 5, W exporter Wi RS, I B e RAE v I Bl
i flags, TN, exporter LLJF /& NULL,
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7.7 |BE Y

3.0 fiUs ERER.

X LR Python 2 H “IHZ P APL BIZLRES /. 7E Python 3 i, P CARAFAE, [HIXLEpR
BARE A FFLAERAE 2.x (ARG . BT AR 22 0F sl AR ERS, HEMIFAREZE PR
HH PR ) AR ARt T S R ) A i o 4
W, IR M Pyobject_GetBuffer () (MAMLGPyArg_ParseTuple () MEURMEM v* B w*
1% X)) KR — X RA K, ARG AT YO A PyBuf fer Release ().
int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
AR [l —AN g ) o] AR TR0 A RS N AE L 85T . obf SRR B T A vz 11
ISR O, Kf buffer W NFFHIIETFFf buffer_len BN Gt XA . IR ] -1 B —A4>
TypeError,
int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
A [ —ANF a4 oA B AR 1) N i FR 5. ol SR SR LB AT BEGe i 1 o U
IR IE] O, Rf buffer B WAFHBIETE RS buffer_len By G KA. AR IR 1] -1 FFCE—4>
TypeError,
int PyObject_CheckReadBuffer (PyObject *0)
W o TFF BB uh i IGR ] 1, FIGRE 0. MEREUEE S MIhIT.
T MR E S 22RO R — AR b X, I HAEVR X R R EIOM ) % A= 1) S s et . 24K
BUEAR RS M N S PyOb ject_GetBuffer (),
int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
AR | —ANFE 1] W] H A FE B o obj SRR FABC AT Zenifie 1. IR ] 0, o buffer ¥ h
WAFHIAE TR buffer_len B IX KB . I R[] -1 FF X E—4> TypeError.,
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BEFRRE

A P 1 R BURR E T 28 Python X2, BRI S A EA AR — N B WREMN
Python FEJF AL E|— T4, (BAHE T B EHA IEFAEAL, M Se AT RA0 A Bilhn, 2K
TR G NTFH, A PyDict _Check (). AREMLEFIZAT Python XM “FKigh .

B BARARTPAR RS P A AL AR R RAL, (R H P VFL B A B AR R IE
34 NULL, FRiffE A NULL A B8 SN AT ) S RIS A S B 28 1

8.1 BEAMR

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

8.1.1 AEIWKR

PyTypeObject
WG C 4544 H T4A built-in 2854,
PyObject* PyType_Type
SRR T type X410 type object, E7E Python J2T Al type AR,
int PyType_Check (PyObject *0)
MRS 0 B—DRADNS, WIEHRTIRMERAN R RASLG], REE. EHEA L TIR
I
int PyType_CheckExact (PyObject *o)
WERXSR 0 R—RASR, (B IMELRIN R 1AM, REE. TEHE AL TR B M.
unsigned int PyType_ClearCache ()
Clear the internal lookup cache. Return the current version tag.

unsigned long PyType_GetFlags (PyTypeObject* type)
Return the t p_ £ 1ags member of type. This function is primarily meant for use with Py_LIMITED_API; the
individual flag bits are guaranteed to be stable across Python releases, but access to tp_flags itself is not
part of the limited API.

3.2 B fE.
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TE 3.4 {4 The return type is now unsigned long rather than 1ong.

void PyType_Modified (PyTypeObject *type)
Invalidate the internal lookup cache for the type and all of its subtypes. This function must be called after any
manual modification of the attributes or base classes of the type.

int PyType_HasFeature (PyTypeObject *o, int feature)
Return true if the type object o sets the feature feature. Type features are denoted by single bit flags.

int PyType_IS_GC (PyTypeObject *o)
Return true if the type object includes support for the cycle detector; this tests the type flag
Py TPFLAGS_HAVE_ GC.

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Return true if a is a subtype of b.

This function only checks for actual subtypes, which means that ___subclasscheck__ () is not called on
b. Call PyObject_IsSubclass () todo the same check that issubclass () would do.

PyObject* PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. Generic handler for the tp_alloc slot of a type object. Use Python’s default
memory allocation mechanism to allocate a new instance and initialize all its contents to NULL.

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. Generic handler for the tp_new slot of a type object. Create a new instance
using the type’s tp_alloc slot.

int PyType_Ready (PyTypeObject *type)
Finalize a type object. This should be called on all type objects to finish their initialization. This function is
responsible for adding inherited slots from a type’s base class. Return 0 on success, or return —1 and sets an
exception on error.

void* PyType_GetSlot (PyTypeObject *type, int slot)
Return the function pointer stored in the given slot. If the result is NULL, this indicates that either the slot is
NULL, or that the function was called with invalid parameters. Callers will typically cast the result pointer into
the appropriate function type.

See PyType_Slot.slot for possible values of the slot argument.

An exception is raised if fype is not a heap type.

3.4 B fE.

Creating Heap-Allocated Types

The following functions and structs are used to create heap types.

PyObject* PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
Return value: ~ New reference. Creates and returns a heap type object from the spec
(Py_TPFLAGS _HEAPTYPE).

If bases is a tuple, the created heap type contains all types contained in it as base types.

If bases is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead.
If that also is NULL, the new type derives from object.

This function calls Py Type Ready () on the new type.
3.3 B I HE.

PyObject* PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. Equivalent to PyType_FromSpecWithBases (spec, NULL).

PyType_Spec
Structure defining a type’s behavior.
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const char* PyType_Spec .name
Name of the type, used to set Py TypeObject . tp_name.

int PyType_Spec.basicsize

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

int PyType_Spec. flags
Type flags, used to set PyTypeObject.tp_flags.

If the Py_TPFLAGS_HEAPTYPE flag is not set, Py Type_FromSpecWithBases () sets it auto-
matically.

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

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

int PyType_Slot.slot
A slot ID.

Slot IDs are named like the field names of the structures Py TypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethodsand PyAsyncMethods withan added Py__ prefix.
For example, use:

* Py_tp_dealloctoset PyTypeObject.tp_dealloc

* Py_nb_addtoset PyNumberMethods.nb_add

e Py_sqg_lengthtoset PySequenceMethods.sq_length
The following fields cannot be set using Py Type_Spec and PyType_Slot:

s tp_dict

* tp_mro

* tp_cache

* tp_subclasses

* tp weaklist

e tp_print

e tp_weaklistoffset

e tp_dictoffset

* bf getbuffer

* bf releasebuffer

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid issues, use
the bases argument of PyType_FromSpecWithBases () instead.

void *PyType_Slot .pfunc
The desired value of the slot. In most cases, this is a pointer to a function.

May not be NULL.
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8.1.2 None Y&

#7

&, None WJPyTypeObject NEHELE Python/ C API 15 HF. 1T None SZBAB1, AN S ARIH

(£ CHEN == ) 2B T . diTRFERER, ¥ PyNone_Check () B4

PyObject* Py_None

Python None Xf4¢, FRikZ(H. XNXREATE BEREGT VT FEAEHATATH AR5 .

Py_RETURN_NONE

IERRALPER F C BB Py_None ikl (WALZYL, BN None B35 I EIFREE )

8.2 F{EMR

8.2.1 ERBMR

P B BT DA/ N R R 00 ﬁ“ﬁ%‘%ﬁ o

EHEERF, KL% PyLong_As* API 1k REEER) -1, BES BT oK. G
M PyErr Occurred() X4y,

PyLongObject

71 Python BU 4 pyob ject TR,

PyTypeObject PyLong_Type

XANPyTypeObject HYSLHIZ/R Python [H3E42EAL, 5 Python JZ2HiY int MM,

int PyLong_Check (PyObject *p)

MRS E PyLongObject B{PyLongObject W{2H, 1&[A| true ,

int PyLong_CheckExact (PyObject *p)

MR SHET PyLongobject, HAEPyLongObject WAL 0] B .

PyObject* PyLong_FromLong (long v)

Return value: New reference. B v 1R [l — 4~ PyLongObject %4, JMEtR[H] NULL .

The current implementation keeps an array of integer objects for all integers between —5 and 256, when you
create an int in that range you actually just get back a reference to the existing object. So it should be possible
to change the value of 1. I suspect the behaviour of Python in this case is undefined. :-)

PyObject* PyLong_FromUnsignedLong (unsigned long v)

Return value: New reference. i C unsigned long ZRAR[E— 1 HIPyLongObject X4, KRIK
AH& Al NULL .

PyObject* PyLong_FromSsize_t (Py_ssize_tv)

Return value: New reference. )\ C Py_ssize_t BERR B —NHiPyLongObject N4, U KK
3 [a] “NULL*,

PyObject* PyLong_FromSize_t (size_t v)

Return value: New reference. M C size_t iRl — A PyLongObject X4, 5 4 Mg )ik
“NULL*,

PyObject* PyLong_FromLongLong (long long v)

Return value: New reference. M. C long long iR [ —A~#HJPyLongObject W4, MR
6GNULL“

PyObject* PyLong_FromUnsignedLongLong (unsigned long long v)

Return value: New reference. M C unsigned long long iR[E|—/NEiPyLongObject X%, 2k
e hsp ] “NULLS,

PyObject* PyLong_FromDouble (double v)

Return value: New reference. M v BEEEFE R [l — NPy LongObject X4, UNHR 4 )R [=]
“NULL",
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PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. Wit str FAFERAEIR Bl — /N PyLongObject , base 1858 #:%.
H pend NJ& NULL |, /pend Y535 1) sor 1 s iX AN EUF 0 W R TR 85— D45 R base &
0, str ¥${fi [} integers & SORMERE; EXMIHEHN T, —NEZWHHHEH W SE L5k —4
ValueError . QI base Nig 0, ‘BALATE 2 Fl 36 Z[0], FU4F 2 Fl 36, FEEULIIFT 5 A SEF
Z A PHITEME . BT RIS 20 . IS AT, ’51K valueError,

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. i Unicode {7 51544~ Python 3E850(H .

Deprecated since version 3.3, will be removed in version 3.10: |H[¥Py_UNICODE API [—4; 75T
F{Ff PyLong_FromUnicodeObject () »

PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. 54758 u W11 Unicode 07 51544~ Python 3850{H .

3.3 Hge.

PyObject* PyLong_FromVoidPtr (void *p)
Return value: New reference. \158%} p €17—1> Python %, nJPAMF i PyLong_AsvoidpPtr () iR
FaEHE

long PyLong_AsLong (PyObject *obj)
iR [ obj ) C Long k3. W obj ANjgPyLongObject LG, SeldM'ER __index_ ()
B __int_ () 5k CUSRA) FREHE A PyLongObject .

AR obj B 3 T Long M, 24} overflowError,
KAEFEGRINNR] -1 o il PyErs Occurred () RIHE L.
TE 3.8 U Pk WHAR AT AT __index_ ()

38 MUGC G __int_ () CHFM.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
R[] obj 1) C Long FikJrale QSR obj NjgPyLongObject WSH, JelAHER _index_ ()
B __int__ () K AERA) FFHF N PyLongObject .

W obj IE KT LONG_MAX 5{/NT* LONG_MIN, WA *overflow 43 5| # > “1¢ 8 -1, Ha&[A] 1;
I, FF *overflow BN 0o WERAAFAM R, WAL *overflow B2y 0, FFiRIE -1,

RAEREREHRE] -1 . fifPyErr_Occurred () RiHE X,
TE 3.8 JRE M anR ] AR __index_ ().
38 MUGERE: __int_ () E¥iHH.

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

W obj (HiABH long long , fiik OverflowError
KAEEARIHRE] -1 . il PyErr_Occurred () i X,
TE 3.8 U AR AT AR __index_ ().

38 URCERR: __int__ () B8

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Return a C 1long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or __int__ () method (if present) to convertittoa PyLongObject.

If the value of obj is greater than PY_LLONG_MAX or less than PY_LLONG_MIN, set *overflow to 1 or —1,
respectively, and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and
return —1 as usual.

RAERREHRE] -1 . i PyErr_Occurred () KiHE .
3.2 HrhR L EE.
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1E 3.8 CHE R W AT AR __index_ ().
38 MEERE: _int_ () EWHH.

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
iR 8] pylong W) C 155 Py_ssize_t B3, pylong Wiif2PyLongObject BISER.

IR pylong WEEAE T Py_ssize_t MBPUEILEINE&F] % OverflowError,
KAEEIRIHRE] -1 o i PyErr_Occurred () FiHL: L.

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
&[] pylong i) C unsigned long 3. pylong Whii&PyLongObject BISLEH.

R pylong WEBH T unsigned long [WHUEERI£5]% OverflowError.
HAERHR A (unsigned long) -1, WA PyErr_Occurred () FEIEMER.

size_t PyLong_AsSize_t (PyObject *pylong)
R[] pylong W) C &5 size_t B3, pylong WiifdPyLongObject HISEH.

s pylong WEHE L T size_t MHUETERIN 5] % OverflowError,
HAEETIRE] (size_t) -1, WHFIHPyErr Occurred () FREHEHEE.

unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)
1’ [\ pylong i) C 155 unsigned long long JER. pylong Wiil/2PyLongObject HSLH.

W pylong {EARH T unsigned long long WHUEILHEINAE| % OverflowError,
HAERHR Al (unsigned long long) -1, A PyErr Occurred () HREUEHMEE
FE 3.1 R BAE pylong R ES iM% OverflowError, [MiAig TypeError,

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
&[0 obj 1) C unsigned long R#REH . WIR obj AEPyLongObject WISLH, N4 e H H
_index__ () #{_int__ () H¥& (WRAMWIE) $HEAPyLongObject,

If the value of obj is out of range for an unsigned long, return the reduction of that value modulo
ULONG_MAX + 1.

HEERHR ] (unsigned long) -1, HHAHPyErr Occurred () HEHIEAR G,
TE 3.8 MU e AnsRmT R __index__ (),
38 MG RE: __int__ () CHFM.

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
iR obj #) C unsigned long long FREI. W obj NgPyLongObject BYSLH], NI&6
AR __index__ () B _int__ () Jrik (WRAMIE) FHHEAPyLongObject.,

If the value of 0bj is out of range for an unsigned long long, return the reduction of that value modulo
PY_ULLONG_MAX + 1.

HeERHR ] (unsigned long long) -1, HAIfPyErr Occurred () PERER I,
TE 3.8 OB WA AR __index_ ().
38 MG B __int__ () 8.

double PyLong_AsDouble (PyObject *pylong)
iR 8] pylong HJ C i&F double JEE,. pylong Wijij&PyLongObject HISEH.

sk pylong W{EHE T double FYRUETEREIM 5] % OverflowError,
HESEHR M 1.0 , MM PyEre_Occurred () HEHIEMAEH,

void* PyLong_AsVoidPtr (PyObject *pylong)
FF — A~ Python %K pylong ¥ ¥ C & F ) void 5. SR pylong Joyk ¥, W2 il &
OverflowError, iX HB{#IENPyLong FromVoidPtr () AIEMME A —PEER void 35
£t

HESETR ] NULL, R PyErr_Occurred () PERIEARN S,
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8.2.2 RIMKR

Python "1 /R @ AE BB TR . HA Py_False Ml Py_True Wi/R(E. L, 1IEHR
BUEAIM R REAE ] T /R ME. 22, FHIEATH.
int PyBool_Check (PyObject *o)

2k o & PyBool_Type KA, MR [ true,
PyObject* Py_False

Python 1) “False“%f 5 . A ZREAIEM L. BNZEH MG TR E R —FEE T .
PyObject* Py_True

Python [ “True“Xf 5. ZAGIALM V. ERREHEM MGG B .
Py_RETURN_FALSE

MEREGR I Py_False I, FFEHIMERGIHHEL

Py_RETURN_TRUE
MEREGRE] Py_True W, FFEEIMEREIHITEL

PyObject* PyBool_FromLong (long v)
Return value: New reference. 134 v ISEFR(E, IREl—4> Py_True 8{# Py_False HIH5I -

8.2.3 FR¥MMR

PyFloatObject
XA C A pyobject B FHRAMFK A Python iF Fi N 4.
PyTypeObject PyFloat_Type
RXEANET CHRMpyTypeobject U Python ¥ miZRAUR LA, & Python ZTHIFZEM float
A O E
int PyFloat_Check (PyObject *p)
Y SH0e—A C KAlpyFloatobject Bt C KA PyFloatobject K FRAN, RITH,

int PyFloat_CheckExact (PyObject *p)
Y ZHoe—A C KM pyFloatobject HAR CEMpPyFloatobject I TRANF, RI[MIH.

PyObject* PyFloat_FromString (PyObject *str)
Return value: New reference. 1REFFFER sor IEBBE—APyFloatObject, JRIKHHE[E NULL,

PyObject* PyFloat_FromDouble (double v)
Return value: New reference. 34t v fllf#—~PyFloatObject ¥4, KMk [ NULL,

double PyFloat_AsDouble (PyObject *pyfloat)
i 1] —4~ C double U3 pyfloat B N%E. WIS pyfloat A j&—-> Python ¥ i X R (H & B A
__float__ () J5ik, BLITRIFE WA, KF pyfloar Bt l—MEEHL. AR __float_ ()
ARESCNPRE MR 2 index (). ARG, BLIyERR B -1.0, B MIF A E 2
M PyErr_Occurred () M EntEiR.

TE 3.8 R Bl W AT HRAHH __index_ ().

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
Rl —A> pyfloat WZSHY) C double iR, (HEA HIRAG A .

PyObject* PyFloat_GetInfo (void)
Return value: New reference. J&[a]— structseq 20|, Hirp 4274 % float kS . e/ IME R IAE
. BRI float . h — A ERALH .

double PyFloat_GetMax ()
A& 1 5 R AT R AT BRPE s 5 DBL_MAX )y C double .

double PyFloat_GetMin ()
IR 8 e/ NA] KR IH AL IE 7 5.8 DBL_MIN 4 C double ,
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int PyFloat_ClearFreeList ()

TP REOREI S 3 3R 8] TEyA R 1 &R

8.24 FHMR

M C APL %, Python (S HO0H G bl P AN A7 SE BE . — 324 Python A7 (1] (1) Python XF 5%, 734
e — MR IR R BERY C Z5M 4. APLER{E T s AL BRI

FTREHE C &l

i S LAY H X L AR IV A S RO A R IR Bl e K, AR feid “E” AT R Bt
FLNSE ] T #&A APL,

Py_complex
XX Python 52 B0 R IR 40 1) C Z5HA1R . 4 IR 73 Ak B A HION) S 1) ek AR T X 2R 284
SERRAE N ABCE RN E, BT R E SO

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

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

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

Py_complex _Py_c_neg (Py_complex complex)
R FISZHL complex I AE, 1] CKALPy complex RN,

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

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
REIPANEZENTET, H CRABPy complex KiK.
W divisor Rz, I EIREIZEHKE errno S5 EDOM,
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
B[] num [ exp R, I CHBpy complex iR,
A0S num SR 75 H exp RN IESERL, XA AR5 errno iy EDOM,

FREHE Python 3k

PyComplexObject
XA C LA Pryobject HTHAMAK— Python ZHIR .
PyTypeObject PyComplex_Type
XN @ T PyTypeobject 3 Python ZHAUA LB, FE Python ETHHYEI complex 2
/N
MR

int PyComplex_Check (PyObject *p)
MR EWERZ 1 CEABPyComplexObject B3 & C KM PyComplexObject TR, &
.

int PyComplex_CheckExact (PyObject *p)
WREMSER 1 CHRApycomplexObject HAR C EAlPyComplexObject HTHA, iR
EIN=I

80 Chapter 8. &M HRE



The Python/C API, % 3.8.13

PyObject* PyComplex_FromCComplex (Py_complex v)
Return value: New reference. 1R C 258iPy complex WEAE K— 11 Python & 5064 .

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. 1.4 real 1 imag 12 [B|—~#H) C 2B pycomplexObject K4,

double PyComplex_RealAsDouble (PyObject *op)
PA C 2474 double iR[T op HYSEHR.

double PyComplex_ImagAsDouble (PyObject *op)
PA C 2% double iR 1] op [ EHR

Py_complex PyComplex_AsCComplex (PyObject *op)
REIE R op 1) C HPy complex{H.

WA op Rjg—A> Python Z N4, HE2HA __complex_ () H¥E, WHEREILHAMH, *
op ¥4 k—~ Python BHOW 5. U1K __complex_ () AR XIKFEHRZE _ float_ (), W
_ float_ () REXNPEEEESE _ index_ (). WIREM, HHVERRE] —1.0 /FH5%0E.

T 3.8 O HE: QR AT HAFE __index__ ()

8.3 FFIIMER
FF BN 0 BRAEAE B — 5 rint ks 745704 Python i I AORF RO IR 52

8.3.1 bytes %

BT ERESEAN NI IR S RO R, XA 5K TypeError,

PyBytesObject
XFhryobject W§ERBIEKR—1 Python FHTRF 4.

PyTypeObject PyBytes_Type
pyTypeObject KB Python Fi2KA, 1& Python EH'EH bytes @HFAXIR.

int PyBytes_Check (PyObject *0)
WERIR 0 BT IR RECFI RN T HRBA LB, WHRIA true.
int PyBytes_CheckExact (PyObject *0)
WERXSR 0 BT ARG, EARTFI A TRARYLH], WRME true.

PyObject* PyBytes_FromString (const char *v)
Return value: New reference. J{IIIF IR Ml —SPAFAFER v BYRIA A ERH T8R4, RN R [A]
NULL. J£Z v AR[j NULL; EAXPHE.

PyObject* PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. NI A—NPAFAFER v EIAHE HACBE R len T8RS, K
JirpR [] NULL. 403 v o NULL, NIRRT ER X G A2

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. 15—/~ Cprint £ () KA&H) format FFR AT B NS, TTHE 45
S Python “FATER XTI Y K/ NI R M S EUE LA XA JG I F AT RS . AIASBUR I S8 ik C
R HAUE IS formar “FAFER A AR B o SRV T R oA X 45 e
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%5 RiE A LF% FAF -

$C int — T, %ﬂi%‘zﬁj@*’l\ Ci T sl

sd int MY T printf ("sd").f

Su unsigned int FYT printf ("su").t

$1d KA H%4F printf ("s1d").

s1lu unsigned long | #124T printf ("$1u").!

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

Szu size_t MY T printf ("szu").!

%1 int MXMT printf("sim).]

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

$s const char* PA null 2 1F4F100 C FA54H .

$p const void* —A CHREF TS RFRRIE R . BEASEN T print £ ("sp") HE
%ﬁﬁﬁ%?ﬁﬁ 0x J13k, ABRGT-H L print £ W24

TR EIAS X FAF 2 FECRAR TR/ B R I WR AR B R 2R 8, I EFIA 24
M.

PyObject* PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 5 PyBytes_FromFormat () 5e4fE, BT EFENISE.

PyObject* PyBytes_FromObject (PyObject *o)
Return value: New reference. 12 [A| 537~ SEILZE i KPS X 42 *0%,

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

Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
FIMAK)PyBytes_Size () (@R ARG .

char* PyBytes_AsString (PyObject *0)
REIXTR. o (N FE £ WTE’%JFTEVU o MNERZMIX, HPfE len (o) + 1L DFY. ZifIX
I E— NP RS, NE R A AT R E A T ‘fﬁﬁﬁ/iﬂ%ﬂkﬂi, l}é}ﬂl?mﬂ'
ffiff] PyBytes_ FromStringAndSLZe(NULL size) BIEHZN % . BARTBREEE. W o
AR RS, WpyBytes AsString () #fiR[A] NULL 5|k TypeError.

char* PyBytes_AS_STRING (PyObject *string)
FIRAR PyBytes_AsString () AN DA .

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
% AR buffer Fil length 3R [B] DA null Sy 2% (EFFIXTS obj BN % .

WS length ) NULL, FATHEXN LM AEE AN FI; WREE, WZREE R -1 5] %

ValueError,

BGEMIX IR obj NG, ERMRRBEE—MEOMYZETFT (RBTE length 2471 ) . AR AT
WAL HoR G, BIER NI PyBytes_FromStringAndSize (NULL, size) FIE&X)
Zo EANIBHIEEHC . AR obj AN — D FATHXIGR, WpyBytes AsStringAndSize ()
FrR 1A -1 H5] % TypeError,

TF 3.5 BCEM: PART, JFEWERNETHEIMMANS ZHERE| L TypeError,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
1E *bytes HRIEFTH)FATERRSR, HAB @SB bytes ¥ newpart () NZS; i & R A0 195
o Xt bytes JSAER S| HIREEC ] o QSR TCIEQIEERTR S, X bytes BYIHT R4 258 H. *bytes 1)
ERFBER R NULL; R0 B 24 1 53

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
1E *bytes g{ﬁd@%ﬁﬂ@?ﬁ%ﬁ%, HA G ETRINE bytes 1¥) newpart NS . MHA W newpart
5 T

DX EBUIAE (d, u, 1d, Lo, zd, zu, i, x) MEEHUREER, O F bR AR .

82 Chapter 8. &M HRE



The Python/C API, % 3.8.13

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

BRI — RO 3, BIMEHCS ARSI 47 . 7 sSUUN TR B i AR 4
ST HRAEACHD A FC AR 2 E U al G b7 2o AR A5 1 HR O R 5 RO S — A
B BRECRHR S . A DA T IR RAHAEAE R value (ETTRESBITE A ), I AAEHIH
Koo IR, *bytes FATHBAL K/ FHATERXTGIFR 0] 05 *bytes s hik ] 25 Hobig A{H
Ao AR IECRI, W *bytes TR JFATH U SR PAREI M BL, *bytes XPBN NULL, [d] i

XHE MemoryError Hik[H -1,

8.3.2 FHMAMR

PyByteArrayObject
XA~PyObject B FIRMFIR—> Python P AR .

PyTypeObject PyByteArray_ Type

Python bytearray Z5FIZE /R NPy TypeObject MSLH]; X5 Python 2T ) bytearray & 4H [ KX

o

KEEE

M

int PyByteArray_Check (PyObject *o)

XL 0 e TR RN Hog— A>T R R RSB, R A
int PyByteArray_CheckExact (PyObject *0)

XL 0 =T IHANR, (ARR— TR TR BB, R EE,

Ef= APl BE

PyObject* PyByteArray_FromObject (PyObject *o)

Return value: New reference. FRYBARASEIN T 22 iF R0 BINTE o, R W — P BT 42 .

PyObject* PyByteArray_ FromStringAndSize (const char *string, Py_ssize_t len)

Return value: New reference. Wil string e FAC & len A1 78— N7 Y bytearray X} 42, 24 4k IR [5]

NULL,

PyObject* PyByteArray Concat (PyObject *a, PyObject *b)
Return value: New reference. JEREFTH a 1 b IR Bl — A 45 R HT T 504 .

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
TERIAE NULL 468451 f51R 0] bytearray fR/)N.

char* PyByteArray_AsString (PyObject *bytearray)

FERIAL NULL 885l [0 Ff byrearray iR 18] — AN FAFEAL. 3R ml (B2 S IR — A BA ) 25

T

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)

FF bytearray ) INFF 0 DX R/ NIEE A len.,

M}

XEE AR 2 PE DA RE , AT A SRS .
char* PyByteArray_AS_STRING (PyObject *bytearray)
C ¥ (PyByteArray AsString () WZEHAS,

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
C ¥ pyByteArray Size () BIZERA .
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8.3.3 Unicode & F04mtE /26028
Unicode &

1A python3.3 52 T ipep:393 BAJ, Unicode %47 Mo FI 46 Fh A Bk, AR AR O 170 H
R AL B2 e ) Unicode /5. XA FOLACHOIET 128, 256 5 65536 MO, 47— Rkl
Pl EwW, A ST 1114112 (X A2 581 Unicode i1 ) .

Py UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE * representation is deprecated and inefficient.

Due to the transition between the old APIs and the new APIs, Unicode objects can internally be in two states depending
on how they were created:

» “canonical” Unicode objects are all objects created by a non-deprecated Unicode API. They use the most
efficient representation allowed by the implementation.

e "legacy” Unicode objects have been created through one of the deprecated APIs (typically
PyUnicode_FromUnicode ()) and only bear the Py UNICODE* representation; you will have to
call PyUnicode READY () on them before calling any other API.

{Ef#: The legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode objects will
be “canonical” since then. See PEP 623 for more information.

Unicode 3#Y

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

Py_UCS4

Py_UCS2

Py_UCS1
These types are typedefs for unsigned integer types wide enough to contain characters of 32 bits, 16 bits and 8
bits, respectively. When dealing with single Unicode characters, use Py UCS4.

3.3 B .

Py_UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.

F£ 3.3 L In previous versions, this was a 16-bit type or a 32-bit type depending on whether you selected
a "narrow” or "wide” Unicode version of Python at build time.

PyASCIIObject

PyCompactUnicodeObject

PyUnicodeObject
These subtypes of PyOb ject represent a Python Unicode object. In almost all cases, they shouldn’t be used
directly, since all API functions that deal with Unicode objects take and return PyOb ject pointers.

3.3 BRI HE.
PyTypeObject PyUnicode_Type
This instance of Py TypeOb ject represents the Python Unicode type. It is exposed to Python code as st r.

The following APIs are really C macros and can be used to do fast checks and to access internal read-only data of
Unicode objects:

int PyUnicode_Check (PyObject *0)
Return true if the object o is a Unicode object or an instance of a Unicode subtype.

int PyUnicode_CheckExact (PyObject *0)
Return true if the object o is a Unicode object, but not an instance of a subtype.
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int PyUnicode_READY (PyObject *0)
Ensure the string object o is in the "canonical” representation. This is required before using any of the access
macros described below.

Returns 0 on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 BRI HE.

Deprecated since version 3.10, will be removed in version 3.12: This API will be removed with
PyUnicode_FromUnicode ().

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *0)
Return the length of the Unicode string, in code points. o has to be a Unicode object in the “canonical”
representation (not checked).

3.3 B fE.

Py_UCSI* PyUnicode_1BYTE_DATA (PyObject *0)

Py_UCS2* PyUnicode_2BYTE_DATA (PyObject *0)

Py_UCS4* PyUnicode_4BYTE_DATA (PyObject *o)
Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use

PyUnicode_KIND () to select the right macro. Make sure PyUnicode_READY () has been called be-
fore accessing this.

3.3 B fE.

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

Return values of the PyUnicode KIND () macro.

3.3 FriR e
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND is deprecated.

int PyUnicode_KIND (PyObject *0)
Return one of the PyUnicode kind constants (see above) that indicate how many bytes per character this Uni-
code object uses to store its data. o has to be a Unicode object in the “canonical” representation (not checked).

3.3 B fE.

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

3.3 B fE.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
Write into a canonical representation data (as obtained with PyUnicode_DATA ()). This macro does not
do any sanity checks and is intended for usage in loops. The caller should cache the kind value and data pointer
as obtained from other macro calls. index is the index in the string (starts at 0) and value is the new code point
value which should be written to that location.

3.3 BRI HE.

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
Read a code point from a canonical representation data (as obtained with PyUnicode_DATA ()). No checks
or ready calls are performed.

3.3 B .

Py_UCS4 PyUnicode_READ_CHAR (PyObject *o, Py_ssize_t index)
Read a character from a Unicode object o, which must be in the “canonical” representation. This is less efficient
than PyUnicode_READ () if you do multiple consecutive reads.
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3.3 BRI HE.

PyUnicode_MAX_CHAR_VALUE (0)
Return the maximum code point that is suitable for creating another string based on o, which must be in the
”canonical” representation. This is always an approximation but more efficient than iterating over the string.

3.3 B fE.
int PyUnicode_ClearFreeList ()
THERNR . R W FrRE ) 2% H 4L
Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py_ UNICODE representation, in code units (this includes surrogate pairs as
2 units). o has to be a Unicode object (not checked).

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode GET_LENGTH().

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *o)
Return the size of the deprecated Py_ UNICODE representation in bytes. o has to be a Unicode object (not
checked).

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode GET_LENGTH().

Py_UNICODE* PyUnicode_AS_UNICODE (PyObject *0)

const char* PyUnicode_AS_DATA (PyObject *0)
Return a pointer to a Py_ UNICODE representation of the object. The returned buffer is always terminated
with an extra null code point. It may also contain embedded null code points, which would cause the string to
be truncated when used in most C functions. The AS_DATA form casts the pointer to const char *. The
o argument has to be a Unicode object (not checked).

1F 3.3 i S 2: This macro is now inefficient -- because in many cases the Py_UNICODE representa-
tion does not exist and needs to be created -- and can fail (return NULL with an exception set). Try to
port the code to use the new PyUnicode_nBYTE_DATA () macros or use PyUnicode WRITE () or
PyUnicode_READ ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please
migrate to using the PyUnicode_nBYTE_DATA () family of macros.

Unicode & E

Unicode provides many different character properties. The most often needed ones are available through these macros
which are mapped to C functions depending on the Python configuration.

int Py_UNICODE_ISSPACE (Py_UNICODE ch)
Return 1 or 0 depending on whether c# is a whitespace character.

int Py_UNICODE_ISLOWER (Py UNICODE ch)
Return 1 or 0 depending on whether ch is a lowercase character.

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

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

int Py_UNICODE_ISLINEBREAK (Py_UNICODE ch)
Return 1 or 0 depending on whether c# is a linebreak character.

int Py_UNICODE_ISDECIMAL (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a decimal character.

int Py _UNICODE_ISDIGIT (Py_UNICODE ch)
Return 1 or 0 depending on whether c# is a digit character.
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int Py_UNICODE_ISNUMERIC (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a numeric character.

int Py _UNICODE_ISALPHA (Py_ UNICODE ch)
Return 1 or 0 depending on whether ch is an alphabetic character.

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

int Py_UNICODE_ISPRINTABLE (Py_UNICODE ch)
Return 1 or 0 depending on whether c# is a printable character. Nonprintable characters are those characters
defined in the Unicode character database as ”"Other” or ”Separator”, excepting the ASCII space (0x20) which
is considered printable. (Note that printable characters in this context are those which should not be escaped
when repr () is invoked on a string. It has no bearing on the handling of strings written to sys . stdout
or sys.stderr.)

These APIs can be used for fast direct character conversions:

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

3.3 {5 EL #8048 This function uses simple case mappings.

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

3.3 it )5 E#Z 4 This function uses simple case mappings.

Py _UNICODE Py_UNICODE_TOTITLE (Py UNICODE ch)
Return the character ch converted to title case.

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

int Py_UNICODE_TODECIMAL (Py_UNICODE ch)
Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro
does not raise exceptions.

int Py _UNICODE_TODIGIT (Py_UNICODE ch)
Return the character ch converted to a single digit integer. Return -1 if this is not possible. This macro does
not raise exceptions.

double Py_UNICODE_TONUMERIC (Py_UNICODE ch)
Return the character ch converted to a double. Return —1 . 0 if this is not possible. This macro does not raise
exceptions.

These APIs can be used to work with surrogates:

Py _UNICODE_IS_SURROGATE (ch)
Check if ch is a surrogate (0xD800 <= ch <= O0xDFFF).

Py _UNICODE_IS_HIGH_SURROGATE (ch)
Check if ch is a high surrogate (0xD800 <= ch <= O0xDBFF).

Py_UNICODE_IS_LOW_SURROGATE (ch)
Check if ch is a low surrogate (0xDC0O0 <= ch <= 0xDFFF).

Py_UNICODE_JOIN_SURROGATES (high, low)
Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the leading
and trailing surrogates in a surrogate pair.
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Creating and accessing Unicode strings

To create Unicode objects and access their basic sequence properties, use these APIs:

PyObject* PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)

Return value: New reference. Create a new Unicode object. maxchar should be the true maximum code point
to be placed in the string. As an approximation, it can be rounded up to the nearest value in the sequence 127,
255, 65535, 1114111.

This is the recommended way to allocate a new Unicode object. Objects created using this function are not
resizable.

3.3 B fE.

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

Return value: New reference. Create a new Unicode object with the given kind (possible values are
PyUnicode_1BYTE_KIND etc., as returned by PyUnicode_KIND ()). The buffer must point to an
array of size units of 1, 2 or 4 bytes per character, as given by the kind.

3.3 B fE.

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

Return value: New reference. Create a Unicode object from the char buffer u. The bytes will be interpreted as
being UTF-8 encoded. The buffer is copied into the new object. If the buffer is not NULL, the return value
might be a shared object, i.e. modification of the data is not allowed.

If u is NULL, this function behaves like PyUnicode_FromUnicode () with the buffer set to NULL. This
usage is deprecated in favor of PyUnicode_New (), and will be removed in Python 3.12.

PyObject *PyUnicode_FromString (const char *u)

Return value: New reference. Create a Unicode object from a UTF-8 encoded null-terminated char buffer u.

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

Return value: New reference. Take a C print £ () -style format string and a variable number of arguments,
calculate the size of the resulting Python Unicode string and return a string with the values formatted into it.
The variable arguments must be C types and must correspond exactly to the format characters in the format
ASClII-encoded string. The following format characters are allowed:
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%% i€ ) LF % FAF o

% int AR, Rk C i%%é’ﬂi@%ﬂo

5d int EEs printf("gd")

Su unsigned int FYT printf ("su").!

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

$1i KR 4T printf ("s1i").

$1u unsigned long MX4T printf ("s1u").!

$11d long long MY T printf("s11d") .t

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

$11lu unsigned long long M4 T printf("s11u").!

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

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

$zu size_t MX4T printf ("szu").!

$i int MY T printf("sim). T

$x int MY T printf ("%$x").!

$s const char* PA null S92 FAFH) C 457504

Sp const void* —A~ C 551 +/\J_%J%:z/T B EASENT
printf ("sp") HEXHHRATIE 0x Ik, MERE
ik printf A4

SA PyObject* ascii () FEHMSR.

$U PyObject* A Unicode object.

SV PyObject*, const char* | A Unicode object (which may be NULL) and a null-terminated C
character array as a second parameter (which will be used, if the
first parameter is NULL).

%S PyObject* The result of calling PyObject_Str().

%R PyObject* The result of calling PyObject_Repr ().

An unrecognized format character causes all the rest of the format string to be copied as-is to the result string,
and any extra arguments discarded.

{Ef#:  The width formatter unit is number of characters rather than bytes. The precision formatter unit is
number of bytes for "%$s" and "$V" (if the PyObject* argument is NULL), and a number of characters
for "S$A", "$U", "$S", "$R" and "$V" (if the PyObject* argument is not NULL).

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

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

PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. Decode an encoded object obj to a Unicode object.

bytes, bytearray and other bytes-like objects are decoded according to the given encoding and using the
error handling defined by errors. Both can be NULL to have the interface use the default values (see Built-in
Codecs for details).

All other objects, including Unicode objects, cause a TypeError to be set.
The API returns NULL if there was an error. The caller is responsible for decref’ing the returned objects.

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Return the length of the Unicode object, in code points.

! For integer specifiers (d, u, 1d, 1i, lu, 11d, 11i, Ilu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.
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3.3 BRI HE.

Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from,
Py_ssize_t from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when
necessary and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise
returns the number of copied characters.

3.3 Bl HiE.

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
Fill a string with a character: write fill_char into unicode [start:start+length].
Fail if fill_char is bigger than the string maximum character, or if the string has more than 1 reference.

Return the number of written character, or return —1 and raise an exception on error.
3.3 B .

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Write a character to a string. The string must have been created through PyUnicode_New (). Since Unicode
strings are supposed to be immutable, the string must not be shared, or have been hashed yet.

This function checks that unicode is a Unicode object, that the index is not out of bounds, and that the object
can be modified safely (i.e. that it its reference count is one).

3.3 B RE.

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Read a character from a string. This function checks that unicode is a Unicode object and the index is not out
of bounds, in contrast to the macro version PyUnicode READ_CHAR ().

3.3 B fE.

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

3.3 B RE.

Py_UCS4* PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
Copy the string u into a UCS4 buffer, including a null character, if copy_null is set. Returns NULL and sets an
exception on error (in particular, a SystemError if buflen is smaller than the length of u). buffer is returned
on success.

3.3 B RE.

Py_UCS4* PyUnicode_AsUCS4Copy (PyObject *u)
Copy the string u into a new UCS4 buffer that is allocated using PyMem_Malloc (). If this fails, NULL is
returned with a MemoryError set. The returned buffer always has an extra null code point appended.

3.3 B fE.

Deprecated Py_UNICODE APlIs

Deprecated since version 3.3, will be removed in version 3.12.

These API functions are deprecated with the implementation of PEP 393. Extension modules can continue using
them, as they will not be removed in Python 3.x, but need to be aware that their use can now cause performance and
memory hits.

PyObject* PyUnicode_FromUnicode (const Py_UNICODE *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the Py_UNICODE buffer u of the given size. u
may be NULL which causes the contents to be undefined. It is the user’s responsibility to fill in the needed data.
The buffer is copied into the new object.
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If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the resulting
Unicode object is only allowed when u is NULL.

If the buffer is NULL, PyUnicode_READY () must be called once the string content has been filled before
using any of the access macros such as PyUnicode_ KIND ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API,
please migrate to using PyUnicode_FromKindAndData (), PyUnicode_FromWideChar (), or
PyUnicode_New ().

Py_UNICODE* PyUnicode_AsUnicode (PyObject *unicode)
Return a read-only pointer to the Unicode object’s internal Py UNICODE buffer, or NULL on error. This will
create the Py_ UNTCODE * representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py_ UNICODE string may also contain embedded null
code points, which would cause the string to be truncated when used in most C functions.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.

Deprecated since version 3.3, will be removed in version 3.10.

PyObject* PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Create a Unicode object by replacing all decimal digits in Py_ UNICODE buffer
of the given size by ASCII digits 0--9 according to their decimal value. Return NULL if an exception occurs.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNTCODE API; please
migrate to using Py_ UNICODE_TODECIMAL ().

Py_UNICODE* PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode_AsUnicode (), but also saves the Py_ UNICODE () array length (excluding the extra
null terminator) in size. Note that the resulting Py UNICODE * string may contain embedded null code points,
which would cause the string to be truncated when used in most C functions.

3.3 B fE.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.

Py_UNICODE* PyUnicode_AsUnicodeCopy (PyObject *unicode)
Create a copy of a Unicode string ending with a null code point. Return NULL and raise a MemoryError
exception on memory allocation failure, otherwise return a new allocated buffer (use PyMem_Free () to free
the buffer). Note that the resulting Py_ UNTICODE * string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.2 FriR e
Please migrate to using PyUnicode_AsUCS4Copy () or similar new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Return the size of the deprecated Py_ UNICODE representation, in code units (this includes surrogate pairs as
2 units).

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode GET_LENGTH().

PyObject* PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Copy an instance of a Unicode subtype to a new true Unicode object if necessary.
If obj is already a true Unicode object (not a subtype), return the reference with incremented refcount.

Objects other than Unicode or its subtypes will cause a TypeError.
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Locale Encoding

The current locale encoding can be used to decode text from the operating system.

PyObject* PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t len, const char *errors)

Return value: New reference. Decode a string from UTF-8 on Android and VxWorks, or from the current locale
encoding on other platforms. The supported error handlers are "strict" and "surrogateescape"
(PEP 383). The decoder uses "strict" error handler if errors is NULL. str must end with a null character
but cannot contain embedded null characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
S

The Py_DecodeLocale () function.

3.3 B fE.

TE 3.7 BB B: The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py_DecodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.

PyObject* PyUnicode_DecodeLocale (const char *str, const char *errors)

Return value: New reference. Similar to PyUnicode_DecodeLocaleAndSize (), but compute the
string length using strlen ().

3.3 BRI HE.

PyObject* PyUnicode_EncodelLocale (PyObject *unicode, const char *errors)

Return value: New reference. Encode a Unicode object to UTF-8 on Android and VxWorks, or to the current lo-
cale encoding on other platforms. The supported error handlers are "strict" and "surrogateescape"
(PEP 383). The encoder uses "strict" error handler if errors is NULL. Return a bytes object. unicode
cannot contain embedded null characters.

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding
(the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
S

The Py_EncodeLocale () function.

3.3 FRIIHE.

TE 3.7 B3 B0: The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py_EncodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.

File System Encoding

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should
be used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler
(PEP 383 and PEP 529). To encode file names to bytes during argument parsing, the "O&" converter should be
used, passing PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject* obj, void* result)

ParseTuple converter: encode str objects -- obtained directly or through the os.PathLike interface --
to bytes using PyUnicode_EncodeFSDefault (); bytes objects are output as-is. result must be a
PyBytesOb ject * which must be released when it is no longer used.

3.1 B RE.
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T 3.6 MUHE IR 3252 —~path-like object ,

To decode file names to str during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:

int PyUnicode_FSDecoder (PyObject* obj, void* result)
ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through the os.
PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize (); str objects are
output as-is. result must be a PyUnicodeObject * which must be released when it is no longer used.

3.2 iR IIse.
TE 3.6 RS 52— path-like object ,

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. Decode a string using Py_FileSystemDefaultEncoding and the
Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().

S W
The Py _DecodelLocale () function.
FE 3.6 fRHE P Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Decode a null-terminated stringusing Py_FileSystemDefaultEncoding
and the Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
JE 3.6 fREE L Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Encode a Unicode object to Py_FileSystemDefaultEncoding with the
Py_FileSystemDefaultEncodeErrors error handler, and return bytes. Note that the resulting
bytes object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to encode a string to the current locale encoding, use
PyUnicode_EncodeLocale ().

S W
The Py_EncodeLocale () function.
3.2 FhRE.

JE 3.6 fJREEL: Use Py_FileSystemDefaultEncodeErrors error handler.
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wchar_t Support

wchar_t support for platforms which support it:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the wchar_t buffer w of the given size. Passing
-1 as the size indicates that the function must itself compute the length, using weslen. Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)
Copy the Unicode object contents into the wchar_t buffer w. At most size wchar_t characters are copied
(excluding a possibly trailing null termination character). Return the number of wchar_t characters copied
or —1 in case of an error. Note that the resulting wchar_t* string may or may not be null-terminated. It is
the responsibility of the caller to make sure that the wchar_t * string is null-terminated in case this is required
by the application. Also, note that the wchar_t * string might contain null characters, which would cause the
string to be truncated when used with most C functions.

wchar_t* PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
Convert the Unicode object to a wide character string. The output string always ends with a null character. If
size is not NULL, write the number of wide characters (excluding the trailing null termination character) into
*size. Note that the resulting wchar_t string might contain null characters, which would cause the string
to be truncated when used with most C functions. If size is NULL and the wchar_t* string contains null
characters a ValueError is raised.

Returns a buffer allocated by PyMem_Alloc () (use PyMem Free () to free it) on success. On error,
returns NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

3.2 B .

TE 3.7 iU P Raises a ValueError if size is NULL and the wchar_t * string contains null characters.
g

Built-in Codecs

Python provides a set of built-in codecs which are written in C for speed. All of these codecs are directly usable via
the following functions.

Many of the following APIs take two arguments encoding and errors, and they have the same semantics as the ones
of the built-in st () string object constructor.

Setting encoding to NULL causes the default encoding to be used which is ASCII. The file sys-
tem calls should use PyUnicode_FSConverter () for encoding file names. This uses the variable
Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some sys-
tems, it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes
setlocale).

Error handling is set by errors which may also be set to NULL meaning to use the default handling defined for the
codec. Default error handling for all built-in codecs is strict” (ValueError is raised).

The codecs all use a similar interface. Only deviation from the following generic ones are documented for simplicity.

Generic Codecs

These are the generic codec APIs:

PyObject* PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the encoded string s. encoding
and errors have the same meaning as the parameters of the same name in the str () built-in function. The
codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the
codec.

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *er-

rors)
Return value: New reference. Encode a Unicode object and return the result as Python bytes object. encoding
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and errors have the same meaning as the parameters of the same name in the Unicode encode () method.
The codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised
by the codec.

PyObject* PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding, const

char *errors)
Return value: New reference. Encode the Py UNICODE buffer s of the given size and return a Python bytes

object. encoding and errors have the same meaning as the parameters of the same name in the Unicode
encode () method. The codec to be used is looked up using the Python codec registry. Return NULL if an
exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API,; please
migrate to using PyUnicode_AsEncodedString().

UTF-8 Codecs

These are the UTF-8 codec APIs:

PyObject* PyUnicode_DecodeUTF8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the UTF-8 encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTFS8 (). If con-

sumed is not NULL, trailing incomplete UTF-8 byte sequences will not be treated as an error. Those bytes will
not be decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Encode a Unicode object using UTF-8 and return the result as Python bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
Return a pointer to the UTF-8 encoding of the Unicode object, and store the size of the encoded representation
(in bytes) in size. The size argument can be NULL; in this case no size will be stored. The returned buffer always
has an extra null byte appended (not included in size), regardless of whether there are any other null code points.

In the case of an error, NULL is returned with an exception set and no size is stored.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a
pointer to the same buffer. The caller is not responsible for deallocating the buffer.

3.3 Frihse.
JE 3.7 IR B The return type is now const char * rather of char *.

const char* PyUnicode_AsUTF8 (PyObject *unicode)
As PyUnicode_ AsUTF8AndSize (), but does not store the size.

3.3 Frihfe.
JE 3.7 IR The return type is now const char * rather of char *.

PyObject* PyUnicode_EncodeUTF8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_ UNTICODE buffer s of the given size using UTF-8 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE
API; please migrate to using PyUnicode AsUTF8String (), PyUnicode AsUTF8AndSize () or
PyUnicode_AsEncodedString ().
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UTF-32 Codecs

These are the UTF-32 codec APIs:

PyObject* PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Decode size bytes from a UTF-32 encoded buffer string and return the corre-
sponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to "strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first four bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorder is
-1 or 1, any byte order mark is copied to the output.

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors,

int *byteorder, Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF32 (). If con-

sumed is not NULL, PyUnicode_DecodeUTF32Stateful () will not treat trailing incomplete UTF-32
byte sequences (such as a number of bytes not divisible by four) as an error. Those bytes will not be decoded
and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. Return a Python byte string using the UTF-32 encoding in native byte order. The
string always starts with a BOM mark. Error handling is “strict”. Return NULL if an exception was raised by
the codec.

PyObject* PyUnicode_EncodeUTF32 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode

data in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API,; please
migrate to using PyUnicode AsUTEF32String () or PyUnicode_AsEncodedString ().
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UTF-16 Codecs

These are the UTF-16 codec APIs:

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Decode size bytes from a UTF-16 encoded buffer string and return the corre-
sponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to "strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first two bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorder is
-1 or 1, any byte order mark is copied to the output (where it will result in either a \ufeff ora \ufffe
character).

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF16Stateful (const char *s, Py_ssize_t size, const char *errors,
int *byteorder, Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF16 (). If con-
sumed is not NULL, PyUnicode_DecodeUTF16Stateful () will not treat trailing incomplete UTF-16
byte sequences (such as an odd number of bytes or a split surrogate pair) as an error. Those bytes will not be
decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. Return a Python byte string using the UTF-16 encoding in native byte order. The
string always starts with a BOM mark. Error handling is “strict”. Return NULL if an exception was raised by
the codec.

PyObject* PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode

data in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_ UNICODE_WIDE is defined, a single Py_ UNTCODE value may get represented as a surrogate pair. If
it is not defined, each Py_ UNICODE values is interpreted as a UCS-2 character.

Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API,; please
migrate to using PyUnicode AsUTF16String () or PyUnicode_AsEncodedString().
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UTF-7 Codecs

These are the UTF-7 codec APIs:

PyObject* PyUnicode_DecodeUTF7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the UTF-7 encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF7 (). If con-

sumed is not NULL, trailing incomplete UTF-7 base-64 sections will not be treated as an error. Those bytes
will not be decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py_ssize_t size, int base64SetO,
int base64 WhiteSpace, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using UTF-7 and return a

Python bytes object. Return NULL if an exception was raised by the codec.

If base64SetO is nonzero, “Set O” (punctuation that has no otherwise special meaning) will be encoded in
base-64. If base64 WhiteSpace is nonzero, whitespace will be encoded in base-64. Both are set to zero for the
Python utf-7” codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode AsEncodedString ().

Unicode-Escape Codecs

These are the “Unicode Escape” codec APIs:

PyObject* PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the Unicode-Escape encoded
string s. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using Unicode-Escape and return the result as a bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Unicode-Escape and
return a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API,; please
migrate to using PyUnicode_AsUnicodeEscapeString().

Raw-Unicode-Escape Codecs

These are the "Raw Unicode Escape” codec APIs:

PyObject* PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char *er-

rors)
Return value: New reference. Create a Unicode object by decoding size bytes of the Raw-Unicode-Escape

encoded string s. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using Raw-Unicode-Escape and return the result as a
bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py_ UNICODE buffer of the given size using Raw-Unicode-Escape
and return a bytes object. Return NULL if an exception was raised by the codec.
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Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style
Py_UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString() or
PyUnicode_AsEncodedString ().

Latin-1 Codecs

These are the Latin-1 codec APIs: Latin-1 corresponds to the first 256 Unicode ordinals and only these are accepted
by the codecs during encoding.

PyObject* PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the Latin-1 encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using Latin-1 and return the result as Python bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeLatinl (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Latin-1 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode_AsLatinlString () or PyUnicode AsEncodedString().

ASCII Codecs

These are the ASCII codec APIs. Only 7-bit ASCII data is accepted. All other codes generate errors.

PyObject* PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the ASCII encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using ASCII and return the result as Python bytes
object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeASCII (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using ASCII and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API,; please
migrate to using PyUnicode AsASCIIString () or PyUnicode AsEncodedString ().

Character Map Codecs

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done
to obtain most of the standard codecs included in the encodings package). The codec uses mapping to encode
and decode characters. The mapping objects provided must support the __getitem__ () mapping interface;
dictionaries and sequences work well.

These are the mapping codec APIs:

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the encoded string s using the

given mapping object. Return NULL if an exception was raised by the codec.

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers in the
range from 0 to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals) or None.
Unmapped data bytes -- ones which cause a LookupError, as well as ones which get mapped to None,
OxFFFE or '\ufffe', are treated as undefined mappings and cause an error.
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PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Encode a Unicode object using the given mapping object and return the result as
a bytes object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range from 0 to 255 or
None. Unmapped character ordinals (ones which cause a LookupError) as well as mapped to None are
treated as "undefined mapping” and cause an error.

PyObject* PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors)
Return value: New reference. Encode the Py_ UNTCODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode_AsCharmapString () or PyUnicode_ AsEncodedString().

The following codec API is special in that maps Unicode to Unicode.

PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. Translate a string by applying a character mapping table to it and return the
resulting Unicode object. Return NULL if an exception was raised by the codec.

The mapping table must map Unicode ordinal integers to Unicode ordinal integers or None (causing deletion
of the character).

Mapping tables need only provide the __getitem__ () interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors has the usual meaning for codecs. It may be NULL which indicates to use the default error handling.

PyObject* PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *map-
ping, const char *errors)
Return value: New reference. Translate a Py_UNICODE buffer of the given size by applying a character

mapping table to it and return the resulting Unicode object. Return NULL when an exception was raised by the
codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API,; please
migrate to using PyUnicode Translate (). or generic codec based API

MBCS codecs for Windows

These are the MBCS codec APIs. They are currently only available on Windows and use the Win32 MBCS converters
to implement the conversions. Note that MBCS (or DBCS) is a class of encodings, not just one. The target encoding
is defined by the user settings on the machine running the codec.

PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the MBCS encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeMBCS (). If con-

sumed is not NULL, PyUnicode_DecodeMBCSStateful () will not decode trailing lead byte and the
number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using MBCS and return the result as Python bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Return value: New reference. Encode the Unicode object using the specified code page and return a Python
bytes object. Return NULL if an exception was raised by the codec. Use CP_ACP code page to get the MBCS
encoder.

3.3 B fE.
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PyObject* PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_UNTCODE buffer of the given size using MBCS and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_UNICODE
API,; please migrate to using PyUnicode_AsMBCSString (), PyUnicode_EncodeCodePage () or
PyUnicode_AsEncodedString ().

Methods & Slots

Methods and Slot Functions

The following APIs are capable of handling Unicode objects and strings on input (we refer to them as strings in the
descriptions) and return Unicode objects or integers as appropriate.

They all return NULL or —1 if an exception occurs.

PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. Concat two strings giving a new Unicode string.

PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Split a string giving a list of Unicode strings. If sep is NULL, splitting will be
done at all whitespace substrings. Otherwise, splits occur at the given separator. At most maxsplit splits will
be done. If negative, no limit is set. Separators are not included in the resulting list.

PyObject* PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. Split a Unicode string at line breaks, returning a list of Unicode strings. CRLF
is considered to be one line break. If keepend is 0, the Line break characters are not included in the resulting
strings.

PyObject* PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Join a sequence of strings using the given separator and return the resulting
Unicode string.

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end,

' int direction) ) )
Return 1 if substr matches str [start:end] at the given tail end (direction == —1 means to do a prefix

match, direction == 1 a suffix match), 0 otherwise. Return —1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direc-
tion)
Return the first position of substr in str [start :end] using the given direction (direction == 1 means to
do a forward search, direction == —1 a backward search). The return value is the index of the first match; a
value of —1 indicates that no match was found, and -2 indicates that an error occurred and an exception has
been set.

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int di-

rection)
Return the first position of the character ch in str[start:end] using the given direction (direction ==
1 means to do a forward search, direction == —1 a backward search). The return value is the index of the

first match; a value of —1 indicates that no match was found, and —2 indicates that an error occurred and an
exception has been set.

3.3 FriR e
T 3.7 WUHE PR start and end are now adjusted to behave like str [start :end].

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Return the number of non-overlapping occurrences of substr in str [start:end]. Return -1 if an error
occurred.

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t max-

count)
Return value: New reference. Replace at most maxcount occurrences of substr in str with replstr and return the
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resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)
Compare two strings and return -1, 0, 1 for less than, equal, and greater than, respectively.

This function returns —1 upon failure, so one should call PyErr_Occurred () to check for errors.

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Compare a Unicode object, uni, with string and return —1, 0, 1 for less than, equal, and greater than, respec-
tively. It is best to pass only ASCII-encoded strings, but the function interprets the input string as [SO-8859-1
if it contains non-ASCII characters.

This function does not raise exceptions.

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

* NULL in case an exception was raised
e Py_True or Py_False for successful comparisons
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT,and Py_LE.

PyObject* PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. Return a new string object from format and args; this is analogous to format

o)

% args.

int PyUnicode_Contains (PyObject *container, PyObject *element)
Check whether element is contained in container and return true or false accordingly.

element has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **string)
Intern the argument *string in place. The argument must be the address of a pointer variable pointing to a
Python Unicode string object. If there is an existing interned string that is the same as *string, it sets *string to it
(decrementing the reference count of the old string object and incrementing the reference count of the interned
string object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification:
even though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you
own the object after the call if and only if you owned it before the call.)

PyObject* PyUnicode_InternFromString (const char *v)
Return  value: New  reference. A combination of PyUnicode FromString() and
PyUnicode_InternInPlace (), returning either a new Unicode string object that has been in-
terned, or a new (“owned”) reference to an earlier interned string object with the same value.

8.3.4 JLAANE

PyTupleObject
XA~Pyobject BFRAUMAF—> Python [T X 4 .

PyTypeObject PyTuple_Type
pyTypeObject HSBIAFE—A> Python JLHERL, X5 Python ]2 tuple EHFMXTE .
int PyTuple_Check (PyObject *p)
MR p 2T R B TCH B I BU L], 3 o] B
int PyTuple_CheckExact (PyObject *p)
R p @2— IS, AR — DI TRARSEHB], R E EE .
PyObject* PyTuple_New (Py_ssize_t len)
Return value: New reference. J§EBHR Bl — I JCHN S, KB N len, RIEHFRE] “NULL”,

PyObject* PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. J{{ H W& Bl — N TG X %, K/ANK n o, 2 MBI [H
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NULL. JC#{H ¥ 4 16 4 45 17 Python X R 15 4k n C &% PyTuple_Pack(2, a, b)
Py_BuildValue (" (00)", a, b) H%,

Py_ssize_t PyTuple_Size (PyObject *p)

ARBUE TR e, IR BIZITA RN
Py_ssize_t PyTuple_GET_SIZE (PyObject *p)

RETTAH *p* VDN, B AU AR “NULL I BAR 1 —Aocdl; A ETHE iR A
PyObject* PyTuple_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. 3R [B] p A8 BITCAHH, 1T pos ALHINT S . WK pos BH AR, &
[ NULL , H#H—1 IndexError B,

PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 25{)| T-PyTuple GetItem (), {HAKEHSEL.

PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. &[] *p* T35 TGV R, 75 *low*® 1 *high* Z &), B E1E 5 M}
& “NULL®, X% [a]F Python ik p[low:high] . ARIFFMIIERKR R,

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
1E p /1T TCLI pos ALEFH AR XS o 1951 M. BBIIIRE] 05 412 pos AL, MM -1, 4l

H—> IndexError BH& .

TR SR “BiC XF *o* WS, FHFEFEXCA T AR AL E R A& H RS

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
R FryTuple_setItem(), (HAMATHRIGE, HHWIZ R 2@ KRBT

W XNES “fiE” —AxoWBIH, (HS5PyTuple_SetTtem () Nl, B REe EFXHEA]
PTG ST AT pos RLERAEATS | HERREB R -

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
A TR BT KN . newsize 52 TCHRYBE . HTCAH HON A ZA AL, BT A A TE
MGG —A5I B, Az E. WRICHT SR I a5 A ZE A .
TCAE IR B A K SN ICEREERASRINC4If A g — N Hocdl, ReEEa. MR
Bl 0 . &R AR E *p BYE AR5 1 T IR B A E AR . QR T *p 51 BYXS
4, WIRIRRY *p FREUE 8. R, R[E] -1, £f *p BEN NULL, H5|% MemoryError o

SystemError,

int PyTuple_ClearFreeList ()

RS R PR 2% H 4L

8.3.5 LHIFFFIXR

G P I ZRZF T namedtuple () B C R, Hl—ANFa, Hoiyz H Bl A @R . 2
DIREERFFH, AR So i B R BS54 7 1) 26 2.

PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. T34 desc T [P RGO E — A Fr iy 4510 750 288, a0 R rik. W] DAfE
HPystructSequence_New () Bl 245 F A ) SL 45

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M *desc* FHIHI UG AL LT P F1 KA *type*.

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
5 PyStructSequence_InitType #[F, {EEEEHRE 0, KMFHRE -1 .

3.4 B fE.
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PyStructSequence_Desc
B E ARSI P B LR

1 C 8 aX

name const char * Ll B e

doc const char * Fi 1) B 20 B SCRY FAFER B NULL B 455

fields PyStructSequence_Field #5[n DA NULL 45 BB T4, HFBEAHR
* LS

n_in_sequenceint Python flll o] WL 7 Begt (s AAE CA)

PyStructSequence_Field
IR P O ) — DT B MEE S go@ s ST, T B KBS 2 Pyob ject *.
fEPyStruct Sequence _Desc ] fields T HRGIWE T 4575 R I 2 AT B o

i | C%AR aX

name const F B 4 PR EL NULL® |, % B850 iy 24 F By o) 3%, i ik 8ol
char * PyStructSequence_UnnamedField VMEEE R4 FE

doc| const LW B docstring B, “NULL“

char *

char* PyStructSequence_UnnamedField
F B R R R DR R 2 IR 7S

PyObject* PyStructSequence_New (PyTypeObject *type)
Return value: New reference. )78 type 2L, ZSEHFBH ] PySt ruct Sequence NewType ()
ANz,

PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. i&[A] *p* Fr3§aI[Z5H 754, 7T *pos* AbAXI G, AFREHIT
B %% 8

PyObject* PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem () WA,

void PyStruct Sequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
FrEER TS p BIFR T pos AL FBOBLE NMH 0. GPyTuple SET_ITEM() —#f, BMZAMTIH
FEAFY LB .

T XARRE BT TR fo* I—AN5I .

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem () HZIA.

A XARE “BHC TR fo* I AEI

8.3.6 FIRIMK

PyListObject
XA~ CRAMpyobject HFIRAUMA L Python FEIR .
PyTypeObject PyList_Type
XA ET Py Typeobject K Python 51K AW LB . 7 Python ETHFIZEAL 1ist 2[F]—4
IO
int PyList_Check (PyObject *p)
WER p 2 —DINFR R Z— P RERN) T RB L, REEH.
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int PyList_CheckExact (PyObject *p)
b p R —MIIRNG, ER ARy KL 7RG, RIE

PyObject* PyList_New (Py_ssize_t len)
Return value: New reference. J§EBR Bl — KR len B35, SRR [E] NULL,

R 24 len KT BB, #k B F) R X200 H 85 8 NULL. B AR G H 254 C o
¥ pysequence_SetItem() % API 8i# M C lR¥PyList_SetItem() r{j‘ﬁ)fﬁiﬁﬁuﬁ
BLELSEXT G HiR Python A% A FF X 14 .

Py_ssize_t PyList_Size (PyObject *list)
R[] list PHNFX R SE . XETAETFRIZR A Len (1ist)
Py_ssize_t PyList_GET_SIZE (PyObject *list)
TN C mgkpyList_Size () , AR,
PyObject* PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. 1% [9] list fir 35 [0 4 38 H index (Vi B _F X% . L EEH AN AET
B A SISV FRRIEATHRT] . AR index 1T A5 (<O or >=lenlist)), WX [el NULL Jf B

IndexError JH,
PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. T2 C BREPyList_GetItem() , ARG,
int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
R R RGN index W)IVN item. LI [E] 00 QAR index i 3 B W2 o] -1 I3 &

IndexError JiH,

TEfd: W “fE” — AR item BSIIFEFE— MR P22 WAL E LR EA AR H G

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *o)
AR AR Py List _Set Ttem (). JXE R THHR D ZHIA WA ALE T
3T,

R ZRS E” — AR item 51N, (A5 PyList_SetTtem () AFEMZE RaEFAEAM
PO BT A list (9 § AL BTSSR gt ex -

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

P& H item 1 AF5) 3 list K515 index Z BRI E . QA TIRFRE 05 AOSEA KWz [E] -1 Ff
WE— NS, M4 T list.insert (index, item),

int PyList_Append (PyObject *list, PyObject *item)
PEXSG item TS IMENZ) 3% list WIARJE . NS AIRFRE] 05 QISRAS I WER ] -1 I E— .
BT list.append(item).,

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. ﬁlﬁl*ﬁi@%ﬁ 2%, A5 list 40T low Rl high Z 1A X 5. QISRAN
SN IR [E] NULL H% B S 4. H4TF list [low:high]. REFEMIIEKEIITET],

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
- list 249 low 5 high 2 [R|Y] i K itemlist I INZY . FH24T list [low:high] = itemlisto
itemlist P Ak NULL, FoRMREA— 2508 (WD) . BhEhRE o, KK iR o IXH
Tii‘ff/\}\ﬁﬂ%%ﬂi%ﬂ‘ TR

int PyList_Sort (PyObject *list)

Xt list A% HBATIEHHRR . BRI 0, JRIKTR o EEMT list.sort (),
int PyList_Reverse (PyObject *list)
Xt list A% H AT IEUCRS . R IE] 0, R IKHRFIR o XEHEMT list.reverse (),
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PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. 320l —AFiBITCEHX S, HA S list BINE; ST tuple (list) .

int PyList_ClearFreelist ()

HERGIRR . IR [ PR 2% H 2.
3.3 BRI HE.

8.4 FERMR

8.4.1 FHMITR

PyDictObject
XAPyobject M FRBMAFK 4 Python “FHXI5 .

PyTypeObject PyDict_Type
Python ‘MR HIFKIR Ky Py TypeObject HSEH]. X5 Python ZTHiH) dict e XA .

int PyDict_Check (PyObject *p)

TR p P M el E SRR 2R A 526, R .
int PyDict_CheckExact (PyObject *p)

WA p @ F M GAEA 2 F MR TR A R 5L, NWHREIE.
PyObject* PyDict_New ()

Return value: New reference. 12 [l — AN 2 20, ZR AR [9] NULL.

PyObject* PyDictProxy_New (PyObject *mapping)
Return value: New reference. 12 |7] types.MappingProxyType X144, T ub il AT 2R34T 0 i me
o XA H TR AL E ARG 1B RS A AN .

void PyDict_Clear (PyObject *p)
T 25 A H T A SRR

int PyDict_Contains (PyObject *p, PyObject *key)
i€ key R B ETETF M p o QIR key PTHC | p FYFE—T0, MW 1, ABWGRE 0 o ikl -1 %
A X4 [T Python ik key in po

PyObject* PyDict_Copy (PyObject *p)
Return value: New reference. 32 10]5 p 445 F [a] 8 (E 0 1) 74l

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
T key MR8 val SHAF M po key WA Rhashable; BIRAZE, WAF5|% TypeError. I
A0, RIGEFRE -1, HEREL R HEEX val 51

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
i 1) key 1Ry 85 val 3 A B 5 B p. key W24 °H const char*. HEXf 4 2l
PyUnicode_FromString (key) @M. WIEFRE 0, KMEfRE -1, BLeRE =& By
Xf val 151 .

int PyDict_DelItem (PyObject *p, PyObject *key)

Pt p A key IS H o key MR VIEFE; WIRAR, WME&F| A TypeError. {IRF M
H%H key, NW£3|% KeyError, ENNHRE] 0, JMmfRHE -1,

int PyDict_DelItemString (PyObject *p, const char *key)
IR 8L p AR key FEERVBERIAC H . MR IO key, M&5]1% KeyError. R
AR[E O, RIKHFRE -1,

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)
Return value: Borrowed reference. N3 p FIR B DA key RIS . QNSRS key ANTELEH (2 A &
BN 5eH MR e NULL.

wEEEMZ, WA _hash__ (O Ml _eq O HETEWEFHABMT. &

HPyDict_GetItemWithError () BRI E .
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PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () M, BASFMET. M BE KA
iR NULL Jf HiE— 5 H . AEREAAAAENGR A NULL Jf HARBRE— 5

PyObject* PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. 3X 5PyDict_GetItem () —Ff, {BJIE key #{¥5E 4 const char*,
MARPyObject *,

TR, WA _hash__ () . __eq_ () FIEMBIE— AN A0TSR PR A ) S
Ay, SWHPyDict_GetItemWithError () BRI

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. X} Python 2] dict.setdefault () —Fki. AR key 121E,
TR PIAEFH p BRI E. WAL, B SAUE defaultobj —iL4H AR 1] defaultob » iX
MERECHTE key BIRGATRREL—IR, A ZTEA RN AR BT EE

3.4 B fE.

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. & 0| —/AM & 7 M AP Br S{E T Py List Object,

PyObject* PyDict_Keys (PyObject *p)
Return value: New reference. 12 [A|—A~0 & A g 8 (keys) iPyListObject,

PyObject* PyDict_Values (PyObject *p)
Return value: New reference. 112 ] — A0 &t fir {E (values) [ PyListObject,

Py_ssize_t PyDict_Size (PyObject *p)
R F IR E AL, SFO T p (] Len (p) o

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
BT p h T B . TR — YR T R BT AR, 1 ppos BT 1Y Py_ssize_t
WA O %R EICR A7 v A AN BBV IR [ EE, — ELFTAT SR 4T 58 5R Ui [m]
BRAH. TEZ: pkey Fl pvalue N 244810 PyObject * Atk , AR B A EAERIE S, B ®
HPAN NULL. Gl E TR B AL 5 AR B SR . ppos AR AUMIRIA BB, BRIEFRN
IS R AL B, I H i T AR mEn, [ w A% Bt ALk

n

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

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

TFH p AN BAZAEN DR A AR O o AR D, SR E R T A, EART A E A A
KA. BIn:

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

while (PyDict_Next (self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;

(FgkzE)
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(£ L£50)

}
Py_DECREF (o) ;
}

int PyDict_Merge (PyObject *a, PyObject *b, int override)
XSRS b BEAT R AL, RE SR Y IS B M a0 b W RA R — A T, BAE ] S
ffPyMapping Keys () MPyObject_GetItem() HIXI G, AR override JyFLAH, WWIRTE b
HR EAR A BE I @ P CAFTER R RSN R e, 5 M ANSRAE @ vh s R I ) L A
B e SR O B 245 | A S ik bl -1

int PyDict_Update (PyObject *a, PyObject *b)
X5 C W) pyDict_Merge(a, b, 1) —F:, 2T Python H ) a.update (b), ZH|LE
T PyDict_Update () T’*#/\%é&&ﬁ”keﬁ” JE P IS £ [ 1B 3] 25 AR SRR 1 7 91 J:‘uEEIjJHT

R[]0 B 5] A IR A -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
B seq2 H A SRAENT SR sl & I 27U ao seq2 AAZFA T AR RS 2 Y A RB-EA )T R EI’J—IJJJEXT

G, MPEAETE AR, WL override FUEIR tHBUAGREIE . L4 M b ] O si-45] % 5
R[] -1, A4 Python fUAS (AR[EIERRSL)

def PyDict_MergeFromSeq2 (a, seqg2, override):
for key, value in seq2:
if override or key not in a:
alkey] = wvalue

int PyDict_ClearFreelist ()

HREI . R I R 2% H 2.
3.3 BRI e

8.4.2 E&VWH

X—F M NE T set Fl frozenset XfRMAIL APL, (R AALE NS 12 RE S b2 i A 5
SR (B3EPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr (), PyObject_IsTrue(), PyObject_Print () DA MKPyObject_GetIter())
B FE W2 B FE I (E FPyNumber And(), PyNumber Subtract (), PyNumber_ Or(),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (),
PyNumber_InPlaceOr () PAMPyNumber_InPlaceXor ()) Fifild.

PySetObject
X A~Pyobject B T I B K R AT set Ml frozenset X G i i o di. & XA
T ryDictobject, PRxTF/INRSFEERULE R BE KPR (RGTTARF# L) , IFH
X A IR RO B A U B R4 ) BB T A8 /NI A7 B (RGN Rk =) o EES 1k
T BN BRI 2 A I ELATRE A AR U . A 7 T80 72408 0 5 SO AY APT R #EAT, TR W]
8 1 RGP A

PyTypeObject PySet_Type
XE—APyTypeObject SLfi, /R Python set 234,

PyTypeObject PyFrozenSet_Type
XR— A PyTypeObject 52|, /N Python frozenset 57,

ARG A 75 TE TR AR Python XFRIHEET. JEIM, X L i R Kt 1 1 T B T R AU

Python X4,

int PySet_Check (PyObject *p)
R p @—1 set XFREH & H TR 5L B R [0 B AE .

int PyFrozenSet_Check (PyObject *p)
R p 2—> frozenset XT%&%%FQ??@EJE’J;&W 1003 ] AP
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int PyAnySet_Check (PyObject *p)
WER p @—A> set MH. frozenset MG EHZH T I AU S WK 8] FLAA .

int PyAnySet_CheckExact (PyObject *p)
MR p B—> set WRE frozenset MHR AR HT-2H iS4 IR 0] BAE

int PyFrozenSet_CheckExact (PyObject *p)
W p f—A> frozenset XFRIHAIEHT-FAUNY S5 N3k o] ELAE .

PyObject* PySet_New (PyObject *iterable)
Return value: New reference. 12 [0l—/N8ii) set , FH AL iterable BT iR IR 4R . iterable T PA-A NULL
TR A LS . WIEHR B A, RIGER ] NULL, 2R iterable SE R AN & AT 2%
RXFENEG| % TypeError, ZME#FHE T4 NEER (c=set (s)).

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. 3R] — 81l frozenset, A AL iterable AR N R4 . iterable W]
PASH NULL ER G — B SR G R G IR B AR 4S5 A, RIG R A NULL. Ji2R
iterable SZ 5 EAN R EAXT S NG| & TypeError,

A R ECRN %238 T set 3% frozenset BYSEI R H T 2AAY L0

Py_ssize_t PySet_Size (PyObject *anyset)
kA set Bf frozenset MR KE . ZEMT len (anyset) . IR anyset N2 set, frozenset
BRI LB 5] & PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
FEWAMPySet_Size (), AHrEEiRE .

int PySet_Contains (PyObject *anyset, PyObject *key)
AR FGR ] L, WK FR R O, WIEREEEHRNER ] -1, AETF Python __contains__ ()
Jiik, SRR RN & B 30 A R A B 2R A R O I I R RS AR . AR key DA WTIE Ay
XM L5 % TypeError, IR anyset A j& set, frozenset B H T AMY S N 5] %
PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
WS key 3)—A set 5. W] HF frozenset SLfl (FMUTFPyTuple_Setltem(), BN #HH
K MR EATE AT HADRS 2 AR R 2 ) o IR R 0, RIMAHRE] -1, 41
key AT MG ARG M 25| & TypeError. WIREAMK ZSEN 5] % MemoryError, W ser
e set B HFRBFSLFIN L5 & SystemError,

FHREGE T set siHFRBLH], (FARTHT frozenset s HFRAIHSH.

int PySet_Discard (PyObject *set, PyObject *key)
WERRFPIEALERR M 1, ARARIE TCEAME) &I o, QRBE SRR E] -1, ST AELER)
RNEG| K% KeyError, QR key AT RSN AT &% TypeError. /AT Python discard ()
Tk, WERER 2 B3R AT G A AR A i A IR I P VR ZE S 6 o AR set g set BHF2RAUN
SEFIN45| &k PyExc_SystemError,

PyObject* PySet_Pop (PyObject *set)
Return value: New reference. 1219] set AT RXT GG, FM set FRERIZNT S . R R 7] NULL,
WEIREA AN 5]k KeyError. W1 ser N set s HFRALHIN 5] % SystemError,

int PySet_Clear (PyObject *set)
5 25 A - S BT A SN

int PySet ClearFreelist ()

ZERES Fe o IR B ITRERLIY) 45 H £
33%%m%
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BES SRS
8.5.1 FHMK

A —LEFE T Python BRI RREL .
PyFunctionObject
T ek %y C S5tk

PyTypeObject PyFunction_Type
XR— N PyTypeobject SLfFf:FE R~ Python REZEEL . 'BAE N types.FunctionType [4] Python
Py B ATT

int PyFunction_Check (PyObject *0)
WK o S B R CRA N PyFunction Type) WEREIE(H. BZULIA N NULL,

PyObject* PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. IRl 5D N5 code BRIV BN 5. globals A7 2—A~F M, %MK
AT AT IR) 42 JRy A

MARHD X 2 Hp R BCRR B0 U P R A4 PR . __module_ £x M globals F4EEL. Z4)( defaults, anno-
tations FI1 closure %A NULL. __ qualname__ 1% k5 BRI FRAH R HAE

PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. Z5{Y\PyFunction_New (), B RV ERETRE) _ _qualname_

J& _ JErRA s
__name__ JE@MHMFIAGME.
3.3 i ihE

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. 12 |8] 5 RN % op FEBRFIARID T4

PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. 12|75 BRENT 4 *op* A £ BRAY & R T

PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. &0l BEEN G2 op B __module__ JE&VE, B N—EE THRHL R
FEAFER, (ERT DA Python AR5 Aak [m] HAMAT REXT 4R

PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. R [8] RN 42 op IS EERNE . X PAR—PSE0Tt4 B NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
HEREOS R op WESHEINE. defaults 1675 Py_None mi—AJo4.

RIS &% SystemError S FH R M -1 .

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 12 0] FBRF] B4 op BIFAAL . X F] AR NULL 8 cell XF 49764 .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
B BRI R % op B, closure WK Py_None 8{ cell %404 .

RIGRG| % systemError SpHFFiR[H] -

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. iR 0] RIS op BIFRE . X 0] PAE— AR FHLE} NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BEEPREON S op IIFRTE . annotations W5 — A 415L Py_None.

RG] % systemError S HRM -1 o
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8.5.2 LB EMR

KB J5IERPyCrunct ion AR, WERFPyCrunction SEFIRMRM—FFr . BN T
Sery I PyMethod_New (func, NULL, class).

PyTypeObject PyInstanceMethod_Type
XAPyTypeobject B3 Python SEBIHELRAL. B H AR Python FEJF A
int PyInstanceMethod_Check (PyObject *0)
W2k o REBITTIEX G BN Py InstanceMethod_Type) WiR[EIEAH. K WM AN NULL.
PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. iR [B|— B SL 5 x4, fune N RATE TR XIS, func Y5AESZH)
T3 VRS Y I Ay R e S
PyObject* PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. 12 |8] 5 B 2| S B )75 im I BRET 4

PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 72UASH ) Py InstanceMethod_Function (), W§ZE T 55iRAE .

8.5.3 HEMR

TG0 R BN G . T B R S B A P A E RSB RERE TR (R E— AN
HEE) EAEH.
PyTypeObject PyMethod_Type
XAPyTypeObject LI Python A AL, BAE N types.MethodType [i] Python F&JF /2
-
int PyMethod_Check (PyObject *0)
R 0 BITIEM G G N PyMethod _Type) MR EIFAH . FEZAUAN NULL,
PyObject* PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. 3R [Bl— N ARG, fune NAERE VIR, self iy &NV 46
FEMISEH . AETER T func FHERREERR o self WA NULL,
PyObject* PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. &[0 5= 2| J5¥E meth HIBREU 4 .
PyObject* PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. 72U PyMet hod_Function (), B&ETEEIRGI.

PyObject* PyMethod_Sel€£ (PyObject *meth)

Return value: Borrowed reference. 32 [0 5= 52| J7VE meth HISEH o
PyObject* PyMethod_GET_SELF (PyObject *meth)

Return value: Borrowed reference. AN PyMet hod _Self (), W&Z T 45 iRA M .
int PyMethod_ClearFreelist ()

HERGR . IR [ PR 2% H 2
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8.5.4 Cell &

“Cell” XGNT LB Z ARG RV & XT R E, —A> “Cell” XG0 7%
PEBIHE; 51 HIRE AR A HE SR A R AL He A 25 [ R IR AE S O RS SN kA “Cell” 51 . 151
WM, R “Cell” LS IIEIAZ RICHR GA T . XAl “Cell” MR AR KIRALATT] I 75
SRR TS DR & A B AR RIRAX L 2R “Cell” W RAEH AT AT REA KA H -

PyCellObject
T Cell X4 C 4ithfk.

PyTypeObject PyCell_Type
5 Cell X}RX NIRRT 4.
int PyCell_Check (ob)
R ob 22— cell XTZ MR E FLAE ; ob WA NULL,

PyObject* PyCell_New (PyObject *ob)
Return value: New reference. B33 H:1% [0l —/ ML (H ob HHT cell X4, TJEZ 0] PAN NULL.

PyObject* PyCell_Get (PyObject *cell)
Return value: New reference. 1R [1] cell X% cell FHNZ

PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. 12 [B] cell %f 4 cell (NZ, (B2 cell 24 4E NULL I H h—A4>
cell X452,

int PyCell_Set (PyObject *cell, PyObject *value)
B cell X4 cell FINER N value. XFFREATATXS cell X424 BT NZRI5] . value W PAA NULL,
cell 75 R3E NULL; WIREAZ—A> cell XL NPFFRE] —1. AR E BN E 0.

void PyCell_SET (PyObject *cell, PyObject *value)
K cell XF5% cell FIEBEN value. AXTHHESI L, I AASUATIM PAGRIER 425 cell 0204
NULL 3 H 55— cell %42,

8.5.5 LN

RbXF5 2 CPython SCBUAYMRIANTT o AU BR i ARG E 2 & b iy m] AT AU

PyCodeObject
T RA DT G G2/ C G54 . LS B BEnT Bl Bl

PyTypeObject PyCode_Type
XsE—PyTypeObject S, HFIR Python [f) code LA,

int PyCode_Check (PyObject *co)
MR co &—> code XN [H] true,

int PyCode_GetNumFree (PyCodeObject *co)

R[] co Y H FHAS AL

PyCodeObject* PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, Py-
Object *freevars, PyObject *cellvars, PyObject *filename, PyObject *name,
int firstlineno, PyObject *Inotab)
Return value: New reference. 1R[]l —AFi USRS G ARARTFZ— > MU SR a1 — AU
i, W PyCode_NewEmpty (). WHPyCode_New () EIEW VASRE RIMEW Python A,
FEFAT Y E XA H A

PyCodeObject* PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,
int nlocals, int stacksize, int flags, PyObject *code,
PyObject *consts, PyObject *names, PyObject *var-
names, PyObject *freevars, PyObject *cellvars, PyOb-
Ject *filename, PyObject *name, int firstlineno, PyOb-
Ject *lnotab)
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Return value: New reference. Z5{0)T-PyCode_New (), {BH7H — 4 4] posonlyargcount” T {L R
NESE

3.8 B fE.

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. & [W| LA F8 8 U4 - BB RS —AT5 0 S RIEX 5 . X T exec ()
w eval () A MEUIERT R AR

8.6 H{h¥R

8.6.1 XK

X I APL 25X A E SR Python 2 C AP Y/ IMTEL, BEid BAKIT C driE PR %l /O (FILEY)
SCRFo AE Python 3t SCPFMIRGEATEIY 1o B, BIRAERIE R AR IRZR T Znh VO 2 b LT IL
ANE o TN RECR XX e H APLEHE C s, 2 TR0 e s dnllss
=R 1o APL,

PyObject* PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,
const char *errors, const char *newline, int closefd)

Return value: New reference. fR45 2 FT I 304 fd WU AT —14> Python SCEXT 4 . S0 name,
encoding, errors Fll newline W] PA°K NULL FEn {8 BRAE s buffering V] AR -1 FEn (i BRIAE . name
O AR B T R 325 . RIEHR F] NULL, A5 X S50 E 2R, #5205 io. open ()
PRI SR

i T Python it A HEHZM)Z, HILRHENTS OS GO HIAFTHE & &7 LA Fh )
(BB M) -

e 3.2 CE I 20 name J& 1
int PyObject_AsFileDescriptor (PyObject *p)

P55 p R SCHFIARRR R int o WUERXTGE 8L, WER EIHAE . anach, WA 2R
fileno () H¥E (WIERAFAE) 3 Iy VERAGR A —NEEL, RBEBE N SO IR RE R 1] . S E 57
AR R MR ] -1,
PyObject* PyFile_GetLine (PyObject *p, int n)

Return value: New reference. )T p.readline ([n]) , XPMEREMANZE p PEEE—FT. p LA
AR FRE A readline () FIEMAEMINS . W n g 0, WITGIRZATIOR BN, P
—ATo WA n KT 0%, WM EBOR S n AT ATRAR BT —5r . TEXPIFMEOLT ,
QRS RIBE SO AR R, MR S AR (H2, W n /T 0, TG K BE AN #f 2 BE i —4T,
B2 QRS RPEESC R, 5| % EOFError.

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
HH 1io0.open_code () WIEFEATH, FFHIES ML Frid Ak AR Fr ok feid .

AEPRRR T 2 — 2 PyObject * (*) (PyObject *path, void *userData) HJEEZ%R, H
W path W3 A PyUnicodeObject.,

userData &5 8 N TR T4 7 R AT RE FH AN Rz AT R, %485 A N B 3248 1)
Python R .

T XA T LT IHEF AR R, i A A T 2 T S ABE, BRAEC AT
ZEIRASEE BTE sys .modules R,

— B THB0E, AR, 2N PyFile_setOpenCodeHook () R HAF K
W, WERAERES T AWAIRTe, BRECRFIR ] -1 R E R

BB BT A& IAEPy_Tnitialize () Z AL
g5l &— HiTZ} setopencodehook, AMIHALMZEL.
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3.8 BRI HE.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
FEXSR obj GAMRZR p o flags ME— L FpRYARE 2 Py_PRINT_RAW; WREE, WHARRM
str () MARE repr () o IR 0, KIMHRE] -1, FFREE L HBI5.

int PyFile_WriteString (const char *s, PyObject *p)
FEFATER s BASCRS po BRI 0 ZRIBERIA] - 15 K58 ARV I R

8.6.2 {RIRITR

PyTypeObject PyModule_Type
XAPyTypeobject KBl fi% Python BIRAEM, E VA types.ModuleType HJE 25 4
Python 2%

int PyModule_Check (PyObject *p)
Return true if p is a module object, or a subtype of a module object.

int PyModule_CheckExact (PyObject *p)
Return true if p is a module object, but not a subtype of PyModule Type.
PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. 1R M| F IRt 4, HJEME _ name_ K name . FBR )X L8 )E Pk

__name_ , _ doc_ ,_ package_ ,and _ loader__ (rFEHIET __name__ #WEiIX N
“None“). MBI M4RML  file  J@H:.
3.3 B Use.

FE 3.4 fREW: J@M __package_ Fl_ loader_  #{i%5 “None“,

PyObject* PyModule_New (const char *name)
Return value: New reference. X2 T PyModule_NewObject (), {HILZFR A UTF-8 gt i) #4558
A2 Unicode X4 .

PyObject* PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Return the dictionary object that implements module’s namespace; this
object is the same as the __dict__ attribute of the module object. If module is not a module object (or a
subtype of a module object), SystemError is raised and NULL is returned.

It is recommended extensions use other PyModule_* () and PyObject_* () functions rather than directly
manipulate a module’s __dict__.

PyObject* PyModule_GetNameObject (PyObject *module)
Return value: New reference. Return module’s __name___ value. If the module does not provide one, or if it
is not a string, SystemError is raised and NULL is returned.

3.3 B RE.

const char* PyModule_GetName (PyObject *module)
Similar to PyModule_GetNameObject () but return the name encoded to 'ut£-8"'.

void* PyModule_GetState (PyObject *module)
Return the "state” of the module, that is, a pointer to the block of memory allocated at module creation time,
or NULL. See PyModuleDef.m_size.

PyModuleDef* PyModule_GetDef (PyObject *module)
Return a pointer to the PyModuleDef struct from which the module was created, or NULL if the module
wasn’t created from a definition.

PyObject* PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. Return the name of the file from which module was loaded using module’s
__file__ attribute. If this is not defined, or if it is not a unicode string, raise SystemError and return
NULL; otherwise return a reference to a Unicode object.

3.2 B RE.
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const char* PyModule_GetFilename (PyObject *module)
Similar to PyModule GetFilenameObject () butreturn the filename encoded to "utf-8’.

32 RIGE R PyModule GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule GetFilenameObject () instead.

Initializing C modules

Modules objects are usually created from extension modules (shared libraries which export an initialization function),
or compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()). See
building or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule_ Create (), and return the
resulting module object, or request “multi-phase initialization” by returning the definition struct itself.

PyModuleDef
The module definition struct, which holds all information needed to create a module object. There is usually
only one statically initialized variable of this type for each module.

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef HEAD_INIT.

const char *m_name

BRI 24 R

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.

Py_ssize_tm_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule_ GetState (), rather than in static globals. This makes modules safe for use in
multiple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ f ree function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global
state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m_size is required for multi-phase initializa-
tion.

See PEP 3121 for more details.

PyMethodDef* m_methods
A pointer to a table of module-level functions, described by PyMethodDe £ values. Can be NULL if no
functions are present.

PyModuleDef _Slot* m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When
using single-phase initialization, m_slots must be NULL.

TE 3.5 R EE P Prior to version 3.5, this member was always set to NULL, and was defined as:
inquiry m_reload

traverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed. This
function may be called before module state is allocated (PyModule GetState () may return NULL),
and before the Py_mod_exec function is executed.

inquirym_clear
A clear function to call during GC clearing of the module object, or NULL if not needed. This function
may be called before module state is allocated (PyModule_GetState () may return NULL), and
before the Py_mod_exec function is executed.
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Jfreefunc m_£free
A function to call during deallocation of the module object, or NULL if not needed. This function may
be called before module state is allocated (PyModule GetState () may return NULL), and before
the Py_mod_exec function is executed.

Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as "single-
phase initialization”, and uses one of the following two module creation functions:

PyObject* PyModule_Create (PyModuleDef *def)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Createl () with module_api_version set to PYTHON_API_VERSION.

PyObject* PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Create a new module object, given the definition in def, assuming the
API version module_api_version. If that version does not match the version of the running interpreter, a
RuntimeWarning is emitted.

{Efit:  Most uses of this function should be using PyModule_ Create () instead; only use this if you are
sure you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using func-
tions like PyModule AddObject ().

Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way
behave more like Python modules: the initialization is split between the creation phase, when the module object is cre-
ated, and the execution phase, when it is populated. The distinction is similar tothe __new__ () and __init__ ()

methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry
is removed and the module is re-imported, a new module object is created, and the old module is subject to normal
garbage collection -- as with Python modules. By default, multiple modules created from the same definition should
be independent: changes to one should not affect the others. This means that all state should be specific to the module
object (using e.g. using PyModule_GetState ()), or its contents (such as the module’s __dict__ orindividual
classes created with Py Type_ FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple
modules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PylInit_modulename) returns a PyModuleDef in-
stance with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the
following function:

PyObject* PyModuleDef_Init (PyModuleDef *def’)
Return value: Borrowed reference. Ensures a module definition is a properly initialized Python object that
correctly reports its type and reference count.

Returns def cast to PyObject*, or NULL if an error occurred.
3.5 FriR e
The m_slots member of the module definition must point to an array of PyModuleDef_Slot structures:

PyModuleDef_Slot

int slot
A slot ID, chosen from the available values explained below.
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void* value
Value of the slot, whose meaning depends on the slot ID.

3.5 B fE.
The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create
Specifies a function that is called to create the module object itself. The value pointer of this slot must point
to a function of the signature:

PyObject* create_module (PyObject *spec, PyModuleDef *def )

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should
return a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynam-
ically adjust to their place in the module hierarchy and be imported under different names through symlinks,
all while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_Type. Any type can be
used, as long as it supports setting and getting import-related attributes. However, only PyModule_Type
instances may be returned if the PyModuleDef has non-NULL m_traverse,m_clear, m_free; non-
zero m__size; or slots other than Py_mod_create.

Py_mod_exec
Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python
module: typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject* module)
If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

See PEP 489 for more details on multi-phase initialization.

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used directly,
for example when creating module objects dynamically. Note that both PyModule_FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. Create a new module object, given the definition in module and the Mod-
uleSpec spec. This behaves like PyModule_ FromDefAndSpec?Z () with module_api_version set to
PYTHON_API_VERSION.

3.5 B RE.

PyObject * PyModule_FromDefAndSpec2 (PyModuleDef  *def,  PyObject *spec, int mod-
ule_api_version)
Return value: New reference. Create a new module object, given the definition in module and the ModuleSpec
spec, assuming the API version module_api_version. If that version does not match the version of the running
interpreter, a Runt imeWarning is emitted.

{#fRt: Most uses of this function should be using PyModule_ FromDefAndSpec () instead; only use this
if you are sure you need it.
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3.5 BRI HE.

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def’)
Process any execution slots (Py_mod_exec) given in def.

3.5 B

int PyModule_SetDocString (PyObject *module, const char *docstring)
Set the docstring for module to docstring. This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 B

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Add the functions from the NULL terminated functions array to module. Refer to the PyMethodDef doc-
umentation for details on individual entries (due to the lack of a shared module namespace, module level
“functions” implemented in C typically receive the module as their first parameter, making them similar to
instance methods on Python classes). This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 B fE.

Support functions

The module initialization function (if using single phase initialization) or a function called from a module execution
slot (if using multi-phase initialization), can use the following functions to help initialize the module state:

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Add an object to module as name. This is a convenience function which can be used from the module’s initial-
ization function. This steals a reference to value on success. Return —1 on error, 0 on success.

{Ef#:  Unlike other functions that steal references, PyModule_AddObject () only decrements the refer-
ence count of value on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on
error. Example usage:

Py_INCREF (spam) ;

if (PyModule_AddObject (module, "spam", spam) < 0) {
Py_DECREF (module) ;
Py_DECREF (spam) ;
return NULL;

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Add an integer constant to module as name. This convenience function can be used from the module’s initial-
ization function. Return —1 on error, 0 on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Add a string constant to module as name. This convenience function can be used from the module’s initialization
function. The string value must be NULL-terminated. Return —1 on error, O on success.

int PyModule_AddIntMacro (PyObject *module, macro)
Add an int constant to module. The name and the value are taken from macro. For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF_INET with the value of
AF_INET to module. Return —1 on error, 0 on success.

int PyModule_AddStringMacro (PyObject *module, macro)
Add a string constant to module.
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Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter.
This allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can
be created from a single definition.

PyObject* PyState_FindModule (PyModuleDef *def')
Return value: Borrowed reference. Returns the module object that was created from def for the current
interpreter. This method requires that the module object has been attached to the interpreter state with
PyState_AddModule () beforehand. In case the corresponding module object is not found or has not
been attached to the interpreter state yet, it returns NULL.

int PyState_AddModule (PyObject *module, PyModuleDef *def)
Attaches the module object passed to the function to the interpreter state. This allows the module object to be
accessible via PyState_ FindModule ().

Only effective on modules created using single-phase initialization.

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary (but harm-
less) to call it from module initialization code. An explicit call is needed only if the module’s own init code
subsequently calls PyState_FindModule. The function is mainly intended for implementing alternative
import mechanisms (either by calling it directly, or by referring to its implementation for details of the required
state updates).

Return 0 on success or -1 on failure.
3.3 Fri e

int PyState_RemoveModule (PyModuleDef *def)
Removes the module object created from def from the interpreter state. Return 0 on success or -1 on failure.

3.3 B fE.

8.6.3 X ZBWIR

Python 2t 7PNl A AR . H— AR PPIEAE, B __getitem () IIAHEERF
B0 B AN AT X GER— A sentinel {6, S Jy 4 AP EEASTUR ) AR XSS, /LR ] sentinel {5
I EEHEAR

PyTypeObject PySeqIter_ Type
pySeqIter New () JRFIEAARNRIVEBN RN EFI KB NERE iter O WRSEILA,
int PySeqIter_Check (op)
MR op KA Ky pySeqiter Type MR true.
PyObject* PySeqIter_New (PyObject *seq)
Return value: New reference. 32 [n]—~5 & HLF 510 G — e 6 i 5085 seq. 2475097 F#RAET | K&
IndexError B}, EfLER.

PyTypeObject PyCallIter_Type
Hi % Pycalliter New () Ml iter () WEBRHHINSHILAR M)A RLERITR .

int PyCallIter_ Check (op)
W op RFLHPyCcalllter Type NIR[H true.

PyObject* PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. 1R [l — 85 ER . 55— 1S4 callable W] DA AT ] DAYE 3 S48
(G O T R A Python RIEFIXTS s AR FER R R MER T — I H « XY callable 3 7%
T sentinel F{EET, EACRFZ L.
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8.6.4 HARFFIR

‘L}—H‘

ARF” SEIAR GBI R . ENAAE TR R 7l

PyTypeObject PyProperty_Type

B IAFT IR 42

PyObject* PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)

Return value: New reference.

PyObject* PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)

Return value: New reference.

PyObject* PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)

Return value: New reference.

PyObject* PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped )

Return value: New reference.

PyObject* PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method )

Return value: New reference.

int PyDescr_IsData (PyObject *descr)

WSR2 descr HEABIREME, WERE true; WHEHGA Y, WR[E] false., descr WA HEA
FIXTS s A E IR

PyObject* PyWrapper_New (PyObject *, PyObject *)

Return value: New reference.

8.6.5 YR X

PyTypeObject PySlice_Type

DIRAMGHZEAXT R . ©5 Python JRII Y s1ice EMFRIMIXIER .

int PySlice_Check (PyObject *ob)

2R ob J&—A> slice X MR Bl EAE; ob Wh%/R K NULL,

PyObject* PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

Return value: New reference. iR [0]—A~ LG 45 B BRI FT slice %42, start, stop i step F&Z: 2% FAE slice
T GAH Y. 2 PR SRR o X BB AR — T RACH NULL, ZEX A O K5 None /0
XF I BB . QR BTRT R IG5 B3R [B] NULL,

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step)
M slice %42 slice $HU start, stop Fll step &5 |5, FFFH K ERM K length, KT length ) F 5S4 24
YEREIR .

IR R 0, IR R -1 FF HABE SR (BRARENFIS A4 None HICTAREEA I EEAL,
TEEFFIL R & W -1 9f s — D) .

PRATBEAN 2 FT B8 L R AL
TE 3.2 UM Z B slice ESHES AR PySliceObject*,

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step, Py_ssize_t *slicelength)
PySlice_GetIndices () WM . M slice %4 slice $2HY start, stop Fll step RG] 5, ¥FHK
T;)d] length , F-X59) (K BERFEAE slicelength v, 8 G FE RS 52 A5 7 —Bur 7 =X
PATH Y.

SR ] O, IR ] -1 I HAN BB R

W RO TR A KON TR VLR N LA . X R A PySsTice_Unpack ()
MpPyslice AdjustIndices () A, Hp
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if (PySlice_GetIndicesEx(slice, length, é&start, &stop, &step, &slicelength) <o
—0) A
// return error

}

KPR

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error
}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

JE 32 R Z Hi slice B SIHE PySliceObject *,

JE 3.6.1 i U5 py_LIMITED_API AREEINIXE N 0x03050400 5 0x03060000 Z HiHY
B (REHR) 8 0x03060100 BUH KN PySlice_GetIndicesEx () £x#fsiTlh— M
PySlice_Unpack () #l PySlice_AdjustIndices () %E. Z4X start, stop Kl step S WK
fH.

361 RIGER%: WH py_LIMITED_API & B N/NTF 0x03050400 B 003060000 5
0x03060100 Z[A)MME (NEIEBFAR) W PySlice_GetIndicesEx () NEF KL

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
MY] % G o start, stop I step 5 i SR ICH C B840, WM KT PY_SSTZE_T_MAX
HI{E JK /N5 PY_SSIZE_T_MAX, ¥ ERHL ¥ /NT PY_SSIZE_T_MIN [ start il stop {H 3 KK
PY_SSIZE_T_MIN, FH¥ERMNE/NT -PY_SSIZE_T_MAX H step {HIM KN -PY_SSIZE_T_MAX,

AR -1, AR [E] 0
3.6.1 I E.

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize t *start, Py_ssize_t *stop,
Py_ssize_t step)

Hf start/end Y )1 RG-SR E 79 K BEREATINEE . B IHTERI RG-S 2 55 @Y — B 07

KT
BB . R R 2. A2 Python fUH5.
3.6.1 Fr I fie.

8.6.6 Ellipsis 3%

PyObject *Py_Ellipsis
Python ff] E11lipsis X4, MM RBEALMIT A B A GALATHALRS G — R T X BEG5
. 5Py _None — R BHIXTS.

8.6.7 MemoryView &

—/> memoryview R CRHMLZ RIE 7 FFEN— 0] PABALATHAD XS — #1211 Python X4 .

PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. MFEEGZ i DX 11 (X5 A 28 memoryview X5, IR obj (4¢P 5 Lok
X, W memoryview X GRF Al AR B/, 5B AT RE KR, dnl DA T s BATHUE R
B,

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)

Return value: New reference. ¥ [l mem 1k} )2 2% vf XA & — > memoryview Xf 42, flags 1] PA 2
PyBUF_READ (¥ PyBUF_WRITE . —.

3.3 B .
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PyObject *PyMemoryView_FromBuffer (Py_buffer *view)
Return value: New reference. f1)7#— MM & 45 € Zeif X 4544 view 1Y) memoryview XF 4. T f B
WHEMIX, PyMemoryView FromMemory () &M PEEREL.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. M g LGP X 3% 0 X541 B —A~ memoryview X G2 contiguous PIF7H
(#£°C 8 ’Fortran order #1) . W1 N2 SN, W memoryview XF 4R35 A R IANAF. S0, &2 HlH
H. memoryview F8[i] 1) bytes %4,

int PyMemoryView_Check (PyObject *obj)
TR X5 obj /& memoryview X152, NR[E] true . H A RGFE) 7 memoryview B T35,

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
1R [H] 3§ 1] memoryview )5t & i IXFAA B A 55T . mview #5205 — 1> memoryview SCf1 5 XN 7%
AR TR, JRUATHE CARAT, 75 AR I 3 15 XU o

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
iR 5 memoryview P E T By T b X Z w9 f5 £, B FH W0 R memoryview L H OB
%ﬂleMemoryView_FromMemory () ﬁPyMemoryView_FromBuffer () ﬁIJ £ ] 1% [B] NULL,
mview B — memoryview SL .

8.6.8 §55| AR

Python 3ZH5 “5595| 117 MR . BMARUL, AWM EIZLIET XS H—Mpt2 i sms]
FIXSG, 2 ARl REHAE I N — RS G AR

int PyWeakref_Check (ob)
W “ob” @E—AH| HEiE— XS, MR true,

int PyWeakref_CheckRef (ob)
R “ob” JE—AN5IH, WRM true.

int PyWeakref_CheckProxy (ob)
R “ob” E— MRS, WRME true.

PyObject* PyWeakref NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. iR [H]X} 42 ob [F)— 5551 X 4. ZERELE &Rk Bl—N 5 i, |
ARIEAN A HRTS; ERERRREANAERSI NS 5 AES callback J—> 1]
X%, BT ob Bi/E Bk MU BHEZIGE A BN % — N RMIES, BE5 XN EA S,
callback 7] P None 5 NULL, {15 ob N2 N5951 HIXIS, S MR callback A2 ] i X}
4 . None B{ NULL, ZR¥CER[E NULL 3+ H5| % TypeError.,

PyObject* PyWeakref_ NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. iR [FIXF 4 ob [1]—1~555] FIABEXT S . % eRECRE B2 R Bl — 851
{EARRIEQIE AR S BA RBR M — A AR B S . 85— ANMEZ callback “h—A~1] 1]
XS, BT ob B/ Bk FIR B IGE A BN ZEg N RMIES, BISs AXEA g,
callback 1] PR None B¢ NULL, 1R ob AN @&—A~5951 XS, B R callback A~ 2 W& X
4. None BY, NULL, ZKRFCER[E NULL 3+ H5| % TypeError.,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. 32 [0 555 | X142 ref Wk X2 . RS | A2 ATAALE, W)

iR [H] Py_None.,

At PR BRI G R GA) A ** ERAYTIH ** XRRE BRARARARE REAE AR B 39 )i 4>
XERA T e, B MRROZIG AR RS R Py_INCREF ()

PyObject* PyWeakref_GET_OBJECT (PyObject *ref)
Return value: Borrowed reference. 23{l)Pyiieakref GetObject (), {BEEIN—AASEEG LT

Vel

/N
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8.6.9 IR&+E
A RAR FX BERT R 5 2215 75 S ) using-capsules..
3.1 %ﬁﬂﬁiﬁ HB
PyCapsule

XAPyobject BT RIAR BRI, &M TR RUBIE (FFh voidx $8%f) jliid Python
ARG EEEE HAL C AT C PREER . ERHE PR — M S C s BUE T AR
Bl i, AR AT AGE LS AL eSS B p e b L C APL,

PyCapsule_Destructor

ARSI — T gk o] — e s, s LA

typedef void (*PyCapsule_Destructor) (PyObject *);

Z i PyCapsule New () F¥3RHL PyCapsule_Destructor 1% [Al{H [ 1E

int PyCapsule_CheckExact (PyObject *p)
MR SR —APyCapsule Nk [A True

PyObject* PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. f)|— A 5% T pointer [{jPyCapsule. pointer 27 0] DA K NULL.

TE R WO B — A S5 4R M) NULL,

FAFER name W] PAJE NULL 8@ — M8 A R0 C FAFER RS . QRA S NULL, 245 5 b
ML capsule K (B ARVFALE destructor FREICE . )

IR destructor ZH0A ) NULL, W24 & 9l 5 B RRE BT capsule VE S HCERTEHH -

St capsule Rf gE AR AE N — A BLHAE M, W name [V Y4 B F5 2 A modulename.
attributename. X¥F AFHAMMBIYF T PyCcapsule Import () 5 AN capsule,

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)

PEUURAEAE capsule W) pointer, HER W5 & A5 1% 7] NULL,

name J&Z: WM 5 RAFAE capsule WY PRI TR LU . WIERERAFAE capsule Hf¥ 44754 NULL, W
15 AHY name W05 NULL., Python 2x{fiff] C iK% strcmp () 3K H% capsule & F5 .

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)

IR [BIPRAE A capsule HHH Y BIMTAO RS o 762 MORHE B — > 78 IR 7] NULL.,

HA NULL M 2 B En . X215 NULL aR [BIM{EA L0 3 5 PyCapsule_Isvalid()
B{PyErr Occurred () FeiHEE X,

void* PyCapsule GetContext (PyObject *capsule)
AR [ PRAFALE capsule HHRY 4T SCo TR IBUR BB —> 57 I & 0] NULL,

capsule H A NULL | F 32 &K K. X & 45 NULL 0& [0 14 L G 3
HPycapsule IsValid() B{PyErr Occurred () FiHEEE X,

const char* PyCapsule_GetName (PyObject *capsule)

R [ RAFAE capsule HH 4 BT FR . 7E I M BB — AR 8 H4& [F] NULL,

capsule H 7 NULL % % 2 & & M. X & 15 NULL & [ 8 F 2 i G 5 il
HPyCapsule Isvalid() 8{PyErr_Occurred () JEJEEE L.

void* PyCapsule_Import (const char *name, int no_block)

M—DBEHHT capsule J& T AR 0] C X R FEEF. name T2 N 445 @ /M ER A, 5
module.attribute HH—F. LRIELE capsule FP1) name Vol 524 VB LFARFER . UISR no_block
SHEAE, WIPATCPHZER K ALY (f Py Import_ImportModuleNoBlock ()). U no_block
HBME, WPAMEGREA FABIR (] Py Import ImportModule (),

IR [F] capsule [ PYHED 484t . TR M B — R IR M NULL,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
14 5E capsule 215 =— A - AR capsule WM A A NULL, f£i# PyCapsule CheckExact (),
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wH AP A AN NuLL g A, FHHE N EAKRE name XS M ILE.  (iF 2
i pyCapsule _GetPointer () T fUfarxt capsule% RIEAT LR A M5 R )

Pea)iEYL, MR PyCapsule_IsvValid () iRFIEAE, WATMXIiH#E (PA PyCapsule_Get () JF
SLHATAT AL TR AR ORI 2 ) o

RN QARG TR AR FRGR [ AR, BIaRE 0. BLeRE—E A2 K.

int PyCapsule_SetContext (PyObject *capsule, void *context)

¥f capsule PRI _E R SCHEETHBEN context .
JREIIIR ] 00 SRR [l R A I BB — A

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)

Y- capsule WERINTHY#SE A destructor .
BUEHRE] 0 SRMES IR B HE A I R —A 7

int PyCapsule_SetName (PyObject *capsule, const char *name)
K capsule WEFHIZFRBN name. GIFAH NULL, WA FRAFAAE ALY capsule BEAC . AR Z i
FRAFAE capsule H1) name N>k NULL, MIASZAREE .

JREI IR ] 00 SRR [l R BRI BB A S

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

Kf capsule ]R3 454 BEA pointer . f5EH ATl NULL,
JREIIR ] 00 SRR [l R A I BB — A

8.6.10 A piEXIR
Az i 42 2 Python SR SEEUAE AR AUAR O & AT T3E AR R R EOR B, AR 2

LR PyGen_New () B{PyGen_NewWithQualName (),

PyGenObject

T HE AR AT S C S5t 1A
PyTypeObject PyGen_Type
SRS R o UE SUIATIE RO
int PyGen_Check (PyObject *ob)
WA ob j2— A EINEA R IR B EL{E; ob 7N NULL,

int PyGen_CheckExact (PyObject *ob)
W2 ob KRN PyGen_ Type WERITEAE; ob WA K NULL,

PyObject* PyGen_New (PyFrameObject *frame)
Return value: New reference. J£T frame YR AN HH & [l —SH A0 A g xT 5. RS BUE — A
frame {5 . SR NULL,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. J:T frame Yt LG R Ml — A H A g4, Hd _ _name_
__qualname__ %} name Fl qualname. BCeREBGE—AXF frame BI5|1 1 . frame ZH LR H
NULL,
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8.6.11 {hiZ¥sR

3.5 B IhE.
IR RIZ I async SBE P B R £l a1 Y .
PyCoroObject
TN G C S5H 1A
PyTypeObject PyCoro_Type
SRR AR 42
int PyCoro_CheckExact (PyObject *ob)
2R ob M Z Py Coro_Type WERIEEE; ob /AN NULL.

PyObject* PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. £ frame X} 5 AN & I 1% [l — N H A REXT %, H _ name_ Al
__qualname__ XN name 1 qualname. WREIEHAG—XT frame 5. frame ZEHIAR R
NULL,

8.6.12 F T TEMR

TEMR: 75 3.7.10 R AE Python 3.7.1 Py ETRSCEE R C APL A 1 WBUCHE ] Pyob ject $7EH

MAEPyContext, PyContextVar P\ PyContext Token, fFlUl:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

PE IS S 5] issue: * 347627,

3.7 B ge.
FTRANG T contextvars fE R H C AP,

PyContext
F T3/~ contextvars.Context X4 C Z5HA,

PyContextVar
T3R8 contextvars.ContextVar XfRAY C MK,

PyContextToken
TR contextvars. Token XJRA) C Z5HK,

PyTypeObject PyContext_Type
PR context BRI RAINT G

PyTypeObject PyContextVar_Type
FEIR context variable ZER I ZRTIN 52

PyTypeObject PyContextToken_Type
278 context variable token JST ISR 42

FRG AT -
int PyContext_CheckExact (PyObject *o)
W o WA R pyContext_Type WEREIEAH . o AR A NULL, BLRREUE &SR AT.

int PyContextVar_CheckExact (PyObject *o)
W 0 KA PyContext Var_ Type MR E(H. o IIAN NULL. HHELE R 2 MEHAAT.
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int PyContextToken_CheckExact (PyObject *o0)
R o WREL N PyContext Token Type MR E(H. o WAURA NULL. HREUR 2 BMIIPAT

RSO R R A

PyObject *PyContext_New (void)
Return value: New reference. Bl — )25 1R OSSR kA #5 W)3R [9] NULL,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. BT % A cox bR SONGIAEHE DL, WS 4 AR 4515 3R 8] NULL.

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. S|4 FTEAE IR SCAYPHE UL . WS & A H5 2 W3R W] NULL,

int PyContext_Enter (PyObject *ctx)
K coe PO BIAFER S BT B R 3C. B m o, HAFmHRE -1,
int PyContext_Exit (PyObject *ctx)

BOHHAE coc BT SOHRFZ BT B SO0 A BT AR 24 /i B 3C. iR ] 0, Hi & Nk (]
_10

int PyContext_ClearFreeList ()

2 B SRR . R m] BRI A5 H B AL BERR LR S N T
B CE R A

PyObject *PyContextVar_New (const char *name, PyObject *def)
Relurn value: New reference. GBI E— i) ContextVar 4. 5 name T HIEAEE MR H K.
% def H bR 3B AR EEGME, SO NULL FRoR BEOAE. R AR, X e A2y ik ]

NULL

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
Xﬁ%ﬁgiﬁr i E’Jﬁ WERAEA R AR T A R R R, R -1, PR KRR, itk
FIME, ARRMEP707°

ﬁﬂ%ﬁ?@]i?iﬁ%, value ¥ 238 ERIHRE . QR BN SUE R SRR KB, value FHGI :
e default_value, YNHIE “NULL*;
s var BFERCAE, WRAE NULL;
e NULL

B 7RIl NULL, XA~ pRE IR ol —AEig 5 .

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 722401 1 F X H ¥ var ¥25 value, R [B141%F MG i dext &, B
AR & AR A R NGR [F] NULL,

int PyContextVar_Reset (PyObject *var, PyObject *token)
BN SR var E’Jﬁtluiﬁjﬂ I:T [a] token WjPyContextVar Set () HHMZ AIFPIRE. 1
BRBUIISIR ] O, AR

8.6.13 DateTime W&

datetime FRHFRML T 2Rl H RTINS 5 o 60 AT ixX S s 5 2 77, Wb A AEAR IR R A rh A 45 3k 5
4 datetime.h (GERE N CHEHH ALK MLEAE Python.h /1), FHHZE PyDateTlme_IMPORT it ¥ A
BV, R BRI R B —3 5 . XD E SRR R E C M Ta 5 A — S &
PyDateTimeAPI ', T R Z LM,

ZVi UTC §ifi:

PyObject* PyDateTime_TimeZone_UTC
IR FE UTC g X B, 5 datetime.timezone.utc NfE—%14,

3.7 B fE
KRG :
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int PyDate_Check (PyObject *ob)
5 ob K PyDateTime_DateType ZAlnl PyDateTime_DateType MFEAT2AN)IR [0 BH.
ob INfE>H NULL,

int PyDate_CheckExact (PyObject *ob)
WS ob 2 PyDateTime_DateType ZEFIMIR [ BfH . ob AFEN NULL,

int PyDateTime_Check (PyObject *ob)
W5 ob k) PyDateTime_DateTimeType KA al PyDateTime_DateTimeType M3/ T2 A

MR B Bl . ob ANFEN NULL,

int PyDateTime_CheckExact (PyObject *ob)
N5 ob * PyDateTime_DateTimeType KAINRFEAE. ob ANEEN NULL,

int PyTime_Check (PyObject *ob)
IR ob P2 AI R PyDateTime_TimeType B /& PyDateTime_TimeType B T-2EHI 1% B BAH.
ob WM A NULL,

int PyTime_CheckExact (PyObject *ob)
R ob (TR PyDateTime_TimeType MR [F E(H., ob MoK NULL,

int PyDelta_Check (PyObject *ob)
IR ob ) PyDateTime_DeltaType FHEf PyDateTime_DeltaType FYFEAT-ZALN)R ] E
{H. ob AfEHN NULL,

int PyDelta_CheckExact (PyObject *ob)
W5 ob " PyDateTime_DeltaType KANR F EfH. ob ANFEN NULL,

int PyTZInfo_Check (PyObject *ob)
W ob 2y PyDateTime_TZInfoType JHIE{ PyDateTime _TZInfoType HHAF A MR A
Bff. ob AN NULL,

int PyTZInfo_CheckExact (PyObject *ob)
R ob (TR PyDateTime_TZInfoType MIR[EIEIH. ob AHE A NULL,

TR R

PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. 1IR3 EH. H. HH) datetime.date X4,

PyObject* PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second,

int usecond)
Return value: New reference. 1% [B| A 55 year, month, day, hour, minute, second FI microsecond J& {41

datetime.datetime ¥4,

PyObject* PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,
int second, int usecond, int fold)
Return value: New reference. 12| B A5 35 %€ year, month, day, hour, minute, second, microsecond #f1 fold J&
M datetime.datetime ¥[&,

3.6 BN HE.

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. 12 |0 B4 $5 5£ hour, minute, second and microsecond J& 4 datetime.

time X,

PyObject* PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. 112 [A| H. 75 $5 72 hour, minute, second, microsecond #1 fold J& ] datet ime.
time ¥4,

3.6 B fiE.

PyObject* PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. IR[BICRHE R . PHMFIEY datetime . timedelta 4. FHHAT
TEFALBRAE DA fe Z A AP AP SR FE datet ime . timedelta XM SRS FRIIRI X EZ A .
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PyObject* PyTimeZone_FromOffset (PyDateTime_DeltaType* offset)
Return value: New reference. 12 []—/> datetime.timezone X}4, ZW S EG VA offset ZHFRIN
A A 24 [ 7 I 22
3.7 FrhR e

PyObject* PyTimeZone_FromOffsetAndName (PyDateTime_DeltaType* offset, PyUnicode* name)
Return value: New reference. iR 1]—/~ datetime.timezone ¥, ZXI% HA VA offset ZHFE R
[E] 78 B 22 FN N} X 4 B name.,
3.7 B HEE.

— S B R M date XF 5 PR BCF BLH) . B & PyDateTime_Date i $F H 7 2& (i 4n
PyDateTime_DateTime) F5Lfl. SEAAIA N NULL, I HIRBURY: A4

int PyDateTime_GET_YEAR (PyDateTime_Date *o0)
PATEFEEA T 20 [l AR 4B

int PyDateTime_GET_ MONTH (PyDateTime_Date *0)
BMELH, M0 F] 12 [HEE%L

int PyDateTime_GET_ DAY (PyDateTime_Date *0)
A CIRE R PNV IR K-S/ @

— M datetime PR FHRHUF B E . ZHULIE PyDateTime_DateTime Wi HFIRILH. &
B AR NULL, H HRBUR S PG #:
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *o0)
R E/INEE, A0 2] 23 AL
int PyDateTime_ DATE_GET_MINUTE (PyDateTime_DateTime *0)

REMh, A0 F SO HEAL

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
WREED, MO B 59 AL

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *o)
RIEHED, MO 3] 999999 [REAL .

—HAPRM time XFR HHR T B . SR PyDateTime _Time ffFIHTRAYSLHI. SHL
AR NULL, I HEBA LY A
int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *o)
IR[EZINEE, A0 B 23 [ REEL
int PyDateTime_TIME_GET_ MINUTE (PyDateTime_Time *0)
MmO 2] 59 AL
int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
IREFR, MO F 59 (R

int PyDateTime_TIME_GET_ MICROSECOND (PyDateTime_Time *o)
IR ED, A O 5] 999999 (1%

—LEH R timedelta X[ 4RI BN 7% . SHA @ PyDateTime_Delta WHiH FRAGLH]. S5
MBI A NULL, I HRAURN S 9lG

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
IR RE, M-999999999 | 999999999 HyEEEK .

3.3 B fE.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
R AE, A0 2 86399 frHEEAL.

3.3 BRI HE.

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
R AL, A0 F] 999999 HFEEL .
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3.3 B fE.
— LTRSS DB APT 75
PyObject* PyDateTime_FromTimestamp (PyObject *args)

Return value: New reference. £ 1R [0 — NG EITCHS I H datetime.datetime &, &EH
f£44 datetime.datetime. fromtimestamp () »

PyObject* PyDate_FromTimestamp (PyObject *args)
Return value: New reference. B3R [0l — 44 ETCHSHH datetime.date W, EHELH
datetime.date.fromtimestamp (),

8.6. Hithtzk 129



The Python/C API, % 3.8.13

130 Chapter 8. AZHMRE



CHAPTER 9

iRl LE45FLIE

152 R Python 45 LELE

9.1 # Python #ig{t 280

E—MEA T Python BN HIFEFH, Py_Initialize () BRECLATEALATHAL Python/C APL b4 i
BRI BIANR AR BN & o e 5

TERIGAL Python Z i, R PAZ: A sy JH DA eR &K
o FLE L
— PyImport_AppendInittab ()
— PyImport_ExtendInittab ()
— PyInitFrozenExtensions ()
— PyMem SetAllocator()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator ()
— Py_SetPath()
— Py_SetProgramName ()
— Py _SetPythonHome ()
— Py_SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption ()
— PySys_ResetWarnOptions ()
o [EE AL
— Py _IsInitialized()
— PyMem_GetAllocator ()

— PyObject_GetArenaAllocator ()
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Py_GetBuildInfo()

Py_GetCompiler ()
— Py _GetCopyright ()
— Py_GetPlatform()
— Py _GetVersion ()
« TH
— Py_DecodeLocale ()
© WAFM SR :
— PyMem_RawMalloc ()

— PyMem_RawRealloc ()

PyMem RawCalloc ()

— PyMem_ RawFree ()

i O AR BB B A M % fEPy _Initialize(): Py_EncodeLocale (),
Py_GetPath(), Py_GetPrefix(), Py_GetExecPrefix(), Py _GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () %l]PyEval_InitThreads () ﬁﬁﬂ;‘])ﬂc

9.2 2REETE

Python 7 S e il 4 I PR [RURRPERIAE STAOAS . 32 A BRI v 11

A RIBE AR, IR AECRE 2 B E I IR AL Bilt, -b &kfPy BytesWarningFlag
WM 1M —bb 228 Py_BytesWarningFlag ¥4 2.

int Py_BytesWarningFlag
Issue a warning when comparing bytes or bytearray with str or bytes with int. Issue an error if
greater or equal to 2.

dﬂ -b iﬁIﬁ&EO

int Py_DebugFlag
Turn on parser debugging output (for expert only, depending on compilation options).

Set by the —d option and the PYTHONDEBUG environment variable.

int Py_DontWriteBytecodeFlag
If set to non-zero, Python won’t try to write . pyc files on the import of source modules.

Set by the —B option and the PYTHONDONTWRITEBYTECODE environment variable.

int Py_FrozenFlag
Suppress error messages when calculating the module search path in Py_GetPath ().

Private flag used by _freeze_importlib and frozenmain programs.

int Py_HashRandomizationFlag
Set to 1 if the PYTHONHASHSEED environment variable is set to a non-empty string.

If the flag is non-zero, read the PYTHONHASHSEED environment variable to initialize the secret hash seed.

int Py_IgnoreEnvironmentFlag
ZWS T PYTHON* REEAS Ry, Bilan vl fEEL % B HY) PYTHONPATH Al PYTHONHOME,

i -E fl - T 30 E .
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int Py_InspectFlag
When a script is passed as first argument or the —c option is used, enter interactive mode after executing the
script or the command, even when sys . stdin does not appear to be a terminal.

Set by the —1 option and the PYTHONINSPECT environment variable.
int Py_InteractiveFlag

Y -1 PEIi .
int Py_IsolatedFlag

Run Python in isolated mode. In isolated mode sys.path contains neither the script’s directory nor the
user’s site-packages directory.

HE] -I ﬁIﬁ&Eo
3.4 FIRE.

int Py_LegacyWindowsFSEncodingFlag
If the flag is non-zero, use the mbcs encoding instead of the UTF-8 encoding for the filesystem encoding.

Set to 1 if the PYTHONLEGACYWINDOWSFSENCODING environment variable is set to a non-empty string.
AREZHAMELE, S5 PEP 529,
u] F 4 Windows .,

int Py_LegacyWindowsStdioFlag
If the flag is non-zero, use 10 .FileIO instead of WindowsConsoleIO for sys standard streams.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
FRELZVEAFER., S PEP 528,
Al i E: Windows.

int Py_NoSiteFlag
B site WA KBTI RT3 (X sys.path #EfE. PR site RAEMEHE AT
ABSEE LA AR B A BB site.main (),

EE =S ﬁIﬁﬁﬁo

int Py_NoUserSiteDirectory

AR H P site-packages HZEME| sys.path,
Set by the —s and - I options, and the PYTHONNOUSERSITE environment variable.

int Py_OptimizeFlag
Set by the —O option and the PYTHONOPTIMIZE environment variable.

int Py_QuietFlag
RPEEAE A AT A s BRI AR

B —g BRI
3.2 Bl Hise.
int Py_UnbufferedStdioFlag
Force the stdout and stderr streams to be unbuffered.

Set by the —u option and the PYTHONUNBUFFERED environment variable.

int Py_VerboseFlag
Print a message each time a module is initialized, showing the place (filename or built-in module) from which
it is loaded. If greater or equal to 2, print a message for each file that is checked for when searching for a
module. Also provides information on module cleanup at exit.

Set by the —v option and the PYTHONVERBOSE environment variable.
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9.3 Initializing and finalizing the interpreter

void Py_Initialize ()

Initialize the Python interpreter. In an application embedding Python, this should be called before using any
other Python/C API functions; see Before Python Initialization for the few exceptions.

This initializes the table of loaded modules (sys.modules), and creates the fundamental modules
builtins, __main__ and sys. It also initializes the module search path (sys.path). It does not set
sys.argv;use PySys_SetArgvEx () for that. This is a no-op when called for a second time (without
calling Py_FinalizeEx () first). There is no return value; it is a fatal error if the initialization fails.

{Eff:  On Windows, changes the console mode from O_TEXT to O_BINARY, which will also affect non-
Python uses of the console using the C Runtime.

void Py_InitializeEx (int initsigs)

This function works like Py Tnitialize () if initsigsis 1. If initsigs is O, it skips initialization registration
of signal handlers, which might be useful when Python is embedded.

intPy_IsInitialized()

Return true (nonzero) when the Python interpreter has been initialized, false (zero) if not. After
Py _FinalizeEx () is called, this returns false until Py_Tnitialize () is called again.

int Py_FinalizeEx ()

Undo all initializations made by Py Tnitialize () and subsequent use of Python/C API functions, and
destroy all sub-interpreters (see Py_NewInterpreter () below) that were created and not yet destroyed
since the last call to Py Initialize (). Ideally, this frees all memory allocated by the Python interpreter.
This is a no-op when called for a second time (without calling Py_ Tnitialize () again first). Normally
the return value is 0. If there were errors during finalization (flushing buffered data), —1 is returned.

This function is provided for a number of reasons. An embedding application might want to restart Python
without having to restart the application itself. An application that has loaded the Python interpreter from a
dynamically loadable library (or DLL) might want to free all memory allocated by Python before unloading the
DLL. During a hunt for memory leaks in an application a developer might want to free all memory allocated
by Python before exiting from the application.

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may
cause destructors (__del__ () methods) to fail when they depend on other objects (even functions) or mod-
ules. Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory
allocated by the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in
circular references between objects is not freed. Some memory allocated by extension modules may not be
freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py _Tnitialize () and Py _FinalizeEx () more than once.

Raises an auditing event cpython._PySys_ClearAuditHooks with no arguments.

3.6 BRI HE.

void Py_Finalize ()

This is a backwards-compatible version of Py_FinalizeEx () that disregards the return value.
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9.4 Process-wide parameters

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
This function should be called before Py Initialize (), if itis called at all. It specifies which encoding
and error handling to use with standard IO, with the same meanings as in str.encode ().

It overrides PYTHONIOENCODING values, and allows embedding code to control IO encoding when the
environment variable does not work.

encoding and/or errors may be NULL to use PY THONIOENCOD ING and/or default values (depending on other
settings).

Note that sys.stderr always uses the “backslashreplace” error handler, regardless of this (or any other)
setting.

If Py FinalizeEx () is called, this function will need to be called again in order to affect subsequent calls
toPy_Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been initialized).
3.4 B RE.

void Py_ SetProgramName (const wchar_t *name)
This function should be called before Py Tnitialize () is called for the first time, if it is called at all. It
tells the interpreter the value of the argv [0] argument to the main () function of the program (converted
to wide characters). This is used by Py GetPath () and some other functions below to find the Python run-
time libraries relative to the interpreter executable. The default value is 'python'. The argument should
point to a zero-terminated wide character string in static storage whose contents will not change for the duration
of the program’s execution. No code in the Python interpreter will change the contents of this storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar* Py_GetProgramName ()
Return the program name set with Py SetProgramName (), or the default. The returned string points into
static storage; the caller should not modify its value.

wchar_t* Py_GetPrefix ()
Return the prefix for installed platform-independent files. This is derived through a number of complicated rules
from the program name set with Py Set ProgramName () and some environment variables; for example, if
the program name is ' /usr/local/bin/python’, the prefixis ' /usr/local'. The returned string
points into static storage; the caller should not modify its value. This corresponds to the prefix variable in
the top-level Makefile and the ——prefix argument to the configure script at build time. The value is
available to Python code as sys.prefix. Itis only useful on Unix. See also the next function.

wchar_t* Py_GetExecPrefix ()

Return the exec-prefix for installed platform-dependent files. This is derived through a number of com-
plicated rules from the program name set with Py SetProgramName () and some environment vari-
ables; for example, if the program name is ' /usr/local/bin/python’', the exec-prefix is ' /usr/
local'. The returned string points into static storage; the caller should not modify its value. This corre-
sponds to the exec_prefix variable in the top-level Makefile and the ——exec—prefix argument to
the configure script at build time. The value is available to Python code as sys.exec_prefix. Itis
only useful on Unix.

Background: The exec-prefix differs from the prefix when platform dependent files (such as executables and
shared libraries) are installed in a different directory tree. In a typical installation, platform dependent files
may be installed in the /usr/local/plat subtree while platform independent may be installed in /usr/
local.

Generally speaking, a platform is a combination of hardware and software families, e.g. Sparc machines run-
ning the Solaris 2.x operating system are considered the same platform, but Intel machines running Solaris 2.x
are another platform, and Intel machines running Linux are yet another platform. Different major revisions of
the same operating system generally also form different platforms. Non-Unix operating systems are a different
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story; the installation strategies on those systems are so different that the prefix and exec-prefix are meaning-
less, and set to the empty string. Note that compiled Python bytecode files are platform independent (but not
independent from the Python version by which they were compiled!).

System administrators will know how to configure the mount or automount programs to share /usr/
local between platforms while having /usr/local/plat be a different filesystem for each platform.

wchar_t* Py_GetProgramFullPath ()

Return the full program name of the Python executable; this is computed as a side-effect of deriving the default
module search path from the program name (set by Py SetProgramName () above). The returned string
points into static storage; the caller should not modify its value. The value is available to Python code as
sys.executable.

wchar_t* Py_GetPath ()

Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a
series of directory names separated by a platform dependent delimiter character. The delimiter character is
': ' on Unix and Mac OS X, '; ' on Windows. The returned string points into static storage; the caller
should not modify its value. The list sys . path is initialized with this value on interpreter startup; it can be
(and usually is) modified later to change the search path for loading modules.

void Py_SetPath (const wchar_t *)

Set the default module search path. If this function is called before Py_TInitialize (), then
Py_GetPath () won't attempt to compute a default search path but uses the one provided instead. This
is useful if Python is embedded by an application that has full knowledge of the location of all modules. The
path components should be separated by the platform dependent delimiter character, which is ' : ' on Unix
and Mac OS X, '; ' on Windows.

This also causes sys.executable to be set to the program full path (see
Py_GetProgramFullPath()) and for sys.prefix and sys.exec_prefix to be empty. It
is up to the caller to modify these if required after calling Py_Tnitialize ().

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
The path argument is copied internally, so the caller may free it after the call completes.

TE 3.8 iR t: The program full path is now used for sys.executable, instead of the program name.

const char* Py_GetVersion ()

Return the version of this Python interpreter. This is a string that looks something like

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

The first word (up to the first space character) is the current Python version; the first three characters are the
major and minor version separated by a period. The returned string points into static storage; the caller should
not modify its value. The value is available to Python code as sys.version.

const char* Py_GetPlatform ()

Return the platform identifier for the current platform. On Unix, this is formed from the “official” name of
the operating system, converted to lower case, followed by the major revision number; e.g., for Solaris 2.x,
which is also known as SunOS 5.x, the value is ' sunos5'. On Mac OS X, itis 'darwin'. On Windows,
itis 'win"'. The returned string points into static storage; the caller should not modify its value. The value is
available to Python code as sys.platform.

const char* Py_GetCopyright ()

Return the official copyright string for the current Python version, for example
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'’

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as sys.copyright.

const char* Py_GetCompiler ()

Return an indication of the compiler used to build the current Python version, in square brackets, for example:
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"[GCC 2.7.2.2]"

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as part of the variable sys.version.

const char* Py_GetBuildInfo ()

Return information about the sequence number and build date and time of the current Python interpreter
instance, for example

"#67, Aug 1 1997, 22:34:28"

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as part of the variable sys.version.

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)

Set sys.argv based on argc and argv. These parameters are similar to those passed to the program’s
main () function with the difference that the first entry should refer to the script file to be executed rather
than the executable hosting the Python interpreter. If there isn’t a script that will be run, the first entry in
argv can be an empty string. If this function fails to initialize sys . argv, a fatal condition is signalled using
Py FatalError ().

If updatepath is zero, this is all the function does. If updatepath is non-zero, the function also modifies sys .
path according to the following algorithm:

 If the name of an existing script is passed in argv [0], the absolute path of the directory where the
script is located is prepended to sys .path.

e Otherwise (that is, if argc is 0 or argv [0] doesn’t point to an existing file name), an empty string is
prepended to sys . path, which is the same as prepending the current working directory (" . ").

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

{Ef#: Ttisrecommended that applications embedding the Python interpreter for purposes other than executing
a single script pass O as updatepath, and update sys .path themselves if desired. See CVE-2008-5983.

On versions before 3.1.3, you can achieve the same effect by manually popping the first sys.path element
after having called PySys_SetArgv (), for example using:

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 FIIfE.

void PySys_SetArgv (int argc, wchar_t **argv)

This function works like PySys_SetArgvEx () with updatepath set to 1 unless the python interpreter
was started with the —T.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

TE 3.4 JiUEE UL The updatepath value depends on — 1.

void Py_SetPythonHome (const wchar_t *home)

Set the default "home” directory, that is, the location of the standard Python libraries. See PYTHONHOME for
the meaning of the argument string.

The argument should point to a zero-terminated character string in static storage whose contents will not change
for the duration of the program’s execution. No code in the Python interpreter will change the contents of this
storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

w_char* Py_GetPythonHome ()

Return the default "home™, that is, the value set by a previous call to Py_SetPythonHome (), or the value
of the PYTHONHOME environment variable if it is set.
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9.5 Thread State and the Global Interpreter Lock

The Python interpreter is not fully thread-safe. In order to support multi-threaded Python programs, there’s a global
lock, called the global interpreter lock or GIL, that must be held by the current thread before it can safely access
Python objects. Without the lock, even the simplest operations could cause problems in a multi-threaded program:
for example, when two threads simultaneously increment the reference count of the same object, the reference count
could end up being incremented only once instead of twice.

Therefore, the rule exists that only the thread that has acquired the G/L may operate on Python objects or call Python/C
API functions. In order to emulate concurrency of execution, the interpreter regularly tries to switch threads (see
sys.setswitchinterval ()). Thelockis also released around potentially blocking I/O operations like reading
or writing a file, so that other Python threads can run in the meantime.

The Python interpreter keeps some thread-specific bookkeeping information inside a data structure called
PyThreadState. There’s also one global variable pointing to the current Py ThreadState: it can be retrieved
using PyThreadState_Get ().

9.5.1 Releasing the GIL from extension code

Most extension code manipulating the GIL has the following simple structure:

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

This is so common that a pair of macros exists to simplify it:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation
Py_END_ALLOW_THREADS

The Py BEGIN_ALLOW_THREADS macro opens a new block and declares a hidden local variable; the
Py_END_ALLOW_THREADS macro closes the block.

The block above expands to the following code:

PyThreadState *_save;

_save = PyEval_sSaveThread();
. Do some blocking I/O operation
PyEval_RestoreThread (_save);

Here is how these functions work: the global interpreter lock is used to protect the pointer to the current thread state.
When releasing the lock and saving the thread state, the current thread state pointer must be retrieved before the
lock is released (since another thread could immediately acquire the lock and store its own thread state in the global
variable). Conversely, when acquiring the lock and restoring the thread state, the lock must be acquired before storing
the thread state pointer.

{EffE: Calling system I/O functions is the most common use case for releasing the GIL, but it can also be useful before
calling long-running computations which don’t need access to Python objects, such as compression or cryptographic
functions operating over memory buffers. For example, the standard z1ib and hashlib modules release the GIL
when compressing or hashing data.
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9.5.2 jE Python G|/ IE

When threads are created using the dedicated Python APIs (such as the threading module), a thread state is
automatically associated to them and the code showed above is therefore correct. However, when threads are created
from C (for example by a third-party library with its own thread management), they don’t hold the GIL, nor is there
a thread state structure for them.

If you need to call Python code from these threads (often this will be part of a callback API provided by the afore-
mentioned third-party library), you must first register these threads with the interpreter by creating a thread state
data structure, then acquiring the GIL, and finally storing their thread state pointer, before you can start using the
Python/C APIL. When you are done, you should reset the thread state pointer, release the GIL, and finally free the
thread state data structure.

The PyGILState_Ensure () and PyGILState_Release () functions do all of the above automatically.
The typical idiom for calling into Python from a C thread is:

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction();
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* () functions assume there is only one global interpreter (created automatically by
Py_Initialize ()).Pythonsupports the creation of additional interpreters (using Py NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* () API is unsupported.

9.5.3 Cautions about fork()

Another important thing to note about threads is their behaviour in the face of the C fork () call. On most systems
with fork (), after a process forks only the thread that issued the fork will exist. This has a concrete impact both
on how locks must be handled and on all stored state in CPython’s runtime.

The fact that only the “current” thread remains means any locks held by other threads will never be released. Python
solves this for os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards.
In addition, it resets any lock-objects in the child. When extending or embedding Python, there is no way to inform
Python of additional (non-Python) locks that need to be acquired before or reset after a fork. OS facilities such
as pthread_atfork () would need to be used to accomplish the same thing. Additionally, when extending
or embedding Python, calling fork () directly rather than through os. fork () (and returning to or calling into
Python) may result in a deadlock by one of Python’s internal locks being held by a thread that is defunct after the
fork. PyOS_AfterFork_Child () tries to reset the necessary locks, but is not always able to.

The fact that all other threads go away also means that CPython’s runtime state there must be cleaned up properly,
which os. fork () does. This means finalizing all other Py ThreadState objects belonging to the current inter-
preter and all other PyInterpreterState objects. Due to this and the special nature of the "main” interpreter,

fork () should only be called in that interpreter’s “main” thread, where the CPython global runtime was originally
initialized. The only exception is if exec () will be called immediately after.
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9.5.4 Sk API

These are the most commonly used types and functions when writing C extension code, or when embedding the
Python interpreter:

PyInterpreterState
This data structure represents the state shared by a number of cooperating threads. Threads belonging to the
same interpreter share their module administration and a few other internal items. There are no public members
in this structure.

Threads belonging to different interpreters initially share nothing, except process state like available memory,
open file descriptors and such. The global interpreter lock is also shared by all threads, regardless of to which
interpreter they belong.

PyThreadState
This data structure represents the state of a single thread. The only public data member is interp
(PyInterpreterState *), which points to this thread’s interpreter state.

void PyEval_InitThreads ()
Initialize and acquire the global interpreter lock. It should be called in the main thread before creating a second
thread or engaging in any other thread operations such as PyEval_ReleaseThread (tstate). Itis not
needed before calling PyEval SaveThread () or PyEval RestoreThread ().

This is a no-op when called for a second time.

TE 3.7 Hi ¥ g This function is now called by Py Tnitialize (), so you don’t have to call it yourself
anymore.

JE 3.2 JiRFE PR This function cannot be called before Py Tnitialize () anymore.

int PyEval_ThreadsInitialized()
Returns a non-zero value if PyEval_ TnitThreads () hasbeen called. This function can be called without
holding the GIL, and therefore can be used to avoid calls to the locking API when running single-threaded.

JE 3.7 P The GIL is now initialized by Py Tnitialize ().

PyThreadState* PyEval_SaveThread ()
Release the global interpreter lock (if it has been created) and reset the thread state to NULL, returning the
previous thread state (which is not NULL). If the lock has been created, the current thread must have acquired
it.

void PyEval_RestoreThread (PyThreadState *tstate)
Acquire the global interpreter lock (if it has been created) and set the thread state to fstate, which must not be
NULL. If the lock has been created, the current thread must not have acquired it, otherwise deadlock ensues.

{:fiR: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

PyThreadState* PyThreadState_Get ()
Return the current thread state. The global interpreter lock must be held. When the current thread state is
NULL, this issues a fatal error (so that the caller needn’t check for NULL).

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
Swap the current thread state with the thread state given by the argument zstate, which may be NULL. The
global interpreter lock must be held and is not released.

The following functions use thread-local storage, and are not compatible with sub-interpreters:

PyGILState_STATE PyGILState_Ensure ()
Ensure that the current thread is ready to call the Python C API regardless of the current state of Python,
or of the global interpreter lock. This may be called as many times as desired by a thread as long as
each call is matched with a call to PyGILState Release (). In general, other thread-related APIs
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may be used between PyGILState Ensure () and PyGILState Release () calls as long as the
thread state is restored to its previous state before the Release(). For example, normal usage of the
Py _BEGIN_ALLOW_THREADS and Py_END_ALLOW_THREADS macros is acceptable.

The return value is an opaque “handle” to the thread state when PyGILState_Ensure () was called, and
must be passed to PyGILState_Release () to ensure Python is left in the same state. Even though
recursive calls are allowed, these handles cannot be shared - each unique call to PyGILState Ensure ()
must save the handle for its call to PyGTIL.State Release ().

When the function returns, the current thread will hold the GIL and be able to call arbitrary Python code.
Failure is a fatal error.

{i:f#: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing/()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

void PyGILState_Release (PyGILState_STATE)
Release any resources previously acquired. After this call, Python’s state will be the same as it was prior to the
corresponding PyGILState_Ensure () call (but generally this state will be unknown to the caller, hence
the use of the GILState API).

Everycallto PyGILState Ensure () must be matched byacallto PyGILState Release () onthe
same thread.

PyThreadState* PyGILState_GetThisThreadState ()
Get the current thread state for this thread. May return NULL if no GILState API has been used on the current
thread. Note that the main thread always has such a thread-state, even if no auto-thread-state call has been
made on the main thread. This is mainly a helper/diagnostic function.

int PyGILState_Check ()
Return 1 if the current thread is holding the GIL and 0 otherwise. This function can be called from any thread
at any time. Only if it has had its Python thread state initialized and currently is holding the GIL will it return
1. This is mainly a helper/diagnostic function. It can be useful for example in callback contexts or memory
allocation functions when knowing that the GIL is locked can allow the caller to perform sensitive actions or
otherwise behave differently.

3.4 B fE.

The following macros are normally used without a trailing semicolon; look for example usage in the Python source
distribution.

Py_BEGIN_ALLOW_THREADS
This macro expands to { PyThreadState *_save; _save = PyEval_SaveThread() ;. Note
that it contains an opening brace; it must be matched with a following Py_ END_ALLOW_THREADS macro.
See above for further discussion of this macro.

Py _END_ALLOW_THREADS
WYk PyEval_RestoreThread (_save); }. HREMASMNEETES; BOM52ZH
)Py _BEGIN_ALLOW_THREADS VL. 205 L SCASE— e it % .

Py_BLOCK_THREADS
This macro expands to PyEval_RestoreThread(_save);: it
Py_END_ALLOW_THREADS without the closing brace.

[

S equivalent to

Py_UNBLOCK_THREADS
This macro expands to _save = PyEval_SaveThread();: it is equivalent to
Py_BEGIN_ALLOW_THREADS without the opening brace and variable declaration.

9.5. Thread State and the Global Interpreter Lock 141



The Python/C API, % 3.8.13

9.5.5 Low-level API

All of the following functions must be called after Py_Tnitialize ().
TE 3.7 MW Py_Initialize () now initializes the GIL.

PylnterpreterState* PyInterpreterState_New ()
Create a new interpreter state object. The global interpreter lock need not be held, but may be held if it is
necessary to serialize calls to this function.

Raises an auditing event cpython.PyInterpreterState_New with no arguments.

void PyInterpreterState_Clear (PylnterpreterState *interp)
Reset all information in an interpreter state object. The global interpreter lock must be held.

Raises an auditing event cpython.PyInterpreterState_Clear with no arguments.

void PyInterpreterState_Delete (PylnterpreterState *interp)
Destroy an interpreter state object. The global interpreter lock need not be held. The interpreter state must
have been reset with a previous call to Py InterpreterState _Clear ().

PyThreadState* PyThreadState_New ( PylnterpreterState *interp)
Create a new thread state object belonging to the given interpreter object. The global interpreter lock need not
be held, but may be held if it is necessary to serialize calls to this function.

void PyThreadState_Clear (PyThreadState *tstate)
Reset all information in a thread state object. The global interpreter lock must be held.

void PyThreadState_Delete (PyThreadState *tstate)
Destroy a thread state object. The global interpreter lock need not be held. The thread state must have been
reset with a previous call to PyThreadState_Clear ().

PY_INT64_T PyInterpreterState_GetID (PylnterpreterState *interp)
Return the interpreter’s unique ID. If there was any error in doing so then -1 is returned and an error is set.

3.7 B RE.

PyObject* PyInterpreterState_GetDict (PylnterpreterState *interp)
Return a dictionary in which interpreter-specific data may be stored. If this function returns NULL then no
exception has been raised and the caller should assume no interpreter-specific dict is available.

This is not a replacement for PyModule_GetState (), which extensions should use to store interpreter-
specific state information.

3.8 B fiE.

PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. Return a dictionary in which extensions can store thread-specific state
information. Each extension should use a unique key to use to store state in the dictionary. It is okay to call
this function when no current thread state is available. If this function returns NULL, no exception has been
raised and the caller should assume no current thread state is available.

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
Asynchronously raise an exception in a thread. The id argument is the thread id of the target thread; exc is the
exception object to be raised. This function does not steal any references to exc. To prevent naive misuse, you
must write your own C extension to call this. Must be called with the GIL held. Returns the number of thread
states modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL, the pending
exception (if any) for the thread is cleared. This raises no exceptions.

JE 3.7 IR FE ¥ The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
Acquire the global interpreter lock and set the current thread state to #state, which should not be NULL. The
lock must have been created earlier. If this thread already has the lock, deadlock ensues.
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{ifif: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

£ 3.8 kR HE W Updated to be consistent with PyEval RestoreThread(),
Py _END_ALLOW_THREADS (), and PyGILState_ Ensure (), and terminate the current thread
if called while the interpreter is finalizing.

PyEval_RestoreThread () is a higher-level function which is always available (even when threads have
not been initialized).

void PyEval_ReleaseThread (PyThreadState *tstate)
Reset the current thread state to NULL and release the global interpreter lock. The lock must have been created
earlier and must be held by the current thread. The fstate argument, which must not be NULL, is only used to
check that it represents the current thread state --- if it isn’t, a fatal error is reported.

PyEval_SaveThread () is a higher-level function which is always available (even when threads have not
been initialized).

void PyEval_AcquirelLock ()
Acquire the global interpreter lock. The lock must have been created earlier. If this thread already has the
lock, a deadlock ensues.

32 it J5 B # F&:  This function does not update the current thread state. Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.

{Eff#:  Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

¥ 3.8 MR OE W Updated to be consistent with PyEval_ RestoreThread(),
Py _END_ALLOW_THREADS (), and PyGILState_Ensure (), and terminate the current thread
if called while the interpreter is finalizing.

void PyEval_ReleaseLock ()
Release the global interpreter lock. The lock must have been created earlier.

32 it J5 B # F&:  This function does not update the current thread state. Please use
PyEval_SaveThread () or PyEval_ReleaseThread () instead.

9.6 Sub-interpreter support

While in most uses, you will only embed a single Python interpreter, there are cases where you need to create several
independent interpreters in the same process and perhaps even in the same thread. Sub-interpreters allow you to do
that.

The ”"main” interpreter is the first one created when the runtime initializes. It is usually the only Python interpreter in
a process. Unlike sub-interpreters, the main interpreter has unique process-global responsibilities like signal handling.
It is also responsible for execution during runtime initialization and is usually the active interpreter during runtime
finalization. The PyTnterpreterState_Main () function returns a pointer to its state.

You can switch between sub-interpreters using the PyThreadState_Swap () function. You can create and de-
stroy them using the following functions:

PyThreadState* Py_NewInterpreter ()
Create a new sub-interpreter. This is an (almost) totally separate environment for the execution of Python
code. In particular, the new interpreter has separate, independent versions of all imported modules, including
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the fundamental modules builtins, _ main__ and sys. The table of loaded modules (sys .modules)
and the module search path (sys . path) are also separate. The new environment has no sy s . argv variable.
It has new standard I/O stream file objects sys.stdin, sys.stdout and sys.stderr (however these
refer to the same underlying file descriptors).

The return value points to the first thread state created in the new sub-interpreter. This thread state is made
in the current thread state. Note that no actual thread is created; see the discussion of thread states below. If
creation of the new interpreter is unsuccessful, NULL is returned; no exception is set since the exception state
is stored in the current thread state and there may not be a current thread state. (Like all other Python/C API
functions, the global interpreter lock must be held before calling this function and is still held when it returns;
however, unlike most other Python/C API functions, there needn’t be a current thread state on entry.)

Extension modules are shared between (sub-)interpreters as follows:

e For modules using multi-phase initialization, e.g. PyModule_ FromDefAndSpec (), a separate
module object is created and initialized for each interpreter. Only C-level static and global variables
are shared between these module objects.

» For modules using single-phase initialization, e.g. PyModule Create (), the first time a particular
extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictionary is squir-
reled away. When the same extension is imported by another (sub-)interpreter, a new module is initialized
and filled with the contents of this copy; the extension’s init function is not called. Objects in the mod-
ule’s dictionary thus end up shared across (sub-)interpreters, which might cause unwanted behavior (see
Bugs and caveats below).

Note that this is different from what happens when an extension is imported after the interpreter has been
completely re-initialized by calling Py _FinalizeEx () and Py _Initialize ();in that case, the
extension’s initmodule function is called again. As with multi-phase initialization, this means that
only C-level static and global variables are shared between these modules.

void Py_EndInterpreter (PyThreadState *tstate)
Destroy the (sub-)interpreter represented by the given thread state. The given thread state must be the current
thread state. See the discussion of thread states below. When the call returns, the current thread state is NULL.
All thread states associated with this interpreter are destroyed. (The global interpreter lock must be held before
calling this function and is still held when it returns.) Py_FinalizeEx () will destroy all sub-interpreters
that haven’t been explicitly destroyed at that point.

9.6.1 $HiRFIE L

Because sub-interpreters (and the main interpreter) are part of the same process, the insulation between them isn’t
perfect --- for example, using low-level file operations like os . close () they can (accidentally or maliciously) affect
each other’s open files. Because of the way extensions are shared between (sub-)interpreters, some extensions may not
work properly; this is especially likely when using single-phase initialization or (static) global variables. It is possible
to insert objects created in one sub-interpreter into a namespace of another (sub-)interpreter; this should be avoided
if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes between sub-
interpreters, since import operations executed by such objects may affect the wrong (sub-)interpreter’s dictionary of
loaded modules. It is equally important to avoid sharing objects from which the above are reachable.

Also note that combining this functionality with PyGILState_* () APIs is delicate, because these APIs as-
sume a bijection between Python thread states and OS-level threads, an assumption broken by the presence of
sub-interpreters. It is highly recommended that you don’t switch sub-interpreters between a pair of matching
PyGILState_Ensure () and PyGILState Release () calls. Furthermore, extensions (such as ctypes)
using these APIs to allow calling of Python code from non-Python created threads will probably be broken when
using sub-interpreters.
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9.7 FEEH

A mechanism is provided to make asynchronous notifications to the main interpreter thread. These notifications take

the form of a function pointer and a void pointer argument.

int Py_AddPendingCall (int (*func)(void *), void *arg)

Schedule a function to be called from the main interpreter thread. On success, 0 is returned and func is queued
for being called in the main thread. On failure, —1 is returned without setting any exception.

When successfully queued, func will be eventually called from the main interpreter thread with the argument
arg. It will be called asynchronously with respect to normally running Python code, but with both these con-

ditions met:
* on a bytecode boundary;

 with the main thread holding the global interpreter lock (func can therefore use the full C API).

func must return O on success, or —1 on failure with an exception set. func won’t be interrupted to perform
another asynchronous notification recursively, but it can still be interrupted to switch threads if the global

interpreter lock is released.

This function doesn’t need a current thread state to run, and it doesn’t need the global interpreter lock.

He.
=

C threads. Instead, use the PyGILState API.

This is a low-level function, only useful for very special cases. There is no guarantee that func
will be called as quick as possible. If the main thread is busy executing a system call, func won’t be called
before the system call returns. This function is generally not suitable for calling Python code from arbitrary

3.1 B fE.

9.8 SrHTFOERER

The Python interpreter provides some low-level support for attaching profiling and execution tracing facilities. These

are used for profiling, debugging, and coverage analysis tools.

This C interface allows the profiling or tracing code to avoid the overhead of calling through Python-level callable
objects, making a direct C function call instead. The essential attributes of the facility have not changed; the interface
allows trace functions to be installed per-thread, and the basic events reported to the trace function are the same as

had been reported to the Python-level trace functions in previous versions.

int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)

The type of the trace function registered using PyEval SetProfile () and PyEval_ SetTrace ().
The first parameter is the object passed to the registration function as obj, frame is the frame object to which the
event pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what B9{&

arg B & X

PyTrace_CALL

B REPy_ None.

PyTrace_EXCEPTION

sys.exc_info () RFIFFEEE .

PyTrace_LINE

B2 Py_ None.

PyTrace_RETURN

Value being returned to the caller, or NULL if caused by an exception.

PyTrace_C_CALL

IEAEVR JH BRSO 52

PyTrace_C_EXCEPTION | [EfEVEHRBOTE .
PyTrace_C_RETURN IEFEE H R B 4 .

PyTrace_OPCODE

E\%Py_l\]on e.

9.7. REBA
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int PyTrace_CALL
The value of the what parameter to a Py_ t racefunc function when a new call to a function or method is
being reported, or a new entry into a generator. Note that the creation of the iterator for a generator function
is not reported as there is no control transfer to the Python bytecode in the corresponding frame.

int PyTrace_EXCEPTION
The value of the what parameter to a Py_ t racefunc function when an exception has been raised. The
callback function is called with this value for what when after any bytecode is processed after which the
exception becomes set within the frame being executed. The effect of this is that as exception propagation
causes the Python stack to unwind, the callback is called upon return to each frame as the exception propagates.
Only trace functions receives these events; they are not needed by the profiler.

int PyTrace_LINE
The value passed as the what parameter to a Py_t race func function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.

int PyTrace_RETURN
The value for the what parameter to Py_ t race func functions when a call is about to return.

int PyTrace_C_CALL
The value for the what parameter to Py_t race func functions when a C function is about to be called.

int PyTrace_C_EXCEPTION
The value for the what parameter to Py_ t race func functions when a C function has raised an exception.

int PyTrace_C_RETURN
The value for the what parameter to Py_ t race func functions when a C function has returned.

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new
opcode is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)
Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may
be any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj
for each thread provides a convenient and thread-safe place to store it. The profile function is called for all
monitored events except PyTrace_LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)
Set the tracing function to func. This is similar to PyEval_SetProfile (), except the tracing function
does receive line-number events and per-opcode events, but does not receive any event related to C func-
tion objects being called. Any trace function registered using PyEval_ SetTrace () will not receive
PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what pa-
rameter.

9.9 BRI IBIZHF

These functions are only intended to be used by advanced debugging tools.

PylInterpreterState* PyInterpreterState_Head ()
Return the interpreter state object at the head of the list of all such objects.

PyInterpreterState* PyInterpreterState_Main ()
Return the main interpreter state object.

PylInterpreterState* PyInterpreterState_Next (PylnterpreterState *interp)
Return the next interpreter state object after interp from the list of all such objects.

PyThreadState * PyInterpreterState_ThreadHead (PylnterpreterState *interp)
Return the pointer to the first Py ThreadState object in the list of threads associated with the interpreter
interp.

146 Chapter 9. #isft, LKREEFLLTE



The Python/C API, % 3.8.13

PyThreadState* PyThreadState_Next (PyThreadState *tstate)
Return the next thread state object after #state from the list of all such objects belonging to the same
PyInterpreterState object.

9.10 Thread Local Storage Support

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native
TLS implementation to support the Python-level thread local storage API (threading.local). The CPython
C level APIs are similar to those offered by pthreads and Windows: use a thread key and functions to associate a
void* value per thread.

The GIL does not need to be held when calling these functions; they supply their own locking.

Note that Python . h does not include the declaration of the TLS APIs, you need to include pythread.h to use
thread-local storage.

{#f#:  None of these API functions handle memory management on behalf of the void* values. You need to
allocate and deallocate them yourself. If the void* values happen to be PyObject *, these functions don’t do
refcount operations on them either.

9.10.1 Thread Specific Storage (TSS) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

3.7 B HE.
S
”A New C-API for Thread-Local Storage in CPython” (PEP 539)

Py tss_t
This data structure represents the state of a thread key, the definition of which may depend on the underlying
TLS implementation, and it has an internal field representing the key’s initialization state. There are no public
members in this structure.

When Py_LIMITED_API is not defined, static allocation of this type by Py tss_NEEDS_INIT is allowed.

Py_tss_NEEDS_INIT
This macro expands to the initializer for Py_ tss_ t variables. Note that this macro won’t be defined with
Py_LIMITED_API.

Dynamic Allocation

Dynamic allocation of the Py_tss_ t, required in extension modules built with Py_LIMITED_API, where static
allocation of this type is not possible due to its implementation being opaque at build time.

Py_tss_t* PyThread_tss_alloc ()
Return a value which is the same state as a value initialized with Py_tss_NEEDS_INIT, or NULL in the
case of dynamic allocation failure.

void PyThread_tss_free (Py_1ss_t *key)
Free the given key allocated by PyThread tss_alloc(), after first calling
PyThread_tss_delete () to ensure any associated thread locals have been unassigned. This is a
no-op if the key argument is NULL.

Wf#: A freed key becomes a dangling pointer, you should reset the key to NULL.
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Bk

The parameter key of these functions must not be NULL. Moreover, the behaviors of PyThread tss_set ()
and PyThread_ tss_get () are undefined if the given Py _tss_t has not been initialized by
PyThread_ tss_create().

int PyThread_tss_is_created (Py_1ss_t *key)
Return a non-zero value if the given Py_tss_ t has been initialized by PyThread tss_create ().

int PyThread_tss_create (Py_fss_t *key)
Return a zero value on successful initialization of a TSS key. The behavior is undefined if the value pointed to
by the key argument is not initialized by Py_t ss_NEEDS_INIT. This function can be called repeatedly on
the same key -- calling it on an already initialized key is a no-op and immediately returns success.

void PyThread_tss_delete (Py_fss_t *key)
Destroy a TSS key to forget the values associated with the key across all threads, and change the key’s initial-
ization state to uninitialized. A destroyed key is able to be initialized again by Py Thread_tss_create ().
This function can be called repeatedly on the same key -- calling it on an already destroyed key is a no-op.

int PyThread_tss_set (Py_tss_t *key, void *value)
Return a zero value to indicate successfully associating a void* value with a TSS key in the current thread.
Each thread has a distinct mapping of the key to a void* value.

void* PyThread_tss_get (Py_tss_t *key)
Return the void* value associated with a TSS key in the current thread. This returns NULL if no value is
associated with the key in the current thread.

9.10.2 Thread Local Storage (TLS) API

3.7 B JG EL#8F8: This API is superseded by Thread Specific Storage (TSS) API.

{Ef#: This version of the API does not support platforms where the native TLS key is defined in a way that cannot
be safely cast to int. On such platforms, PyThread_ create_key () will return immediately with a failure
status, and the other TLS functions will all be no-ops on such platforms.

BT RSB A R, S AR A 6 AR Y APT
int PyThread_create_key ()

void PyThread_delete_key (int key)

int PyThread_set_key_value (int key, void *value)

void* PyThread_get_key_value (int key)

void PyThread_delete_key_value (int key)

void PyThread_ReInitTLS ()
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PyConfig
PyPreConfig
PyStatus

PyWideStringList

PyConfig Clear()

PyConfig InitIsolatedConfig/()
PyConfig _InitPythonConfig()
PyConfig_Read/()

PyConfig _SetArgv ()

PyConfig SetBytesArgv()
PyConfig_SetBytesString ()
PyConfig_SetString()

PyConfig SetWideStringList ()
PyPreConfig _InitIsolatedConfig/()
PyPreConfig InitPythonConfig()
PyStatus_Error ()
PyStatus_Exception ()
PyStatus_Exit ()
PyStatus_IsError()
PyStatus_IsExit ()

PyStatus_NoMemory ()
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PyStatus_Ok ()
PywWideStringList_Append()
PyWideStringList_Insert ()
Py_ExitStatusException ()
Py_InitializeFromConfig/()

Py PrelInitialize()
Py_PrelnitializeFromArgs ()
Py_PrelInitializeFromBytesArgs ()

Py_RunMain ()

The preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig and the configuration
(PyConfigtype)isstored in PyInterpreterState.config.

2 Winitialization, Finalization, and Threads.

S

PEP 587 "Python ¥J 14 (L iR B,

10.1 PyWideStringList

PyWideStringList

List of wchar_t* strings.

If length is non-zero, items must be non-NULL and all strings must be non-NULL.

Tk

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
Append item to list.

Python must be preinitialized to call this function.

PyStatus PyWideStringList_Insert (PyWideStringList — *list,  Py_ssize_t index,
wchar_t *item)
Insert item into list at index.

If index is greater than or equal to list length, append item to list.
index must be greater than or equal to 0.
Python must be preinitialized to call this function.

Structure fields:

Py_ssize_t length
List K J&,
wchar_t** items

FIRTIH -

const
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10.2 PyStatus

PyStatus
Structure to store an initialization function status: success, error or exit.

For an error, it can store the C function name which created the error.
Structure fields:

int exitcode
Exit code. Argument passed to exit ().

const char *err_msg
HiRER
const char *funec
Name of the function which created an error, can be NULL.

Functions to create a status:
PyStatus PyStatus_Ok (void)
R
7[352 °
PyStatus PyStatus_Error (const char *err_msg)

Initialization error with a message.

PyStatus PyStatus_NoMemory (void)
Memory allocation failure (out of memory).

PyStatus PyStatus_Exit (int exitcode)
PAFEE iR 3 AADIR S Python,

Functions to handle a status:

int PyStatus_Exception (PyStatus status)

Is the status an error or an exit? If true, the exception must be handled; by calling

Py_ExitStatusException () for example.

int PyStatus_IsError (PyStatus status)
SRR IRNG?

int PyStatus_IsExit (PyStatus status)
AR IR

void Py_ExitStatusException (PyStatus status)

Call exit (exitcode) if status is an exit. Print the error message and exit with a non-zero exit code

if status is an error. Must only be called if PyStatus_Exception (status) is non-zero.

{Ef#: Internally, Python uses macros which set PyStatus . func, whereas functions to create a status set func

to NULL.

Il

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;

}
return PyStatus_O0Ok();

int main(int argc, char **argv)

{

(3

10.2. PyStatus
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void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

}

PyMem_Free (ptr);

return 0O;

10.3 PyPreConfig

PyPreConfig
Structure used to preinitialize Python:

* Set the Python memory allocator
¢ Configure the LC_CTYPE locale
o PN UTF-8 i

Function to initialize a preconfiguration:

void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)
Initialize the preconfiguration with Python Configuration.

void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)
Initialize the preconfiguration with Isolated Configuration.

Structure fields:

int allocator
Name of the memory allocator:

e PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults)

e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators

e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks

e PYMEM_ALLOCATOR_MALLOC (3): force usage of malloc ()

e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator

e PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug
hooks

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBRUG are not sup-
ported if Python is configured using ——without-pymalloc

Z: I, Memory Management.

int configure_locale
Set the LC_CTYPE locale to the user preferred locale? If equals to 0, set coerce_c_locale and
coerce_c_locale_warntoO.

int coerce_c_locale
If equals to 2, coerce the C locale; if equals to 1, read the LC_CTYPE locale to decide if it should be
coerced.

int coerce_c_locale_warn
If non-zero, emit a warning if the C locale is coerced.

int dev_mode
2 PyConfig.dev_mode.
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int isolated
%N PyConfig.isolated.

int legacy_windows_fs_encoding (Windows only)
If non-zero, disable UTF-8 Mode, set the Python filesystem encoding to mbcs, set the filesystem error
handler to replace.

Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.

int parse_argv
If non-zero, Py PrelInitializeFromArgs ()and Py PrelnitializeFromBytesArgs ()
parse their argv argument the same way the regular Python parses command line arguments: see
Command Line Arguments.

int use_environment
%N PyConfig.use_environment.

int ut £8_mode
If non-zero, enable the UTF-8 mode.

10.4 Preinitialization with PyPreConfig

Functions to preinitialize Python:

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
Preinitialize Python from preconfig preconfiguration.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char *

const *argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (bytes strings).

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t * const * argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (wide strings).

The caller is responsible to handle exceptions (error or exit) using PyStatus_Exception() and
Py ExitStatusException ().

For Python Configuration (PyPreConfig_InitPythonConfig ()),if Python is initialized with command line
arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the —-X ut £8 command line option enables the UTF-8 Mode.

PyMem_SetAllocator () can be called after Py_PrelInitialize() and before
Py _InitializeFromConfig() to install a custom memory allocator. It can be called before
Py_Prelnitialize () if PyPreConfig.allocatorissetto PYMEM_ALLOCATOR_NOT_SET

Python memory allocation functions like PyMem RawMalloc () must not be used before Python preinitialization,
whereas calling directlymalloc () and free () isalwayssafe. Py_DecodeLocale () mustnot be called before
the preinitialization.

Example using the preinitialization to enable the UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) |
Py_ExitStatusException (status);

}

/* at this point, Python will speak UTF-8 */
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Py_Initialize();
/* ... use Python API here ... */
Py_Finalize();

10.5 PyConfig

PyConfig
Structure containing most parameters to configure Python.

Structure methods:

void PyConfig_InitPythonConfig (PyConfig *config)
Initialize configuration with Python Configuration.

void PyConfig_InitIsolatedConfig (PyConfig *config)
Initialize configuration with Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t * const *config_str, const wchar_t *str)
Copy the wide character string str into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t * const *config_str, const

char *str)
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t * const *argv)
Set command line arguments from wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char * const *argv)
Set command line arguments: decode bytes using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, PyWideStringList *list,
Py_ssize_t length, wchar_t **items)
Set the list of wide strings list to length and items.

Preinitialize Python if needed.

PyStatus PyConfig_Read (PyConfig *config)
Read all Python configuration.

Fields which are already initialized are left unchanged.
Preinitialize Python if needed.

void PyConfig_Clear (PyConfig *config)
Release configuration memory.

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configu-
ration in based on the PyConfig. If configuration fields which are in common with PyPreConfig are
tuned, they must be set before calling a PyConfig method:

* dev_mode
e isolated
* parse_argv

* use_environment
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Moreover, if PyConfig _SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called first, before other methods, since the preinitialization configuration depends on command line arguments
(if parse_argv is non-zero).

The caller of these methods is responsible to handle exceptions (error or exit) using
PyStatus_Exception () and Py_ExitStatusException ().

Structure fields:

PyWideStringList axrgv
Command line arguments, sys.argv. See parse_argv to parse argv the same way the regular
Python parses Python command line arguments. If argv is empty, an empty string is added to ensure
that sys.argv always exists and is never empty.

wchar_t* base_exec_prefix
sys.base_exec_prefix.

wchar_t* base_executable
sys._base_executable: __ PYVENV_LAUNCHER___ environment variable value, or copy of
PyConfig.executable.

wchar_t* base_prefix
sys.base_prefix.

int buffered_stdio
If equals to 0, enable unbuffered mode, making the stdout and stderr streams unbuffered.

stdin is always opened in buffered mode.

int bytes_warning
If equals to 1, issue a warning when comparing bytes or bytearray with st r, or comparing bytes
with int. If equal or greater to 2, raise a BytesWarning exception.

wchar_t* check_hash_pycs_mode
Control  the validation behavior of hash-based .pyc files (see PEP 552):
——check-hash-based-pycs command line option value.

Valid values: always, never and default.
HRINE K default.

int configure_c_stdio
If non-zero, configure C standard streams (stdio, stdout, stdout). For example, set their mode
to O_BINARY on Windows.

int dev_mode
Development mode: see —X dev.

int dump_refs
If non-zero, dump all objects which are still alive at exit.

Require a debug build of Python (Py_REF_DEBUG macro must be defined).

wchar_t* exec_prefix
sys.exec_prefix.

wchar_t* executable
sys.executable.

int faulthandler
If non-zero, call faulthandler.enable () atstartup.

wchar_t* filesystem_encoding
Filesystem encoding, sys.getfilesystemencoding ().

wchar_t* filesystem_errors
Filesystem encoding errors, sys.getfilesystemencodeerrors ().

unsigned long hash_seed
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int use_hash_seed
Randomized hash function seed.

If use_hash_seedis zero, a seed is chosen randomly at Pythonstartup, and hash_seed is ignored.

wchar_t* home
Python home directory.

Initialized from PYTHONHOME environment variable value by default.

int import_time
If non-zero, profile import time.

int inspect
Enter interactive mode after executing a script or a command.

int install_signal_handlers
Install signal handlers?

int interactive
T H A

int isolated
If greater than O, enable isolated mode:

* sys.path contains neither the script’s directory (computed from argv [0] or the current direc-
tory) nor the user’s site-packages directory.

¢ Python REPL doesn’t import readline nor enable default readline configuration on interactive
prompts.

e Set use_environment and user_site_directorytoO.

int legacy_windows_stdio
If non-zero, use io.FileIOinstead of io.WindowsConsoleIOforsys.stdin, sys.stdout
and sys.stderr.

Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.

intmalloc_stats
If non-zero, dump statistics on Python pymalloc memory allocator at exit.

The option is ignored if Python is built using ——without-pymalloc.

wchar_t* pythonpath_env
Module search paths as a string separated by DELIM (os .path.pathsep).

Initialized from PYTHONPATH environment variable value by default.
PyWideStringList module_search_paths

int module_search_paths_set
sys.path. If module_search_paths_set is equal to 0, the module_search_paths is
overridden by the function calculating the Path Configuration.

int optimization_level
Compilation optimization level:

¢ 0: Peephole optimizer (and __debug___is set to True)
¢ 1: Remove assertions, set __debug__ to False
* 2: Strip docstrings

int parse_argv
If non-zero, parse argv the same way the regular Python command line arguments, and strip Python
arguments from argv: see Command Line Arguments.

int parser_debug
If non-zero, turn on parser debugging output (for expert only, depending on compilation options).
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int pathconfig_warnings
If equal to O, suppress warnings when calculating the Path Configuration (Unix only, Windows does not
log any warning). Otherwise, warnings are written into stderr.

wchar_t* prefix
sys.prefix.

wchar_t* program_name
Program name. Used to initialize executable, and in early error messages.

wchar_t* pycache_prefix
sys.pycache_prefix: .pyc cache prefix.

If NULL, sys.pycache_prefixissetto None.

intquiet
Quiet mode. For example, don’t display the copyright and version messages in interactive mode.

wchar_t* run_command
python3 —c COMMAND argument. Used by Py_ RunMain ().

wchar_t* run_filename
python3 FILENAME argument. Used by Py RunMain ().

wchar_t* run_module
python3 -m MODULE argument. Used by Py RunMain ().

int show_alloc_count
Show allocation counts at exit?

Setto 1 by -X showalloccount command line option.
Need a special Python build with COUNT_ALLOCS macro defined.

int show_ref_ count
Show total reference count at exit?

Setto 1 by -X showrefcount command line option.

Need a debug build of Python (Py_REF_DEBUG macro must be defined).
int site_import

Import the site module at startup?

int skip_source_first_line
Skip the first line of the source?

wchar_t* stdio_encoding

wchar_t* stdio_errors
Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr.

int tracemalloc
If non-zero, call tracemalloc.start () atstartup.

int use_environment
If greater than O, use environment variables.

intuser_site_directory
If non-zero, add user site directory to sys .path.

int verbose
If non-zero, enable verbose mode.

PyWideStringList warnoptions
sys.warnoptions: options of the warnings module to build warnings filters: lowest to highest
priority.
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The warnings module adds sys.warnoptions in the reverse order: the last PyConfig.
warnoptions item becomes the first item of warnings. filters which is checked first (highest
priority).

int write_bytecode
If non-zero, write . pyc files.

sys.dont_write_bytecode is initialized to the inverted value of write_ bytecode.

PyWideStringList xoptions
sys._xoptions.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv: see Command Line Arguments.

The xoptions options are parsed to set other options: see —X option.

10.6 Initialization with PyConfig

Function to initialize Python:

PyStatus Py_InitializeFromConfig (const PyConfig *config)
Initialize Python from config configuration.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Exception () and
Py ExitStatusException ().

If PyImport_FrozenModules, PyImport_AppendInittab () or PyImport_ExtendInittab ()
are used, they must be set or called after Python preinitialization and before the Python initialization.

Example setting the program name:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */

status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;

if (PyStatus_Exception(status)) A

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

goto fail;

}
PyConfig_Clear (&configqg);
return;

fail:
PyConfig_Clear (&configqg);
Py_ExitStatusException(status);

More complete example modifying the default configuration, read the configuration, and then override some param-
eters:
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PyStatus init_python (const char *program_name)

{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) A
goto done;

/* Read all configuration at once */

status = PyConfig_Read(&confiqg);

if (PyStatus_Exception(status)) A
goto done;

/* Append our custom search path to sys.path */
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) {
goto done;

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");
if (PyStatus_Exception (status)) {
goto done;

status = Py_InitializeFromConfig(&confiqg);
done:

PyConfig_Clear (&configqg);
return status;

10.7 Isolated Configuration

PyPreConfig InitIsolatedConfig() and PyConfig InitIsolatedConfig () functions create
a configuration to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environments variables, command line arguments
(PyConfig.argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration. Set the Path Configuration ("output fields”) to ignore these
configuration files and avoid the function computing the default path configuration.
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10.8 Python Configuration

PyPreConfig InitPythonConfig () and PyConfig InitPythonConfig () functions create a con-
figuration to build a customized Python which behaves as the regular Python.

Environments variables and command line arguments are used to configure Python, whereas global configuration
variables are ignored.

This function enables C locale coercion (PEP 538) and UTF-8 Mode (PEP 540) depending on the LC_CTYPE
locale, PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

Example of customized Python always running in isolated mode:

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);
config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv(&config, argc, argv);
if (PyStatus_Exception(status)) A

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

goto fail;

}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

fail:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

}

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.9 BEEE

PyConfig contains multiple fields for the path configuration:
 BRACTCERA
— PyConfig.home
— PyConfig.pathconfig_warnings
— PyConfig.program name
— PyConfig.pythonpath_env
— current working directory: to get absolute paths

— PATH environment variable to get the program full path (from PyConfig. program_name)
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— __ PYVENV_LAUNCHER___ environment variable

— (Windows only) Application paths in the registry under "SoftwarePythonPythonCoreX.YPythonPath” of
HKEY_CURRENT_USER and HKEY_LOCAL_MACHINE (where X.Y is the Python version).

* Path configuration output fields:

PyConfig.base_exec_prefix

PyConfig.base_executable

PyConfig.base_prefix

PyConfig.exec_prefix

PyConfig.executable

PyConfig.module_search_paths_set, PyConfig.module_search_paths

PyConfig.prefix

If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search_paths_set is equal to 0, module_ search_paths is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explic-
itly all path configuration output fields listed above. A string is considered as set even if it is non-empty.
module_search_paths is considered as set if module_search_paths_set isset to 1. In this case, path
configuration input fields are ignored as well.

Set pathconfig warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Win-
dows does not log any warning).

If base_prefix or base_exec_prefix fields are not set, they inherit their value from prefix and
exec_prefix respectively.

Py _RunMain () and Py_Main () modify sys.path:

e If run_filename is set and is a directory which contains a __main__.py script, prepend
run_filename to sys.path.

e If isolatedis zero:

— If run_moduleis set, prepend the current directory to sy s . path. Do nothing if the current directory
cannot be read.

— If run_ filename is set, prepend the directory of the filename to sys.path.
— Otherwise, prepend an empty string to sy s .path.

If site_import is non-zero, sys .path can be modified by the site module. If user _site_directory
is non-zero and the user’s site-package directory exists, the site module appends the user’s site-package directory
to sys.path.

The following configuration files are used by the path configuration:
e pyvenv.cfg
* python._pth (¥ Windows)
e pybuilddir.txt ({{ Unix)

The _ PYVENV_LAUNCHER___ environment variable is used to set PyConfig.base_executable
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10.10 Py_RunMain()

int Py_RunMain (void)
Execute the command (PyConfig. run_command), the script (PyConfig.run_filename) or the
module (PyConfig. run_module) specified on the command line or in the configuration.

By default and when if -1 option is used, run the REPL.
Finally, finalizes Python and returns an exit status that can be passed to the exit () function.

See Python Configuration for an example of customized Python always running in isolated mode using
Py _RunMain ().

10.11 Multi-Phase Initialization Private Provisional API

This section is a private provisional API introducing multi-phase initialization, the core feature of the PEP 432:

» ”Core” initialization phase, “bare minimum Python”:

Builtin types;

— Builtin exceptions;

Builtin and frozen modules;
— The sys module is only partially initialized (ex: sys.path doesn’t exist yet).

* ”Main” initialization phase, Python is fully initialized:

Install and configure importlib;

Apply the Path Configuration;

Install signal handlers;

Finish sys module initialization (ex: create sys.stdout and sys.path);

Enable optional features like faulthandler and tracemalloc;

Import the site module;
- 4.
FLA EHS APL:

e PyConfig._init_main:ifsetto0, Py _TnitializeFromConfig () stops atthe “Core” initializa-
tion phase.

PyStatus _Py_InitializeMain (void)
Move to the "Main” initialization phase, finish the Python initialization.

No module is imported during the "Core” phase and the import1ib module is not configured: the Path Configu-
ration is only applied during the "Main” phase. It may allow to customize Python in Python to override or tune the
Path Configuration, maybe install a custom sys .meta_path importer or an import hook, etc.

It may become possible to calculatin the Path Configuration in Python, after the Core phase and before the Main
phase, which is one of the PEP 432 motivation.

The ”Core” phase is not properly defined: what should be and what should not be available at this phase is not specified
yet. The API is marked as private and provisional: the API can be modified or even be removed anytime until a proper
public API is designed.

Example running Python code between "Core” and "Main” initialization phases:
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void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);
if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "
"file=sys.stderr)");
if (res < 0) {

exit (1);
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);
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cHAPTER 11

11.1 #hid

1& Python /1, NTEEFEM K B]— U5 Frf Python S AIEIR S B FL A HE (heap) . X/NALE HERYAE
T RS Python M 5% 32 %% (Python memory manager) {#iE. Python PNTEATHLERA A ] 1 ZH 4 e b 2
AN SAERAEE IR A, b=, L B E AT .

AR, — AR 24 BT 5 BT R E M AT RS T, ST HE o R 23 A b
FA7 53 Python HIZEHOCHE. 7650 NAFAMALARHOSER |, JLAXE S8 1 RS R o st , FEAR
e AR 4 T O SR 0 O A B W . DL, RO SAE N AT B X R ) T . e
AU, RO R o 7 R AL S 2 BB . DAL, Python OSBRSS — B T 4}
RUAA G SRS, (R & A R e T Az T«

Python i 774 I th ARG R ANAT , T PO BB IAL, BI85 S5 A0 i i e PN AL B0
GREE, BT P EE R Python XFGUNIHA AR v DX 14 3k 23 18] 23 B2 i Python PP PRLAR% 7R
LA 51 i) Python/C APT eR BUEAT I -

J T B NAERER BRI G W AZ AR ) C RS Y BR BICR KT Python X 42 HEAT A, ix st
PRELfIFE: malloc (), calloc(), realloc () fil free (). IXFFFE C HiEsAl Python INTEASHLER
ERE, BIEMEGR, XM T eSS T ARG, IERNRRE L. B2, AL
S C A Tic g R Bk i) H A A AR A, R BT R -

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
...Do some I/O operation involving buf...
res = PyBytes_FromString(buf);
free(buf); /* malloc'ed */
return res;

XA, VO Gp K NAFTT K2l C RIS AL PR . Python WAFE B S R 215 T /M FCAE A 45
HIR PR G

SR, AERZHNGOLY, HHE TN Python e ML NAT, PIoA A4 i Python A7 BG4I . Ik,
LR R T C HRHN RIS, UK. (1] Python ek 55 — AN e 7 B2 * Gl *
Python P78 BiLas ¢ T EATHL A AFaR Ko BIEEE I KA A7 U0 T i . m BER s 1 H Y
FEFTA I INAFE K A2 45 Python NAFAS BRR RELEARE GG L AT o5 ) B A DA S HE A 1) T f . NI,
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TEHCLENEULT , Python NAFAEBR AR W] RE M A SO A 1 M i 48, AsraR i, A7 Hs i sl LA 15y
PR, TR, S RG] T PR C M TCAR . 8 VO Geih KAL) AT 58 45 Python
NS HA

S U
A5 AF B PYTHONMALLOC W] 4% FH SR Hic # Python 8 ] A8 INAF 43 EiL 2

457 7 PYTHONMALLOCSTATS ] A HI SKAEAE UK A A 5 FAIHN 1) pymalloc % 5 KIS AT Bl pymalloc 7
Ao HBEE.

11.2 RIgAEED

PAF BREUERNSE T RS iles . XERBUR AR LN, AEERFAGIL,
default raw memory allocator i FlIX25pR%L: malloc (). calloc (). realloc () fil free(); HHEZRF
WA malloc (1) °° (8 " “calloc(l, 1))

3.4 BRI

void* PyMem_RawMalloc (size_t n)

SMHC n AT R N R ECR N AR voidx RS, ARER AR E] NULL,

Tk A T REIR W — R NULL #5457, B2V T “PyMem_RawMalloc(1)* —&E. {H2 P
TR 2 MEAT I XA e

void* PyMem_RawCalloc (size_t nelem, size_t elsize)
SYBE nelem DI0%, FATCEIIKING elsize 747, FRFIFR A ECH NAFERT void> RKABFRE, W
WK R [B] NULL. AR B0 ia ik 2 .

TERE A REIR o] — MR AR NULL 55, sURIE T “PyMem_RawCalloc(1, 1) —F.
3.5 B fE.

void* PyMem_RawRealloc (void *p, size_t n)

B p A5 TH NAFBINRFEE n 735 DURTIHINAFBR N R i/ IMECRTE , R AR FFAAE

s *p* & “NULL®, WY T H PyMem_RawMalloc (n) ; W n &0, WNFEHA /NS
WE, HASHREL, &IEHE NULL $54t

MdE p & NULL , FN'E M2 2 al# HpyMem_RawMalloc () . PyMem_RawRealloc ()
B{PyMem RawCalloc () iR

WK KM, PyMem_RawRealloc () iR[E| NULL , p {/58R2F8 A1 JE i A7 XIS A 2064l -

void PyMem_RawFree (void *p)
W p 45 1 B9 WA B, BR AR p g2 NULL , 5 W& A2 2 1 ]l PyMem_RawMalloc ()
. PyMem_RawRealloc () B PyMem RawCalloc () Fr & [ B +8 4. F W, = 1F
PyMem_RawFree (p) ZHICA&WHAMIEILT, KEXWITHSKE.

W p & NULL, IR A A B E AN &0

11.3 JEED

PAF BRI, D7 ANSIC AnifE, JR48E THPRFFIIAYAT N, "HT A Python 7 BLAIREL N AF -
BRINN G5B s il T pymalloc W 5 5B .

B R EO, WA 2 B A S 40 (GIL)

T 3.6 i BAERRIAR 7L i pymalloc i JE R L malloc () .
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void* PyMem_Malloc (size_t n)

SrBC n AT R N R BN voidr RARE, ARIER AR [E] NULL,

TR AT BBAR [ — N dE NULL 845, SURUEH T “PyMem_Malloc(1)“ —#¢. {Hi2& A
2 DMEA T X ia ik

void* PyMem_Calloc (size_t nelem, size_t elsize)
SYHE nelem DICE, B NICRIKNA elsize 77, IR MG 3 FLH AR void* RAUFRER, W
WK MR [B] NULL, AR BE0I a2 .

TR E A REIR ] — R A NULL 55, s T “PyMem_Calloc(1, 1)* —Ff.
3.5 B .

void* PyMem_Realloc (void *p, size_t n)

B p A7 E NAFHRINFEEA n 735 DURTIHAAFER N R i/ IMECR TE, o A RFFANAE

A #p* 2 “NULLS, WIAHYSTFIHH PyMem_Malloc (n) ; W n %F 0, WNAFHI NI,
ERS9REL, R IEIHE NULL 5%t

% p R NULL | W B @6 AR 2 I Mpyiem Malloc() . PyMem Realloc ()
B PyMem_Calloc () BTik[EIH).

W R KW, PyMem Realloc () JR[H] NULL , p /58RI +8 ) SCHil AT IRV A 506 5] «

void PyMem_Free (void *p)
RETL p $5 100 B9 A A7 B BRAE p 2 NULL 5 WE 6 20 & Z AR i PyMem _Malloc () .
PyMem_Realloc () BiPyMem_Calloc () Frikm 384 . &N, si7F PyMem_Free (p) ZHIELA
TR, RE AT & kA .
Wk p & NULL, IRatt A B E A 2 AT .

PAF a1 2E B 2ok RSt . YR TYPE W] DAFRAEAT C 2651,

TYPE* PyMem_New (TYPE, size_t n)

EpyMem Malloc () #H[, AL4rHL (n * sizeof (TYPE)) FATWWNAF. R[] — kN
TYPE* (4545t WARRIAS 2 DMEMT T X ih 1t .

TYPE* PyMem_Resize (void *p, TYPE, size_t n)
SpyMem Realloc () FE, BNESPI/NEEEN (n * sizeof (TYPE)) Fi. R[E—4
il TYPE* KAUMIHRES . IRWIET, p R A48 muH AR R84, AR G 0)5% Ml NULL .

g4 C A, p MR BRI H0RAT p BRIA(E, PABEGRAE AR RN R NAT.

void PyMem_Del (void *p)
YpyMem_Free () ]

BEAh, FAATAARME T LA 25 M T E R Python WAF A lideds, miA & LIS C APT s%l. H2
R, eI ARELRILE Python A —dEflAeA e, THILAEY FBLH T«

¢ PyMem MALLOC (size)

e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

* PyMem_DEL (ptr)
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1.4 HRIECE

PATeREREE, 78 ANSIC ARifE, FH48E T RZBFIAAT R, 7R T M Python 34 FL ARSI M 77«
RN ZoBe 2% i pymalloc N 55 25

Bl TEREX R BNy, AAURAT 2 5 e 25 4 (GIL)

void* PyObject_Malloc (size_tn)
AL n AR Bl AN FE 1R BL I A void> ZEBIFRER, WA R NR [F] NULL.,

TR F T AT Bk [0l — PR A NULL 385, @R T “PyObject_Malloc(1)* —#f. {H/Z& N1
AN DMEAT 7 X 1R ik
void* PyObject_Calloc (size_t nelem, size_t elsize)

JHBC nelem ~ICE , FEATCRAYKIINN elsize 47, FIR GRS ECIKI AT void* EBFRE, I
BRI ] NULL. WIEL BRI E .

ik B4 AT A L — AR RO NULL 4861, 9@ VR T “PyObject_Calloe(1, 1) —Ff.
3.5 4RI E.

void* PyObject_Realloc (void *p, size_t n)

B p A7 WE NAFBRANFEE n 735 DURTIH AR N R i/ IMECR T, o AR FFANAE

IR *p* 2 “NULL“, NIFH24FJHH PyObject_Malloc (n) ; WHR n ST 0, MPNFHI/ NS
AR, (HANSBOREN, AR [FI9E NULL $54

MedE p & NULL , FNBELNEZ Al HPyobject_Malloc() . PyObject_Realloc ()
B{PyObject_Calloc () AR

WRIER KW, PyObject_Realloc () iR NULL , p {3%K 248 ] e ml WA I A0 A R 1.

void PyObject_Free (void *p)
B p $6 1 BN AE B, B AR p 2 NULL 5B e e 2 HI M PyObject_Malloc ()
. PyObject_Realloc() BiPyObject_cCalloc() Jr & [ B 8 4. & W, =% £
PyObject_Free (p) ZHICETMEHIRER T, REXWITHSKE.

W p J& NULL, IR A A E A 28T .

11.5 BN FESBEC2E

NNA e

& 2R PyMem_RawMallocPyMem_Malloc | PyOb-
ject_Malloc

KA A "pymalloc" malloc pymalloc pymalloc

e "pymalloc_debug"malloc +debug | pymalloc+de- | pymalloc +de-

bug bug

%A pymalloc ) %7 | "malloc" malloc malloc malloc

Ji A

%A pymalloc FJJHiX | "malloc_debug" | malloc +debug | malloc +debug | malloc + debug

i

A -
o SR MIEAr B PYTHONMALLOC FAH.

e malloc: ¥ H CFEER RS /AL, C BKEimalloc (), calloc (), realloc () and free ()
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» pymalloc: pymalloc N 7% e %%
e "+ debug”: FH PyMem SetupDebugHooks () 3R T

11.6 BHEMNESBECES

3.4 B fE.

PyMemAllocatorEx
TR AR BLAS S . BEEATE:

i3 aX

void *ctx YENE NS AP L
T

void* malloc (void *ctx, size_t size) rEi— AN A

void* calloc(void *ctx, size_t nelem, size_t SEE— A TEEA R O B AR

elsize)

void* realloc(void *ctx, void *ptr, size_t A EE— S AR BR Bl R R RN

new_size)

void free(void *ctx, void *ptr) R N A7

£ 3.5 fR B 2: The PyMemAllocator structure was renamed to PyMemAllocatorEx and a new
calloc field was added.

PyMemAllocatorDomain
FAR S BEa A A28 2 . A
PYMEM_DOMAIN_RAW
PRAL
* PyMem RawMalloc ()
* PyMem RawRealloc ()
* PyMem RawCalloc ()
* PyMem RawFree ()

PYMEM_DOMAIN_MEM
PRAL
* PyMem Malloc(),
* PyMem Realloc()
* PyMem_Calloc ()
* PyMem Free()
PYMEM_DOMAIN_OBJ
PREL
e PyObject_Malloc ()
* PyObject_Realloc ()
* PyObject_Calloc()
e PyObject_Free ()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

ARIBURS AE 1 A7 B 2 LA o
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void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BEE TS E I NAFH LA -
MR EBFATHE, HR e gs R Bl — ANl 9E NULL $8 4t

XFPYMEM DOMATN RAW I, Z3Fles bW e AR 24 YO BCaSiR R, ANE 45 i %
4 o

WA LA A2 T ORI Z W iids ) . ARl PyMem_SetupDebugHooks () PR
AEHT 7 e e b R 2 I 1

void PyMem_SetupDebugHooks (void)

BCE AN Python A7) B bR P AR BRI 441

By BCRY NAFE R E7 0xCD (CLEANBYTE ) HFE, BE Ay 0xDD ( DEADBYTE ) JHFT. W
FEHup 2 115245 40 (FORBIDDENBYTE : 277 OxED ).

BT A -
o Kt APT Ryt Sz, Bltn: X PyMem Malloc () ARG IXIHH PyOobject_Free() o
o R G KRB ACERINE A (G X T i) .
o BMZrp XL LN EEHEA (i) .

o K 2498 i PYMEM_DOMAIN_OBJ (Ull: PyObject_Malloc ()) MPYMEM_DOMATIN_MEM ({I:
PyMem_Malloc ()) 5 FLas R A GIL AR ET .

TEHEE, I tracemalloc FRHOE I A AFHB A ECAHI (I E . HA 24 tracemalloc
IEAE B S Python WFA AL, I HNAFHRBHBERS, A& B EH,

3R Python EXERARE N IMIFERY, X4y T Zinstalled by default . 54T H PYTHONMALLOC A
PAHIRAE AT 4131 Python b 228618044 7~

TE 3.6 JRHE M 33X A bR RO AE 38 T AR AR S 4 15 19 Python,  7E W &5 I, R E) + PRAE (i
i tracemalloc & [u] ] Y 77 B4l 20 B i 0 B PR B F IUFE G & 24 PYMEM _DOMATN_OBJ
M PYMEM _DOMAIN_MEM 3 REC R B, 2R REeR B S0 A -

JE 3.8 MU M F47 A%z 0xCB (CLEANBYTE), 0xDB (DEADBYTE) fil 0xFB (FORBIDDENBYTE) B
¥ 0xCD . 0xDD F1 0xFD X LA# ] 5 Windows CRT i malloc () fl free () FAFEMME.

11.7 pymalloc 3o 2§

Python A N B A% A BRI/ S UNTEEET 512 F37) 4kl pymalloc 4y Fids . &8 B g KD
A 256 KiB [ FR A "arenas” (Y INFABLT . X RT S12 FATHY AL, BRI PyMem _RawMalloc ()
M PyMem RawRealloc () .

pymalloc J&PYMEM _DOMAIN_MEM (ff] 4:  PyMem Malloc()) APYMEM _DOMAIN_OBJ (il Un:
PyObject_Malloc ()) I ZKIASEZE .

arena ) liC Al F DA %K

e Windows F[fJ VirtualAlloc () and VirtualFree () ,

* mmap () Fl munmap () , GERAH,
o BN, malloc () l free() .
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11.7.1 BE X pymalloc Arena 4B 2§

3.4 FIEE.
PyObjectArenaAllocator

JAt R —~ arena S BCAS I HI IR . IXANEEIRAE = AP B

1 aX

void *ctx ERE—TSEEAH P LT
p'e

void* alloc (void *ctx, size_t size) AEe—H size FT Y DX I

void free(void *ctx, void *ptr, size_t RER— B Xk

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
AR arena 7} fiLds

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
% B arena ) fii s

11.8 tracemalloc C API

3.7 B fE.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

1£ tracemalloc fE P IR EE— AT A BCH NS
BRI 0, HASEHR ] -1 ok B AR AR BRE B . WI2RZEEH T tracemalloc 3R 1] -2,
RN R B, W A PR S

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

1E tracemalloc BIHHHUHRER— N BCH NS . Q1R AESRBR R WA PA T A AT 454
AR tracemalloc g AR F LR ] -2, FIUER[E 0.

11.9 il

PATR IR H L NI R G, 2 B PAGE VO G X2 ad il 55— e AR M Python e rp 7L fiy:

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

5 P T ) SRS 28 o R 4 A 7] AR

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

Q3
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(£ L£50)

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

TEEEAEA BRI BI, Gop KBSl 8 T RIS s BOR B . FL b, W TN RENN
PP AR R A APL I, DAGE AR &5 A ) 20 TE g 14 AR Dol A5 ek AT AR P 2 4 25 I AL
B, H— AR fatal RN EIRE T IFFEA FIHE LBV AN R 2 Bods -

char *bufl = PyMem_New (char, BUFSIZ);

char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem_Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —— should be PyMem_Free() */
free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal —-- should be PyMem_Del () */

BT B AEAL IR H Python i) J5 4 N A7 B (1) iR E 2 Ab, Python H X G 2 il ik PyObject New (),
PyObject_NewVar () flPyObject_Del () 4B MRS -

X BERFEAT KANTLE C 7 S BUR X R AR T — = P JHi .
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RIS HF

AFAIR TR SPGB i i i . BRI

121 7 F B EEMR

PyObject* _PyObject_New (PyTypeObject *type)
Return value: New reference.

PyVarObject* _PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.

PyObject* PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. 1B IZRBLAIRIIRE | WAL BT 0 BEXT 52 op. R 1B AT IR XT
Fo QAR type TIZXT RS SIGFABIRAG NG, DRGSR I 25 SO G v R oA

FBAZE .

PyVarObject* PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. 'R REM PyObject_Init () —F, FHHESWIGAS B R/ PNASR
MR ERER .

TYPE* PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. ffi ] C 254255 TYPE F1 Python 2RI 4 type 43 i —~ #7119 Python X}
%o ARTEZ Python X 53k i X F BN 2BRI I PRG-I —. WA BL R/
i type Sf 4 tp_basicsize FEHRMIE o

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. i JT] C MR 4544255 TYPE F1 Python [ ZREINT A type 23 Be—4~ 8119
Python Xf 4. Python Xf 5k U A & L) FBOR SR IR L. W BCHY NAF 2SRl T | TYPE
LERNN type MR tp_itemsize TFEARMEN size FEAYE . O T SEAUTCAIX FHREBTEAY 1
WPeE B ORISR RS o R B B AL i A B R 3 A7 23 BC v Rl A2 N A7 43 B 1Y
UB, X T WA BCIIRCE .

void PyObject_Del (void *op)
Rt Pyobject_New () 8{(# PyObject _NewVar () PHCNFFRIXTR . Xl H XA type 7
BOE X tp_dealloc ABReREORIAM - P8 IEXABEEAJG op X5 iy 7 BOAR AN o] AR 517
MR LR N AF 25 [H] E R R — AN 2401 Python X4 .
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PyObject _Py_NoneStruct
XA G2 None —HEY Python X4, BRI LA Py_None 5], AR EEE MR
a5t

S U
PyModule_Create () 4yfL NAFAIBIEY AR

122 ARMRER

K E L5 H A F T3 S Python [FXT R . 3xX— 5k 13X S 45 AR B AT T 08 1 s

Ji 4 1) Python X G2 ¥R A Xt R A N 77 78 B IF 46 78 2 b /b i i 7 B X BT Bl pyobject
W PyVarobject FARFIR, XA h—LL00E 3, X 2750 B ul A et ] T By HoAth Python
X E S

PyObject
All object types are extensions of this type. This is a type which contains the information Python needs to treat
a pointer to an object as an object. In a normal “release” build, it contains only the object’s reference count and
a pointer to the corresponding type object. Nothing is actually declared to be a PyOb ject, but every pointer
to a Python object can be cast to a PyOb ject *. Access to the members must be done by using the macros
Py _REFCNT and Py_ TYPE.

PyVarObject
This is an extension of PyOb ject that adds the ob_s1ize field. This is only used for objects that have some
notion of length. This type does not often appear in the Python/C API. Access to the members must be done
by using the macros Py REFCNT, Py_TYPE, and Py_SIZE.

PyObject_HEAD
This is a macro used when declaring new types which represent objects without a varying length. The PyOb-
ject_HEAD macro expands to:

PyObject ob_base;

See documentation of PyOb ject above.

PyObject_VAR_HEAD
This is a macro used when declaring new types which represent objects with a length that varies from instance
to instance. The PyObject_ VAR_HEAD macro expands to:

PyVarObject ob_base;

See documentation of PyVaroOb ject above.

Py_TYPE (0)
This macro is used to access the ob_t ype member of a Python object. It expands to:

’(((PyObject*)(o))7>ob_type)

Py_REFCNT (0)
This macro is used to access the ob_refcnt member of a Python object. It expands to:

’(((PyObject*)(o))—>ob_refcnt)

Py_SIZE (0)
This macro is used to access the ob_size member of a Python object. It expands to:

’(((PyVarObject*)(o))7>ob_size)

PyObject_HEAD_INIT (type)
This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:

174 Chapter 12. &t



The Python/C API, % 3.8.13

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)
This is a macro which expands to initialization values for anew PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

PyCFunction
Type of the functions used to implement most Python callables in C. Functions of this type take two
PyObject * parameters and return one such value. If the return value is NULL, an exception shall have
been set. If not NULL, the return value is interpreted as the return value of the function as exposed in Python.
The function must return a new reference.

PyCFunctionWithKeywords
Type of the functions used to implement Python callables in C with signature METH_VARARGS |
METH_KEYWORDS.

_PyCFunctionFast
Type of the functions used to implement Python callables in C with signature METH FASTCALL.

_PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS.

PyMethodDef
Structure used to describe a method of an extension type. This structure has four fields:

] oF 3.1 ax

ml_name const char * | name of the method

ml_meth PyCFunction | pointer to the C implementation

ml_flags | int flag bits indicating how the call should be constructed
ml_doc const char * | points to the contents of the docstring

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyObject *.
If the function is not of the PyCFunction, the compiler will require a cast in the method table. Even though
PyCFunction defines the first parameter as PyOb ject *, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

There are four basic calling conventions for positional arguments and two of them can be combined with
METH_KEYWORDS to support also keyword arguments. So there are a total of 6 calling conventions:

METH_VARARGS
This is the typical calling convention, where the methods have the type PyCFunct ion. The function expects
two PyObject * values. The first one is the self object for methods; for module functions, it is the module
object. The second parameter (often called args) is a tuple object representing all arguments. This parameter
is typically processed using PyArg_ParseTuple () or PyArg _UnpackTuple ().

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using
PyArg_ParseTupleAndKeywords ().

METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type
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_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject *
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

This is not part of the limited API.
3.7 B fE.

METH_FASTCALL | METH_KEYWORDS
Extension of METH _FASTCALIL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the
vectorcall protocol: there is an additional fourth PyOb ject * parameter which is a tuple representing the
names of the keyword arguments or possibly NULL if there are no keywords. The values of the keyword
arguments are stored in the args array, after the positional arguments.

This is not part of the limited API.
3.7 Hi e

METH_NOARGS
Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg ParseTuple () with a "O" argument. They have the type PyCFunct ion, with the self pa-
rameter, and a PyOb ject * parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is
used to create class methods, similar to what is created when using the classmethod () built-in function.

METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to
create static methods, similar to what is created when using the stat icmethod () built-in function.

One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip
repeated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains
slot, for example, would generate a wrapped method named __contains__ () and preclude the loading of
a corresponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in
place of the wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are
optimized more than wrapper object calls.

PyMemberDef
Structure which describes an attribute of a type which corresponds to a C struct member. Its fields are:

] oF3:1] aX

name const char * | name of the member

type int the type of the member in the C struct

offset | Py_ssize_t the offset in bytes that the member is located on the type’s object struct
flags int flag bits indicating if the field should be read-only or writable

doc const char * | points to the contents of the docstring

type can be one of many T_ macros corresponding to various C types. When the member is accessed in
Python, it will be converted to the equivalent Python type.
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Macro name C Rl

T _SHORT short

T_INT int

T_LONG KR
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBIJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR =

T _BYTE Sy
T_UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T_BOOL Sy
T_LONGLONG long long
T_ULONGLONG | unsigned long long
T_PYSSIZET Py_ssize_t

T_OBJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and
T_OBJECT_EX raises an AttributeError. Try to use T_OBJECT_EX over T_OBJECT because
T_OBJECT_EX handles use of the del statement on that attribute more correctly than T_OBJECT.

flags can be 0 for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T__STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX mem-
bers can be deleted. (They are set to NULL).

PyGetSetDef
Structure to define property-like access for a type. See also description of the Py TypeObject.tp_getset
slot.
L2 C & ax
24 const char * | attribute name
get getter C Function to get the attribute
set setter optional C function to set or delete the attribute, if omitted the attribute is readonly
doc const char * | optional docstring
clo- void * optional function pointer, providing additional data for getter and setter
sure

The get function takes one PyOb ject * parameter (the instance) and a function pointer (the associated
closure):

typedef PyObject * (*getter) (PyObject *, woid *);

It should return a new reference on success or NULL with a set exception on failure.

set functions take two PyOb ject * parameters (the instance and the value to be set) and a function pointer
(the associated closure):

typedef int (*setter) (PyObject *, PyObject *, wvoid *);

In case the attribute should be deleted the second parameter is NULL. Should return 0 on success or —1 with
a set exception on failure.
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12.3 HBIHR

Hi/F Python Xf 52 R 40 P i BB 45 2 — il 2 E TR 4EHA: Py TypeObject 45, ZRAIXG T DA
i FAT{7 PyObject_* () o PyType_* () BRECRALHEL, (FARGESRAL K ZH( Python [ HIFE 7 T R4 BRIV
WA o XL G R RAT AR, FrPAEA I AERESR AN B s AT SE B R 2R B A B SR b o EE 2

GRZHARFERTAME, KR RAY K X ARB PR A RE QA T RRAE, K2 C
PRECRSE, BRI TRBIRER —/ NI . AT IA AN R T B X U IR E

AR BRI BEA T i

BTN HRES R BT NIRRT Py Typeobiect M SCRIURARIHI T

12.3.1 BRESE

”tp E”

PyTypeObject #&' Type HR T A B =

82

QT DI
<R> tp_name const char * __name__ X X
tp_basicsize Py_ssize_t X X X
tp_itemsize Py_ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py_ssize_t ?
(tp_getattr) getattrfunc __getattribute__, __getattr__ G
(tp_setattr) setattrfunc __setattr__, __ delattr___ G
tp_as_async PyAsyncMethods * FHiEE (FiERR) %
tp_repr reprfunc __repr__ X X X
tp_as_number PyNumberMethods * FHiEE (FiERR) %
tp_as_sequence PySequenceMethods * T ikt (FikR) %
tp_as_mapping PyMappingMethods * Tt (FikR) %
tp_hash hashfunc _ _hash__ X €
tp_call ternaryfunc _call__ X X
tp_str reprfunc __str__ X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __setattr__, _ delattr___ X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * __doc X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc _It ,_le ,_eq_,_ne_,|X G
_gt_,_ge
tp_weaklistoffset Py_ssize_t X ?
tp_iter getiterfunc iter, X
tp_iternext iternextfunc next X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * __base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrget func _get X
tp_descr_set descrsetfunc _set_, delete__ X
tp_dictoffset Py_ssize_t X ?
TTI4rEL
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R1-tm
PyTypeObject &' Type ik A B
l%\
QT |
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc _ _new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases___
<tp_mro> PyObject * __mro__
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _ del__ \ X
W E LT COUNT_ALLOCS , WIRFEZELATT (IUNFS) FBt:
* tp_allocs
* tp frees
* tp_maxalloc
* tp_prev
* tp_next
FHiEE (HiEsE)
i} Type FER T
am_await unaryfunc __await__
am_aiter unaryfunc __ aiter__
am_anext unaryfunc __anext__
nb_add binaryfunc _add__ _ radd__
nb_inplace_add binaryfunc _dadd__
nb_subtract binaryfunc _sub___ rsub__
Th4rss

VMES I A R (KB L) B S-S A PR R S . O S i A RR O IR . <R T
) FRiZF Boe b (AR null).
25
”(Q”: PyBaseObject_Type WM &
PT7: PyType_Type hHCE.
D7 BRIABCE. (W T AR E NULL)
X - PyType_Ready sets this value if it is NULL
~ — PyType_Ready always sets this value (it should be NULL)
? — PyType_Ready may set this value depending on other slots

Also see the inheritance column ("I").

i il %E‘(

X - type slot is inherited via PyType_Ready if defined with a NULL value

% — the slots of the sub-struct are inherited individually

G - inherited, but only in combination with other slots; see the slot's description
? — it's complicated; see the slot's description

R, A A R R A R A AR -
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xR2-4tm
] Type YR A
nb_inplace_subtract binaryfunc __sub__
nb_multiply binaryfunc _mul__ _ rmul__
nb_inplace_multiply binaryfunc _ mul__
nb_remainder binaryfunc _mod__ _ rmod__
nb_inplace_remainder binaryfunc __mod__
nb_divmod binaryfunc __divmod__

_ rdivmod___
nb_power ternaryfunc __poOwW__ __ rpow__
nb_inplace_ power ternaryfunc __pow__
nb_negative unaryfunc _neg__
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool
nb_invert unaryfunc __invert__
nb_lshift binaryfunc __Ishift__ rlshift
nb_inplace_1lshift binaryfunc _Ishift_
nb_rshift binaryfunc __rshift_

__rrshift__
nb_inplace_rshift binaryfunc __rshift__
nb_and binaryfunc _and____rand__
nb_inplace_and binaryfunc _and__
nb_xor binaryfunc __XOr__ __ TIXOr__
nb_inplace_xor binaryfunc _ XOor__
nb_or binaryfunc __Oor__ __ror__
nb_inplace_or binaryfunc __or__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float___
nb_floor divide binaryfunc __floordiv__
nb_inplace_floor_divide binaryfunc _ floordiv__
nb_true _divide binaryfunc __truediv__
nb_inplace_true_divide binaryfunc _truediv__
nb_index unaryfunc __index__
nb_matrix_multiply binaryfunc __matmul__

_ rmatmul___
nb_inplace _matrix_multiply binaryfunc __matmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc _ setitem__,

_ delitem___
sq_length lenfunc _len__
sq_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sq_item ssizeargfunc __getitem___
sq_ass_item ssizeobjargproc __setitem__

__delitem__
sqg_contains objobjproc __contains__
sq_inplace_concat binaryfunc __jadd__
sq_inplace_repeat ssizeargfunc __imul__
bf_getbuffer getbufferproc () \

TG
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R2-ZIW
] Type R A &

bf releasebuffer releasebufferproc()
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slot typedefs
typedef SH%R EEES]
allocfunc PyObject *
PyTypeObject *
Py_ssize_t
destructor void * void
freefunc void * void
traverseproc int
void *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
descrsetfunc int
PyObject *
PyObseat
182 Pyobject * Chapter 12. &
hashfunc PyObject * Py_hash_t
richcmpfunc PyObiect *




The Python/C API, %% 3.8.13

2 [iSlot Type typedefs HATHZ HEANE .-

12.3.2 PyTypeObject 5 X

PyTypeObject MZEHIE X ATPATE Include/object .h HEk |, N T HES%E, WEERTHPME
e

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */

(FOAkRED)
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struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;

} PyTypeObiject;

12.3.3 PyObiject Slots

type X REEMY SR T Pyvarobject 45k, ob_size FEH T8GR A (H type new () 7, MEHE
1 class iR R . R Py Type Type LKA SWlGfbtp _itemsize, XEWKRET EI’J;H?J (R type
X)L B ob_size FE.

PyObject* PyObject ._ob_next
PyObject* PyObject . _ob_prev

These fields are only present when the macro Py_TRACE_REFS is defined. Their initialization to NULL
is taken care of by the PyObject_HEAD_INIT macro. For statically allocated objects, these fields always
remain NULL. For dynamically allocated objects, these two fields are used to link the object into a doubly-linked
list of all live objects on the heap. This could be used for various debugging purposes; currently the only use is
to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF' S
is set.

Aok :

These fields are not inherited by subtypes.

Py_ssize_t PyObject .ob_refcnt

ARBTG5 T4, i PyObject _HEAD_INIT ZHJUGRMR 1. iHEEX THS B
ﬁgm‘%(ﬁ%m ob_type FEHHZIEAY) RABIMAGI T (XTSRRI 5, SEf) #
FEWEAES I H .

MoK -
TRBURIIR I T B

PyTypeObject* PyObject . ob_type

This is the type’s type, in other words its metatype. It is initialized by the argument to the
PyObject_HEAD_INIT macro, and its value should normally be §PyType_Type. However, for dynam-
ically loadable extension modules that must be usable on Windows (at least), the compiler complains that this
is not a valid initializer. Therefore, the convention is to pass NULL to the PyObject_HEAD_INIT macro

184

Chapter 12. &M ziF




The Python/C API, % 3.8.13

and to initialize this field explicitly at the start of the module’s initialization function, before doing anything
else. This is typically done like this:

Foo_Type.ob_type = &PyType_Type;

This should be done before any instances of the type are created. PyType_Ready () checks if ob_type
is NULL, and if so, initializes it to the ob_t ype field of the base class. Py Type_ Ready () will not change
this field if it is non-zero.

Aok :
This field is inherited by subtypes.

12.3.4 PyVarObject Slots

Py_ssize_t PyVarObject .ob_size
For statically allocated type objects, this should be initialized to zero. For dynamically allocated type objects,
this field has a special internal meaning.

Aok :
TREAGIR I T B

12.3.5 PyTypeObject #&

Each slot has a section describing inheritance. If PyType_ Ready () may set a value when the field is set to
NULL then there will also be a “Default” section. (Note that many fields set on PyBaseObject_Type and
PyType_ Type effectively act as defaults.)

const char* PyTypeObject .tp_name
Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module
globals, the string should be the full module name, followed by a dot, followed by the type name; for built-in
types, it should be just the type name. If the module is a submodule of a package, the full package name is
part of the full module name. For example, a type named T defined in module M in subpackage Q in package
P should have the tp_name initializer "P.Q .M. T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly
stored in the type dict as the value for key ' __module__'.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot
is made accessible as the __module___ attribute, and everything after the last dot is made accessible as the
___name___ attribute.

If no dot is present, the entire tp_name field is made accessible as the __name___ attribute, and the
__module___ attribute is undefined (unless explicitly set in the dictionary, as explained above). This means
your type will be impossible to pickle. Additionally, it will not be listed in module documentations created
with pydoc.

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially
tp_itemsize).

MoK :
TREAGIR I T B
Py_ssize_t PyTypeObject.tp_basicsize

Py_ssize_t PyTypeObject.tp_itemsize
These fields allow calculating the size in bytes of instances of the type.

There are two kinds of types: types with fixed-length instances have a zero tp_itemsi ze field, types with
variable-length instances have a non-zero tp_itemsize field. For a type with fixed-length instances, all
instances have the same size, given in tp_basicsize.
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For a type with variable-length instances, the instances must have an ob_s1ize field, and the instance size
is tp_basicsize plus N times tp_itemsize, where N is the "length” of the object. The value of
N is typically stored in the instance’s ob_s1ize field. There are exceptions: for example, ints use a negative
ob_size toindicate a negative number, and Nis abs (ob_size) there. Also, the presence of anob_size
field in the instance layout doesn’t mean that the instance structure is variable-length (for example, the structure
for the list type has fixed-length instances, yet those instances have a meaningful ob_s1i ze field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an ini-
tializer for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance
layout. The basic size does not include the GC header size.

A note about alignment: if the variable items require a particular alignment, this should be taken care of by the
value of tp_hbasicsize. Example: suppose a type implements an array of double. tp_itemsize
is sizeof (double). It is the programmer’s responsibility that tp basicsize is a multiple of
sizeof (double) (assuming this is the alignment requirement for double).

For any type with variable-length instances, this field must not be NULL.
Aok :

These fields are inherited separately by subtypes. If the base type has a non-zero tp_itemsize, it is gen-
erally not safe to set tp_itemsize to a different non-zero value in a subtype (though this depends on the
implementation of the base type).

destructor PyTypeObject . tp_dealloc
A pointer to the instance destructor function. This function must be defined unless the type guarantees that
its instances will never be deallocated (as is the case for the singletons None and E11ipsis). The function
signature is:

void tp_dealloc (PyObject *self);

The destructor function is called by the Py DECREF () and Py_XDECREF () macros when the new ref-
erence count is zero. At this point, the instance is still in existence, but there are no references to it. The
destructor function should free all references which the instance owns, free all memory buffers owned by the
instance (using the freeing function corresponding to the allocation function used to allocate the buffer), and
call the type’s t p_ f ree function. If the type is not subtypable (doesn’t have the Py TPFLAGS_BASETYPE
flag bit set), it is permissible to call the object deallocator directly instead of via t p_ free. The object deal-
locator should be the one used to allocate the instance; this is normally PyObject_Del () if the instance
was allocated using PyObject_New () or PyObject_VarNew (), or PyObject_GC_Del () if the
instance was allocated using PyObject_GC_New () or PyObject_GC_NewVar ().

Finally, if the type is heap allocated (Py_ TPFLAGS_HEAPTYPE), the deallocator should decrement the ref-
erence count for its type object after calling the type deallocator. In order to avoid dangling pointers, the
recommended way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free(self);
Py_DECREF (tp) ;

MoK :
This field is inherited by subtypes.

Py_ssize_t PyTypeObject.tp_vectorcall_offset
An optional offset to a per-instance function that implements calling the object using the vectorcall protocol, a
more efficient alternative of the simpler tp_call.

This field is only used if the flag _ Py TPFLAGS HAVE_VECTORCALL is set. If so, this must be a positive
integer containing the offset in the instance of a vectorcall func pointer. The signature is the same as for
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_PyObject_Vectorcall ():

PyObject *vectorcallfunc(PyObject *callable, PyObject *const *args, size_t._
—nargsf, PyObject *kwnames)

The vectorcallfunc pointer may be zero, in which case the instance behaves as if
_Py TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets _Py_TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure
its behaviour is consistent with the vectorcallfunc function. This can be done by setting p_call to
PyVectorcall_Call:

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
Call callable’s vectorcallfunc with positional and keyword arguments given in a tuple and dict, respectively.

This function is intended to be used in the tp_call slot. It does not fall back to tp_call and it
currently does not check the _Py_TPFLAGS_HAVE_VECTORCALL flag. To call an object, use one of
the PyObject_Call functions instead.

{Efi#: It is not recommended for heap types to implement the vectorcall protocol. When a user sets
__call__ in Python code, only tp_call is updated, possibly making it inconsistent with the vectorcall
function.

{Efit:  The semantics of the tp_vectorcall_offset slot are provisional and expected to be finalized
in Python 3.9. If you use vectorcall, plan for updating your code for Python 3.9.

TE 3.8 Jiu B E: This slot was used for print formatting in Python 2.x. In Python 3.0 to 3.7, it was reserved and
named tp_print.

Bk :

This field is inherited by subtypes together with tp_cal1: a subtype inherits tp_vectorcall_offset
from its base type when the subtype’ s tp_callis NULL.

Note that /heap types (including subclasses defined in Python) do not inherit the
_Py TPFLAGS_HAVE_VECTORCALL ﬂag.

getattrfunc PyTypeObject . tp_getattr
An optional pointer to the get-attribute-string function.

This field is deprecated. When it is defined, it should point to a function that acts the same as the
tp_getattro function, but taking a C string instead of a Python string object to give the attribute name.

Yok :
Group: tp_getattr, tp_getattro

This field is inherited by subtypes together with t p_getattro: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

setattrfunc PyTypeObject .tp_setattr
An optional pointer to the function for setting and deleting attributes.

This field is deprecated. When it is defined, it should point to a function that acts the same as the
tp_setattro function, but taking a C string instead of a Python string object to give the attribute name.

Mok :
Group: tp_setattr, tp_setattro

This field is inherited by subtypes together with t p_setattro: a subtype inherits both tp_setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.
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PyAsyncMethods* PyTypeObject .tp_as_async

Pointer to an additional structure that contains fields relevant only to objects which implement awaitable and
asynchronous iterator protocols at the C-level. See Async Object Structures for details.

3.5 #Hri I fE: Formerly known as tp_compare and tp_reserved.
ok :

The tp_as_async field is not inherited, but the contained fields are inherited individually.

reprfunc PyTypeObject .tp_repr

An optional pointer to a function that implements the built-in function repr ().

The signature is the same as for PyOb ject_Repr ():

PyObject *tp_repr (PyObject *self);

The function must return a string or a Unicode object. Ideally, this function should return a string that, when
passed to eval (), given a suitable environment, returns an object with the same value. If this is not feasible,
it should return a string starting with ' <' and ending with ' > ' from which both the type and the value of the
object can be deduced.

ok :
This field is inherited by subtypes.
BRik:

When this field is not set, a string of the form <%s object at $%p> isreturned, where %s is replaced by
the type name, and $p by the object’s memory address.

PyNumberMethods* PyTypeObiject .tp_as_number

Pointer to an additional structure that contains fields relevant only to objects which implement the number
protocol. These fields are documented in Number Object Structures.

MoK :

The tp_as_number field is not inherited, but the contained fields are inherited individually.

PySequenceMethods* PyTypeObject .tp_as_sequence

Pointer to an additional structure that contains fields relevant only to objects which implement the sequence
protocol. These fields are documented in Sequence Object Structures.

Bk :

The tp_as_sequence field is not inherited, but the contained fields are inherited individually.

PyMappingMethods* PyTypeObject .tp_as_mapping

Pointer to an additional structure that contains fields relevant only to objects which implement the mapping
protocol. These fields are documented in Mapping Object Structures.

Aok :

The tp_as_mapping field is not inherited, but the contained fields are inherited individually.

hashfunc PyTypeObject .tp_hash

An optional pointer to a function that implements the built-in function hash ().

The signature is the same as for PyObject_Hash ():

Py_hash_t tp_hash (PyObject *);

The value —1 should not be returned as a normal return value; when an error occurs during the computation
of the hash value, the function should set an exception and return - 1.

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyObject_HashNotImplemented ().

This field can be set explicitly to PyOb ject_HashNot Implemented () to block inheritance of the hash
method from a parent type. This is interpreted as the equivalent of _ _hash__ = None at the Python
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level, causing isinstance (o, collections.Hashable) to correctly return False. Note that the

converse is also true - setting __hash___ = None on a class at the Python level will result in the tp_hash
slot being set to PyOb ject_HashNot Implemented ().
Mok :

Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with tp_richcompare: a subtype inherits both of
tp_richcompareand tp_hash, whenthe subtype’s tp_richcompareand tp_hash are both NULL.

ternaryfunc PyTypeObject .tp_call
An optional pointer to a function that implements calling the object. This should be NULL if the object is not
callable. The signature is the same as for PyObject_Call ():

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

Aok :
This field is inherited by subtypes.

reprfunc PyTypeObject .tp_str
An optional pointer to a function that implements the built-in operation st r () . (Note that st r is a type now,
and str () calls the constructor for that type. This constructor calls PyObject_Str () to do the actual
work, and PyOb ject_ Str () will call this handler.)

The signature is the same as for PyObject_Str ():

PyObject *tp_str (PyObject *self);

The function must return a string or a Unicode object. It should be a "friendly” string representation of the
object, as this is the representation that will be used, among other things, by the print () function.

Aok :

This field is inherited by subtypes.

BRik:

When this field is not set, PyOb ject_Repr () is called to return a string representation.

getattrofunc PyTypeObject . tp_getattro
An optional pointer to the get-attribute function.

The signature is the same as for PyObject_GetAttr():

PyObject *tp_getattro(PyObject *self, PyObject *attr);

It is usually convenient to set this field to PyObject_GenericGetAttr (), which implements the normal
way of looking for object attributes.

Yok :
Group: tp_getattr, tp_getattro

This field is inherited by subtypes together with tp_getattr: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

A
PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc PyTypeObject . tp_setattro
An optional pointer to the function for setting and deleting attributes.

The signature is the same as for PyObject_SetAttr():

PyObject *tp_setattro(PyObject *self, PyObject *attr, PyObject *value);
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In addition, setting value to NULL to delete an attribute must be supported. It is usually convenient to set this
field to PyObject_GenericSetAttr (), which implements the normal way of setting object attributes.

ok :
Group: tp_setattr, tp_setattro

This field is inherited by subtypes together with tp_setattr: a subtype inherits both tp_setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.

Rik:
PyBaseObject_Type {%ﬁHPyObj ect_GenericSetAttr ().

PyBufferProcs* PyTypeObject .tp_as_buffer
Pointer to an additional structure that contains fields relevant only to objects which implement the buffer in-
terface. These fields are documented in Buffer Object Structures.

Pk :
The tp_as_buffer field is not inherited, but the contained fields are inherited individually.

unsigned long PyTypeObject .tp_£flags
This field is a bit mask of various flags. Some flags indicate variant semantics for certain situations; oth-
ers are used to indicate that certain fields in the type object (or in the extension structures referenced via
tp_as_number, tp_as_sequence, tp_as_mapping, and tp_as_buffer) that were historically
not always present are valid; if such a flag bit is clear, the type fields it guards must not be accessed and must
be considered to have a zero or NULL value instead.

Aok :

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS_HAVE_ GC flag bit is inherited together with the
tp_traverseand tp_clear fields, i.e. if the Py TPFLAGS_HAVE_GC flag bit is clear in the subtype
and the tp_traverse and tp_clear fields in the subtype exist and have NULL values.

ZRik:
PyBaseObject_Type uses Py TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

The following bit masks are currently defined; these can be ORed together using the | operator to form the
value of the tp_ f1ags field. The macro PyType_HasFeature () takes a type and a flags value, #p and
f, and checks whether tp—>tp_flags & f isnon-zero.

Py_TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). Inthis case, the ob_t ype field of its instances is considered a reference
to the type, and the type object is INCREFed when a new instance is created, and DECREFed when
an instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the
instance’s ob_type gets INCREFed or DECREF’ed).

Aok :
777
Py_TPFLAGS_BASETYPE

This bit is set when the type can be used as the base type of another type. If this bit is clear, the type
cannot be subtyped (similar to a “final” class in Java).

Aok :

777

Py_TPFLAGS_READY
This bit is set when the type object has been fully initialized by Py Type_Ready ().
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Mok :
777

Py_TPFLAGS_READYING
This bit is set while Py Type_Ready () is in the process of initializing the type object.

Aok :

Py_TPFLAGS_HAVE_GC
This bit is set when the object supports garbage collection. If this bit is set, instances must be created using
PyObject_GC_New () and destroyed using PyObject_GC_Del (). More information in section
12 22 F 53R 338 D)4, This bit also implies that the GC-related fields tp_traverse and
tp_clear are present in the type object.

Pk :
Group: Py _TPFLAGS_HAVE_GC,tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_ GC flag bit is inherited together with the tp_traverse and tp_clear
fields, i.e. if the Py TPFLAGS _HAVE_ GC flag bit is clear in the subtype and the tp_traverse and
tp_clear fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT
This is a bitmask of all the bits that pertain to the existence of certain fields in the

type object and its extension structures. Currently, it includes the following bits:
Py_TPFLAGS_HAVE_STACKLESS_EXTENSION, Py_TPFLAGS_HAVE_VERSION_TAG.
Aok :

777

Py_TPFLAGS_METHOD_DESCRIPTOR
This bit indicates that objects behave like unbound methods.

If this flag is set for t ype (meth), then:

e meth.__get__ (obj, cls) (*args, **kwds) (with obj not None) must be equivalent
tometh (obj, *args, **kwds).

e meth.__get__ (None, cls) (*args, **kwds) must be equivalent to meth (*args,
**kwds).

This flag enables an optimization for typical method calls like ob7j .meth () : it avoids creating a tem-
porary "bound method” object for obj .meth.

3.8 BN HE.
Aok :

This flag is never inherited by heap types. For extension types, it is inherited whenever t p_descr_get
is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_SUBCLASS

Py_TPFLAGS_BASE_EXC_SUBCLASS
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Py_TPFLAGS_TYPE_SUBCLASS

These flags are used by functions such as PyLong_Check () to quickly determine if a type
is a subclass of a built-in type; such specific checks are faster than a generic check, like
PyObject_IsInstance (). Custom types that inherit from built-ins should have their tp_flags
set appropriately, or the code that interacts with such types will behave differently depending on what
kind of check is used.

Py_TPFLAGS_HAVE_FINALIZE

This bit is set when the tp_finalize slotis present in the type structure.
3.4 e

3.8 f 5 EL #5145 This flag isn’t necessary anymore, as the interpreter assumes the tp_finalize slot
is always present in the type structure.

_Py_TPFLAGS_HAVE_VECTORCALL

This bit is set when the class implements the vectorcall protocol. See tp_vectorcall_ offset for
details.

Aok :

This bit is set on static subtypes if tp_flags is not overridden: a subtype inherits
_Py_TPFLAGS_HAVE_VECTORCALL from its base type when the subtype’ s tp_call is NULL
and the subtype’s Py_TPFLAGS_HEAPTYPE is not set.

Heap types do not inherit _Py_TPFLAGS_HAVE_VECTORCALL.

{Ef#: This flag is provisional and expected to become public in Python 3.9, with a different name and,
possibly, changed semantics. If you use vectorcall, plan for updating your code for Python 3.9.

3.8 B HE.

const char* PyTypeObject .tp_doc
An optional pointer to a NUL-terminated C string giving the docstring for this type object. This is exposed as

the

__doc___ attribute on the type and instances of the type.

Aok :
This field is not inherited by subtypes.

traverseproc PyTypeObject .tp_traverse
An optional pointer to a traversal function for the garbage collector.  This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int

tp_traverse (PyObject *self, visitproc visit, wvoid *arg);

More information about Python’s garbage collection scheme can be found in section 1 %} % % 71 ¥ 344 71
31 IR EDIL.

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_t raverse function simply calls Py_VISIT () on each of the instance’s members that
are Python objects that the instance owns. For example, this is function local_traverse () from the
_thread extension module:

static int
local_traverse (localobject *self, visitproc visit, woid *arg)

{

Py_VISIT (self->args);
Py_VISIT (self-—>kw);
Py_VISIT (self->dict);
return O;
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Note that Py VISTT () is called only on those members that can participate in reference cycles. Although
there is also a self—->key member, it can only be NULL or a Python string and therefore cannot be part of
a reference cycle.

On the other hand, even if you know a member can never be part of a cycle, as a debugging aid you may want
to visit it anyway just so the gc module’s get _referents () function will include it.

% M. When implementing tp_traverse, only the members that the instance owns (by having
strong references to them) must be visited. For instance, if an object supports weak references via the
tp_weaklist slot, the pointer supporting the linked list (what p_weaklist points to) must not be visited
as the instance does not directly own the weak references to itself (the weakreference list is there to support
the weak reference machinery, but the instance has no strong reference to the elements inside it, as they
are allowed to be removed even if the instance is still alive).

Note that Py VISIT () requires the visit and arg parameters to Local_traverse () tohave these specific
names; don’t name them just anything.

oK :
Group: Py_ TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py_ TPFLAGS_HAVE_GC flag bit: the
flagbit, tp_traverse,and t p_clear are all inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear

An optional pointer to a clear function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_clear (PyObject *);

The tp_clear member function is used to break reference cycles in cyclic garbage detected by the garbage
collector. Taken together, all tp_c1ear functions in the system must combine to break all reference cycles.
This is subtle, and if in any doubt supply a t p_ cIlear function. For example, the tuple type does not imple-
ment a tp_clear function, because it’s possible to prove that no reference cycle can be composed entirely
of tuples. Therefore the t p_ clear functions of other types must be sufficient to break any cycle containing
a tuple. This isn’t immediately obvious, and there’s rarely a good reason to avoid implementing tp_clear.

Implementations of tp_clear should drop the instance’s references to those of its members that may be
Python objects, and set its pointers to those members to NULL, as in the following example:

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR(self->args);
Py_CLEAR (self->kw);
Py_CLEAR(self->dict);
return O;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the con-
tained object must not be decremented until after the pointer to the contained object is set to NULL. This is
because decrementing the reference count may cause the contained object to become trash, triggering a chain
of reclamation activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks,
associated with the contained object). If it’s possible for such code to reference self again, it’s important that
the pointer to the contained object be NULL at that time, so that self knows the contained object can no longer
be used. The Py_ CLEAR () macro performs the operations in a safe order.

Because the goal of tp_clear functions is to break reference cycles, it’s not necessary to clear contained
objects like Python strings or Python integers, which can’t participate in reference cycles. On the other hand, it
may be convenient to clear all contained Python objects, and write the type’s t o_dea 1 1 oc function to invoke
tp_clear.
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More information about Python’s garbage collection scheme can be found in section 4 %} % & 7 & 31 1
31 IR EDIL.

Pk :
Group: Py TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_t raverse and the Py TPFLAGS_ HAVE_GC flag bit:
the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the
subtype.

richcmpfunc PyTypeObject . tp_richcompare

An optional pointer to the rich comparison function, whose signature is:

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

The first parameter is guaranteed to be an instance of the type that is defined by Py TypeOb ject.

The function should return the result of the comparison (usually Py_True or Py_False). If the comparison
is undefined, it must return Py_Not Implemented, if another error occurred it must return NULL and set
an exception condition.

The following constants are defined to be used as the third argument for tp_richcompare and for
PyObject_RichCompare ():

B XER
Py_LT | <
Py_LE | <=
Py_EQ | ==
Py_NE | !=
Py_GT | >
Py_GE | >=

E PN NN T Rt S 35 W LR R L
Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
Return Py_True or Py_False from the function, depending on the result of a comparison. VAL_A

and VAL_B must be orderable by C comparison operators (for example, they may be C ints or floats).
The third argument specifies the requested operation, as for PyObject_RichCompare ().

The return value’s reference count is properly incremented.
On error, sets an exception and returns NULL from the function.
3.7 B gE.

Aok :

Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with tp_hash: a subtype inherits tp_richcompare and
tp_hash when the subtype’s tp_richcompare and tp_hash are both NULL.

BRik:
PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. How-

ever, if only t p_hash is defined, not even the inherited function is used and instances of the type will not be
able to participate in any comparisons.

Py_ssize_t PyTypeObject.tp_weaklistoffset

If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used
by PyObject_ClearWeakRefs () and the PyWeakref_* () functions. The instance structure needs
to include a field of type PyObject * which is initialized to NULL.

Do not confuse this field with £ p_weak 11 st; that is the list head for weak references to the type object itself.
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Aok :
This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means

that the subtype uses a different weak reference list head than the base type. Since the list head is always found
via tp_weaklistoffset, this should not be a problem.

When a type defined by a class statement has no ___slots__ declaration, and none of its base types are
weakly referenceable, the type is made weakly referenceable by adding a weak reference list head slot to the
instance layout and setting the tp_weaklistoffset of that slot’s offset.

When a type’s __slots__ declaration contains a slot named __weakref__, that slot becomes the weak
reference list head for instances of the type, and the slot’s offset is stored in the type’s t p_weaklistoffset.

When a type’s ___slots__ declaration does not contain a slot named __weakref__, the type inherits its

tp_weaklistoffset from its base type.

getiterfunc PyTypeObject .tp_iter
An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

This function has the same signature as PyOb ject_GetIter ():

PyObject *tp_iter (PyObject *self);

Aok :
This field is inherited by subtypes.

iternextfunc PyTypeObject .tp_iternext
An optional pointer to a function that returns the next item in an iterator. The signature is:

PyObject *tp_iternext (PyObject *self);

When the iterator is exhausted, it must return NULL; a StopIteration exception may or may not be set.
When another error occurs, it must return NULL too. Its presence signals that the instances of this type are
iterators.

Iterator types should also define the tp_ i t er function, and that function should return the iterator instance
itself (not a new iterator instance).

This function has the same signature as Py Tter_Next ().
Aok :
This field is inherited by subtypes.

struct PyMethodDef* PyTypeObject . tp_methods
An optional pointer to a static NULL-terminated array of PyMethodDef structures, declaring regular meth-
ods of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a
method descriptor.

Yok :
This field is not inherited by subtypes (methods are inherited through a different mechanism).

struct PyMemberDef* PyTypeObject . tp_members
An optional pointer to a static NULL-terminated array of PyMemberDef structures, declaring regular data
members (fields or slots) of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a
member descriptor.

MoK -

This field is not inherited by subtypes (members are inherited through a different mechanism).
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struct PyGetSetDef* PyTypeObject .tp_getset
An optional pointer to a static NULL-terminated array of PyGet SetDef structures, declaring computed
attributes of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see t p_dict below) containing a getset
descriptor.

Aok :
This field is not inherited by subtypes (computed attributes are inherited through a different mechanism).

PyTypeObject* PyTypeObject .tp_base
An optional pointer to a base type from which type properties are inherited. At this level, only single inheritance
is supported; multiple inheritance require dynamically creating a type object by calling the metatype.

{ifiit:  Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to be “address
constants”. Function designators like Py Type_GenericNew (), with implicit conversion to a pointer, are
valid C99 address constants.

However, the unary ’&’ operator applied to a non-static variable like PyBaseObject_Type () is not re-
quired to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers
are strictly standard conforming in this particular behavior.

Consequently, t p_base should be set in the extension module’s init function.

Aok :

This field is not inherited by subtypes (obviously).

BRiA:

This field defaults to sPyBaseObject_Type (which to Python programmers is known as the type
object).

PyObject* PyTypeObject .tp_dict
The type’s dictionary is stored here by Py Type_Ready ().

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations
(like __add__()).

ok :

This field is not inherited by subtypes (though the attributes defined in here are inherited through a different
mechanism).

Rl

If this field is NULL, Py Type_Ready () will assign a new dictionary to it.

M. Itis not safe to use PyDict_SetItem () on or otherwise modify t p_dict with the dictionary
C-APL

descrgetfunc PyTypeObject .tp_descr_get
An optional pointer to a “descriptor get” function.

The function signature is:

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

Aok :
This field is inherited by subtypes.
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descrsetfunc PyTypeObject . tp_descr_set
An optional pointer to a function for setting and deleting a descriptor’s value.

The function signature is:

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

The value argument is set to NULL to delete the value.
MoK :
This field is inherited by subtypes.

Py_ssize_t PyTypeObject .tp_dictoffset
If the instances of this type have a dictionary containing instance variables, this field is non-zero and
contains the offset in the instances of the type of the instance variable dictionary; this offset is used by
PyObject_GenericGetAttr ().

Do not confuse this field with tp_ dict; that is the dictionary for attributes of the type object itself.

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If
the value is less than zero, it specifies the offset from the end of the instance structure. A negative offset is
more expensive to use, and should only be used when the instance structure contains a variable-length part.
This is used for example to add an instance variable dictionary to subtypes of str or tuple. Note that the
tp_basicsize field should account for the dictionary added to the end in that case, even though the dictio-
nary is not included in the basic object layout. On a system with a pointer size of 4 bytes, tp_dictoffset
should be set to —4 to indicate that the dictionary is at the very end of the structure.

The real dictionary offset in an instance can be computed from a negative tp_dictoffset as follows:

dictoffset = tp_basicsize + abs(ob_size) *tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

where tp_basicsize, tp_itemsize and tp_dictoffset are taken from the type object, and
ob_size is taken from the instance. The absolute value is taken because ints use the sign of ob_size
to store the sign of the number. (There’s never a need to do this calculation yourself; it is done for you by
_PyObject_GetDictPtr().)

Bk

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is
always found via tp_ dictoffset, this should not be a problem.

When a type defined by a class statement has no ___slots___ declaration, and none of its base types has an
instance variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set
to that slot’s offset.

When a type defined by a class statement has a __slots__ declaration, the type inherits its
tp_dictoffset from its base type.

(Adding a slot named __dict__ tothe __slots__ declaration does not have the expected effect, it just
causes confusion. Maybe this should be added as a feature just like __weakref _ though.)

ZRik:
This slot has no default. For static types, if the field is NULL then no __dict___ gets created for instances.

initproc PyTypeObject .tp_init
An optional pointer to an instance initialization function.
This function corresponds to the __init__ () method of classes. Like __init__ (), it is possible to

create an instance without calling __init__ (), and it is possible to reinitialize an instance by calling its
__init__ () method again.

The function signature is:
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int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of the callto __init__ ().

The tp_init function, if not NULL, is called when an instance is created normally by calling its type, after
the type’s t p_ new function has returned an instance of the type. If the ¢ p_ new function returns an instance
of some other type that is not a subtype of the original type, no tp_init function is called; if tp_new
returns an instance of a subtype of the original type, the subtype’s tp_init is called.

Returns 0 on success, —1 and sets an exception on error.
Mok :

This field is inherited by subtypes.

Rl

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc
An optional pointer to an instance allocation function.

The function signature is:

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

Aok :
This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement).
BN

For dynamic subtypes, this field is always set to PyType GenericAlloc (), to force a standard heap
allocation strategy.

For static subtypes, PyBaseObject_Typeuses PyType_GenericAlloc (). Thatis the recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new
An optional pointer to an instance creation function.

The function signature is:

PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

The subtype argument is the type of the object being created; the args and kwds arguments represent positional
and keyword arguments of the call to the type. Note that subtype doesn’t have to equal the type whose t p_new
function is called; it may be a subtype of that type (but not an unrelated type).

The tp_new function should call subtype->tp_alloc (subtype, nitems) to allocate space for
the object, and then do only as much further initialization as is absolutely necessary. Initialization that can
safely be ignored or repeated should be placed in the tp_init handler. A good rule of thumb is that for
immutable types, all initialization should take place in tp_new, while for mutable types, most initialization
should be deferred to tp_init.

MoK :

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

BRIA:

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called
to create new instances; presumably there is some other way to create instances, like a factory function.

Jfreefunc PyTypeObject .tp_free
An optional pointer to an instance deallocation function. Its signature is:
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void tp_free(void *self);

An initializer that is compatible with this signature is PyObject_Free ().
MoK :
This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement)

In dynamic subtypes, this field is set to a deallocator suitable to match Py Type_GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del.

inquiry PyTypeObject .tp_is_gc
An optional pointer to a function called by the garbage collector.

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient
to look at the object’s type’s tp_f1lags field, and check the Py TPFLAGS_ HAVE_GC flag bit. But some
types have a mixture of statically and dynamically allocated instances, and the statically allocated instances are
not collectible. Such types should define this function; it should return 1 for a collectible instance, and 0 for a
non-collectible instance. The signature is:

int tp_is_gc(PyObject *self);

(The only example of this are types themselves. The metatype, PyType_Type, defines this function to
distinguish between statically and dynamically allocated types.)

Bk :

This field is inherited by subtypes.

BRik:

This slot has no default. If this field is NULL, Py_ TPFLAGS_HAVE_GC is used as the functional equivalent.

PyObject* PyTypeObject .tp_bases
Tuple of base types.

This is set for types created by a class statement. It should be NULL for statically defined types.
MoK :
This field is not inherited.

PyObject* PyTypeObject .tp_mro
Tuple containing the expanded set of base types, starting with the type itself and ending with object, in
Method Resolution Order.

Yok :
This field is not inherited; it is calculated fresh by Py Type_Ready ().

PyObject* PyTypeObject . tp_cache
Unused. Internal use only.

Pk :
This field is not inherited.

PyObject* PyTypeObject .tp_subclasses
List of weak references to subclasses. Internal use only.

Pk :
This field is not inherited.
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PyObject* PyTypeObject .tp_weaklist
Weak reference list head, for weak references to this type object. Not inherited. Internal use only.

Pk :
This field is not inherited.

destructor PyTypeObiject .tp_del
This field is deprecated. Use tp_finalize instead.

unsigned int PyTypeObject.tp_version_tag
Used to index into the method cache. Internal use only.

Pk :
This field is not inherited.

destructor PyTypeObiject .tp_finalize
An optional pointer to an instance finalization function. Its signature is:

void tp_finalize (PyObject *self);

If tp_finalizeis set, the interpreter calls it once when finalizing an instance. It is called either from the
garbage collector (if the instance is part of an isolated reference cycle) or just before the object is deallocated.
Either way, it is guaranteed to be called before attempting to break reference cycles, ensuring that it finds the
object in a sane state.

tp_finalize should not mutate the current exception status; therefore, a recommended way to write a
non-trivial finalizer is:

static void
local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

VA V4

/* Restore the saved exception. */
PyErr_Restore(error_type, error_value, error_traceback);

For this field to be taken into account (even through inheritance), you must also set the
Py TPFLAGS_HAVE_FINALIZE flags bit.

Aok :

This field is inherited by subtypes.
3.4 CfE.

Z W

”Safe object finalization” (PEP 442)

The remaining fields are only defined if the feature test macro COUNT_ALLOCS is defined, and are for internal use
only. They are documented here for completeness. None of these fields are inherited by subtypes.

Py_ssize_t PyTypeObject.tp_allocs
Number of allocations.

Py_ssize_t PyTypeObject.tp_frees
Number of frees.

Py_ssize_t PyTypeObject.tp_maxalloc
Maximum simultaneously allocated objects.
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PyTypeObject* PyTypeObject .tp_prev
Pointer to the previous type object with a non-zero tp_allocs field.

PyTypeObject* PyTypeObject .tp_next
Pointer to the next type object with a non-zero tp_allocs field.

Also, note that, in a garbage collected Python, tp_dealloc may be called from any Python thread, not just the
thread which created the object (if the object becomes part of a refcount cycle, that cycle might be collected by a
garbage collection on any thread). This is not a problem for Python API calls, since the thread on which tp_dealloc
is called will own the Global Interpreter Lock (GIL). However, if the object being destroyed in turn destroys objects
from some other C or C++ library, care should be taken to ensure that destroying those objects on the thread which
called tp_dealloc will not violate any assumptions of the library.

12.3.6 Heap Types
Traditionally, types defined in C code are static, that is, a static Py TypeOb ject structure is defined directly in code
and initialized using Py Type_Ready ().
This results in types that are limited relative to types defined in Python:
* Static types are limited to one base, i.e. they cannot use multiple inheritance.

* Static type objects (but not necessarily their instances) are immutable. It is not possible to add or modify the
type object’s attributes from Python.

« Static type objects are shared across sub-interpreters, so they should not include any subinterpreter-specific
state.

Also, since Py TypeOb ject is not part of the stable ABI, any extension modules using static types must be compiled
for a specific Python minor version.

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes
created by Python’s class statement.

This is done by filling a Py Type_ Spec structure and calling Py Type_FromSpecWithBases ().

12.4 Number Object Structures

PyNumberMethods
This structure holds pointers to the functions which an object uses to implement the number protocol. Each
function is used by the function of similar name documented in the %5 #33 section.

Here is the structure definition:

typedef struct {
binaryfunc nb_add;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_subtract;
nb_multiply;

nb_remainder;

nb_divmod;

ternaryfunc nb_power;

unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;

inquiry nb_.

bool;

unaryfunc nb_invert;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;
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unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc nb_inplace_add;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;
binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;
binaryfunc nb_matrix_multiply;

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

{Efi#t: Binary and ternary functions must check the type of all their operands, and implement the necessary
conversions (at least one of the operands is an instance of the defined type). If the operation is not defined
for the given operands, binary and ternary functions must return Py_Not Implemented, if another error
occurred they must return NULL and set an exception.

{Eff: The nb_reserved field should always be NULL. It was previously called nb_1ong, and was re-
named in Python 3.0.1.

binaryfunc PyNumberMethods .nb_add
binaryfunc PyNumberMethods .nb_subtract
binaryfunc PyNumberMethods .nb_multiply
binaryfunc PyNumberMethods .nb_remainder
binaryfunc PyNumberMethods .nb_divmod
ternaryfunc PyNumberMethods . nb_power
unaryfunc PyNumberMethods .nb_negative
unaryfunc PyNumberMethods .nb_positive
unaryfunc PyNumberMethods .nb_absolute
inquiry PyNumberMethods .nb_bool
unaryfunc PyNumberMethods .nb_invert
binaryfunc PyNumberMethods .nb_1lshift
binaryfunc PyNumberMethods .nb_rshift
binaryfunc PyNumberMethods .nb_and

binaryfunc PyNumberMethods .nb_xor
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binaryfunc PyNumberMethods .

nb_or

unaryfunc PyNumberMethods .nb_int

void *PyNumberMethods .nb_reserved

unaryfunc PyNumberMethods .nb_float

binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .

ternaryfunc PyNumberMethods .

binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .

nb_inplace_add
nb_inplace_subtract
nb_inplace_multiply
nb_inplace_remainder
nb_inplace_power
nb_inplace_lshift
nb_inplace_rshift
nb_inplace_and
nb_inplace_xor
nb_inplace_or
nb_floor_divide
nb_true_divide
nb_inplace_floor_divide

nb_inplace_true_divide

unaryfunc PyNumberMethods .nb_index

binaryfunc PyNumberMethods .

binaryfunc PyNumberMethods .

nb_matrix_multiply

nb_inplace_matrix_multiply

12.5 Mapping Object Structures

PyMappingMethods

This structure holds pointers to the functions which an object uses to implement the mapping protocol. It has

three members:

lenfunc PyMappingMethods .mp_length

This function is used by PyMapping Size () and PyObject_Size (), and has the same signature. This
slot may be set to NULL if the object has no defined length.

binaryfunc PyMappingMethods .mp_subscript

This function is used by PyObject_GetItem() and PySequence_GetSlice (), and has the same
signature as PyObject_GetItem (). This slot must be filled for the PyMapping Check () function to
return 1, it can be NULL otherwise.

objobjargproc PyMappingMethods .mp_ass_subscript

This function is used by PyObject_SetItem(), PyObject_DelItem(),
PyObject_SetSlice() and PyObject_DelSlice(). It has the same signature as
PyObject_SetItem(), but v can also be set to NULL to delete an item. If this slot is NULL, the
object does not support item assignment and deletion.

12.5. Mapping Object Structures
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12.6 Sequence Object Structures

PySequenceMethods
This structure holds pointers to the functions which an object uses to implement the sequence protocol.

lenfunc PySequenceMethods.sq_length
This function is used by PySequence_Size () and PyObject_Size (), and has the same signature. It
is also used for handling negative indices via the sg_itemand the sg_ass_itemslots.

binaryfunc PySequenceMethods.sq concat
This function is used by PySequence_Concat () and has the same signature. It is also used by the +
operator, after trying the numeric addition via the nb_add slot.

ssizeargfunc PySequenceMethods . sq_repeat
This function is used by PySequence_Repeat () and has the same signature. It is also used by the *
operator, after trying numeric multiplication via the nb_multiply slot.

ssizeargfunc PySequenceMethods.sq_item
This function is used by PySequence_GetItem() and has the same signature. It is also used by
PyObject_GetItem(), after trying the subscription via the mp_subscript slot. This slot must be
filled for the PySequence_Check () function to return 1, it can be NULL otherwise.

Negative indexes are handled as follows: if the sq_length slotis filled, it is called and the sequence length is
used to compute a positive index which is passed to sgq_item. If sg_length is NULL, the index is passed
as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_DelItem (), after trying the item assignment and deletion via
the mp_ass_subscript slot. This slot may be left to NULL if the object does not support item assignment
and deletion.

objobjproc PySequenceMethods .sq_contains
This function may be used by PySequence_Contains () and has the same signature. This slot may be
left to NULL, in this case PySequence_Contains () simply traverses the sequence until it finds a match.

binaryfunc PySequenceMethods.sq_inplace_concat
This function is used by PySequence_InPlaceConcat () and has the same signature. It
should modify its first operand, and return it. = This slot may be left to NULL, in this case
PySequence_InPlaceConcat () will fall back to PySequence_Concat (). Itis also used by the
augmented assignment +=, after trying numeric in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat
This function is used by PySequence_InPlaceRepeat () and has the same signature. It
should modify its first operand, and return it.  This slot may be left to NULL, in this case
PySequence_InPlaceRepeat () will fall back to PySequence_Repeat (). Itis also used by the
augmented assignment *=, after trying numeric in-place multiplication via the nb_inplace_multiply
slot.

12.7 Buffer Object Structures

PyBufferProcs
This structure holds pointers to the functions required by the Buffer protocol. The protocol defines how an
exporter object can expose its internal data to consumer objects.

getbufferproc PyBufferProcs .bf_getbuffer
The signature of this function is:

int (PyObject *exporter, Py_buffer *view, int flags);
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Handle a request to exporter to fill in view as specified by flags. Except for point (3), an implementation of this
function MUST take these steps:

(1) Check if the request can be met. If not, raise PyExc_BufferError, set view->o0bj to NULL and
return —1.

(2) Fill in the requested fields.
(3) Increment an internal counter for the number of exports.
(4) Set view->o0b7j to exporter and increment view—>obj.
(5) Return 0.
If exporter is part of a chain or tree of buffer providers, two main schemes can be used:

* Re-export: Each member of the tree acts as the exporting object and sets view—>ob 7 to a new reference
to itself.

* Redirect: The buffer request is redirected to the root object of the tree. Here, view—>obj will be a
new reference to the root object.

The individual fields of view are described in section Buffer structure, the rules how an exporter must react to
specific requests are in section Buffer request types.

All memory pointed to in the Py__buf fer structure belongs to the exporter and must remain valid until there
are no consumers left. format, shape, strides, suboffsets and internal are read-only for the
consumer.

PyBuffer FillInfo () provides an easy way of exposing a simple bytes buffer while dealing correctly
with all request types.

PyObject_GetBuffer () is the interface for the consumer that wraps this function.

releasebufferproc PyBuf ferProcs .bf_releasebuffer
The signature of this function is:

void (PyObject *exporter, Py_buffer *view);

Handle a request to release the resources of the buffer. If no resources need to be released,
PyBufferProcs.bf_ releasebuffer may be NULL. Otherwise, a standard implementation of this
function will take these optional steps:

(1) Decrement an internal counter for the number of exports.
(2) If the counter is 0, free all memory associated with view.

The exporter MUST use the i nt ernal field to keep track of buffer-specific resources. This field is guaranteed
to remain constant, while a consumer MAY pass a copy of the original buffer as the view argument.

This function MUST NOT decrement view->obj, since that is done automatically in
PyBuffer_Release () (this scheme is useful for breaking reference cycles).

PyBuffer Release () is the interface for the consumer that wraps this function.

12.8 Async Object Structures

3.5 B fE.

PyAsyncMethods
This structure holds pointers to the functions required to implement awaitable and asynchronous iterator ob-
jects.

Here is the structure definition:
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typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
} PyAsyncMethods;

unaryfunc PyAsyncMethods . am_await
The signature of this function is:

PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () mustreturn 1 for it.
This slot may be set to NULL if an object is not an awaitable.

unaryfunc PyAsyncMethods .am_aiter
The signature of this function is:

PyObject *am_aiter (PyObject *self);

Must return an awaitable object. See __anext___ () for details.
This slot may be set to NULL if an object does not implement asynchronous iteration protocol.

unaryfunc PyAsyncMethods .am_anext
The signature of this function is:

’PyObject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.

12.9 Slot Type typedefs

PyObject * (*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)
The purpose of this function is to separate memory allocation from memory initialization. It should return a
pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized to zeros, but
with ob_refcnt set to 1 and ob_type set to the type argument. If the type’s tp_itemsize is non-
zero, the object’s ob_s1ize field should be initialized to nitems and the length of the allocated memory block
shouldbe tp_basicsize + nitems*tp_itemsize,rounded up toamultiple of sizeof (void*);
otherwise, nitems is not used and the length of the block should be tp_basicsize.

This function should not do any other instance initialization, not even to allocate additional memory; that should
be done by tp_new.

void (*destructor) (PyObject *)

PyObject * (*vectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kw-
names)
See tp_vectorcall_offset.

Arguments to vectorcallfunc are the same as for _PyObject_Vectorcall ().
3.8 FriR e

void (*freefunc) (void *)
See tp_free.

PyObject * (*newfunc) (PyObject *, PyObject *, PyObject *)
See tp_new.

int (*initproc) (PyObject *, PyObject *, PyObject *)
See tp_init.
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PyObject * (*reprfunc) (PyObject *)
See tp_repr.

PyObject * (*getattrfunc) (PyObject *self, char *attr)
Return the value of the named attribute for the object.

int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)

Set the value of the named attribute for the object. The value argument is set to NULL to delete the attribute.

PyObject * (*getattrofunc) (PyObject *self, PyObject *attr)
Return the value of the named attribute for the object.

See tp_getattro.

int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)

Set the value of the named attribute for the object. The value argument is set to NULL to delete the attribute.

See tp_setattro.

PyObject * (*descrgetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrget.

int (*descrsetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrset.

Py_hash_t (*hashfunc) (PyObject *)
See tp_hash.

PyObject * (*richempfunc) (PyObject *, PyObject *, int)
See tp_richcompare.

PyObject * (*getiterfunc) (PyObject *)
See tp_iter.

PyObject * (*iternextfunc) (PyObject *)
See tp_iternext.

Py_ssize_t (*1lenfunc) (PyObject *)

int (*getbufferproc) (PyObject *, Py_buffer *, int)

void (*releasebufferproc) (PyObject *, Py_buffer *)
PyObject * (*unaryfunc) (PyObject *)

PyObject * (*binaryfunc) (PyObject *, PyObject *)

PyObject * (*ternaryfunc) (PyObject *, PyObject *, PyObject *)
PyObject * (*ssizeargfunc) (PyObject *, Py_ssize_t)

int (*ssizeobjargproc) (PyObject *, Py_ssize_t)

int (*objobjproc) (PyObject *, PyObject *)

int (*objobjargproc) (PyObject *, PyObject *, PyObject *)

12.10 5|

The following are simple examples of Python type definitions. They include common usage you may encounter.
Some demonstrate tricky corner cases. For more examples, practical info, and a tutorial, see defining-new-types and

new-types-topics.

A basic static type:

12.10. #¥F
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typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",

{

.tp_basicsize = sizeof (MyObject),

.tp_doc = "My objects",

.tp_new = myobj_new,

.tp_dealloc =

.tp_repr =
bi

(destructor)myobj_dealloc,
(reprfunc)myobj_repr,

You may also find older code (especially in the CPython code base) with a more verbose initializer:

static PyTypeObject MyObject_Type
PyVarObject_HEAD_INIT (NULL, O0)
"mymod.MyObject",
sizeof (MyObject),

r
destructor)myobj_dealloc,

4
reprfunc)myobj_repr,

P N Y

~

N~ SN SN SN SN O~ O~

O O O O O O O O OO oo oo o o
~

~

myobj_new,

bi

{

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

tp_name */
tp_basicsize */
tp_itemsize */
tp_dealloc */
tp_vectorcall_offset */
tp_getattr */
tp_setattr */
tp_as_async */
tp_repr */
tp_as_number */
tp_as_sequence */
tp_as_mapping */
tp_hash */
tp_call */

tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
tp_doc */
tp_traverse */
tp_clear */
tp_richcompare */
tp_weaklistoffset */
tp_iter */
tp_iternext */
tp_methods */
tp_members */
tp_getset */
tp_base */
tp_dict */
tp_descr_get */
tp_descr_set */
tp_dictoffset */
tp_init */
tp_alloc */
tp_new */

A type that supports weakrefs, instance dicts, and hashing:

typedef struct {
PyObject_HEAD

(FOAkED)
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const char *data;

PyObject *inst_dict;

PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O0)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = "My objects",

.tp_weaklistoffset = offsetof (MyObject, weakreflist),

.tp_dictoffset = offsetof (MyObject, inst_dict),

.tp_flags = Py TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,
.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobij_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func):

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "mymod.MyStr",

.tp_basicsize = sizeof (MyStr),

.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = "my custom str",

.tp_flags = Py_TPFLAGS_DEFAULT,

.tp_new = NULL,

.tp_repr = (reprfunc)myobj_repr,
bi

The simplest static type (with fixed-length instances):

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",

bi

The simplest static type (with variable-length instances):

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
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(8L 7))
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi
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int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
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R I X I 25 A TRAR Y Y arg {EL. visit BRECR AN AT AT NULL XA S50, an2t visit 1R
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Wep traverse IEENG K visit Fl arg .

void Py_VISIT (PyObject *0)

sk o Ak NULL, WIYHH visie [FIEEEC, AT SEC 0 Fl arg. NS visie 3R [N HESAE, R[]
Ml BHAREZE, tp_traverse AR AIT:

static int
my_traverse (Noddy *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear AbPRREFOAN inquiry 8B, WIERXIGOR R AE N)2A NULL,

int (*inquiry) (PyObject *self )
EFPHETRAGI G . AN RATRE RIS, PO TR B a5 . &
TEREME, XERAERH MBS A2 A8 CRREXN S I Py _DECREF () J51ik) . 4
TR S g A I B2 RAE PRI G | R, SRS

1211, EX R TIFIRTGI R B 21
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cHAPTER 13

API| 0 AB| fR AR E 18

PY_VERSTON_HEX J& Python FURTA S0 HHOHR .

i, 4N "PY _ VERSION _ HEX" £ 245"0x0304012", WRT DA HA R Jy st 2Ly 32 gy e e
LR AANE R

F o uH (x| &X

ToimF W

£ | F)

1 1-8 PY _MAJOR_VERSION (3.4.1a2 Hiffj3)

2 9-16 PY_MINOR_VERSION (3.4.1a2 14 )

3 17-24 PY_MICRO_VERSION (3.4.1a2 H1y 1)

4 25-28 PY_RELEASE_LEVEL (0xA 42 alpha i 4%, 0xB /& beta fft4%, 0xC &A1)
fREHRATE H. 0xF AR HAR), FEIXAI T XA A S alpha fifiAs .

29-32 PY_RELEASE_SERIAL (3.4.1a2 12, RZRAM 0)

I 3.4.1a2 i 16 FEHIRAS /2 0x030401a2
A 3207 2280 & XAE Include/patchlevel.h,
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APPENDIX A

RIEXFERE

>>> B A ERIARY Python $2/R4F . AEAE S R T-REPARZ B s E MR REAS LA T RE A RS 2 i
<. ATRAETE:
o A2 AL b ARPRACES AT I BRIARY Python $27RFF, AU6E: ZEbrgAaddl, BO0 - FafF
ZW (B3ES. ks, ES8=E5), s MRz )E.
* Ellipsis NEHFE.
2to3 —>Kf Python 2.x f{A%H%45 A Python 3.x UASHY T H., REASALFEICHS 4310 A AR A R AL 3k g AT AR
AT ) AN AT I A

2t03 WTERRHEREH, B 1ib2to3; Mt —MIMSL AN A Tools/scripts/2to3. &
I, 2to3-reference ,

abstract base class -- fIR M TR KPR ABC, J@Xtduck-typing BI#h 7S, BHEAL T —FpE S O 3%
Fa, M2 FHALR G EU hasattr () B TRMECE HEC R (FlangH EAR5). ABC
SIAT T2, XM IEg& B HAb3S, (HAWIRERY isinstance () Ml issubclass () ik
Al DL abe i SCRY . Python H A 42 N ERY ABC HH TS U451 (F£ collections. abe
Herp), 807 (FF numbers ) i (FE 1o i), S ABRASFIMESS (F£ importlib. abe
i) o ARATPAE ] abe BHCRAIE H 21 ABC.

annotation -- bl JCECH| AR BEM . KBS R IBMERIARE, BLENE  ype hint AR .

SRR LA AT R TV, R4t . SRR IR 2 BIER . ARt
B __annotations__ #piRJEMETF.

Z: W variable annotation, function annotation, PEP 484 ] PEP 526, XJUHINEEHH NE .
argument -- S5 7LV BREHE 4 function  (B{method ) WHEH. S35 RWiFh:

o RHEF A TERREOR I P T A AR AT (B0 name=) SUFAE NS TERTTAA ** 15
JRHLAEM A 250K, 3 FI 5 AEPA TR XY complex () B Y@ T Kt 7S

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

s EE A AET RETFSHSEC MESEOTH T SHON RIS AL S8 wia
WA * Witerable RRITTRGAE A . 20IRUL, 3 F1 5 LA M P BT B SEC

complex (3, 5)
complex (* (3, 5))
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SR RRAEL L5 PREAR 6 B 1 JE iR As e A CRAELRR N 2 I, calls —5 . ARMEIETS, AR5
FRA] PR FR— S8 A A I SRS % . 1 RS i
Tz Wparameter AEFZZH , HILEH SEEE S X HIPA L PEP 362,
asynchronous context manager -- 525 | FSC8FPRZS 0L AP XF 4 il i F X __aenter_ () M
__aexit__ () FYERX; async with {50 R TIEE . B PEP 492 5] A
asynchronous generator -- 53542 K 2% iR [ {B ~asynchronous generator iterator W R, B 5 async
def & X PEEREARFALL, ANRZAHETFEAS yield b PA=E— RS WHE async for
PEA T A1
WARIEE 245 70 4 g AL, (AR RS B0 R ] GEJ2 48 o+ &
R BRI AR ARG
— N AR RO BB await KA E#H asyne for PAN async with 4],
asynchronous generator iterator -- 525 2 g5 028 asynchronous generator eRELFT IR R A .
WX S JE T asynchronous iterator, 4R __anext__ () JEy &R AN 0] SR Sk 00T
S AR R RIS B R T — yield £ibx,
A yield SIS EE, (CfEY4 R0 B TRS (1 RERAS m R try 154). 241% 5
FAEMREEREGHM __anext_ () REIWFTERFRRARUKZNS, B MEFFALE LT T .
Z: i, PEP 492 F1 PEP 525,

asynchronous iterable -- 5 B[ IXfRM R W E async for i A) o gk 6 H 09 X S b 0 B W
__aiter_ () FEREl—"Aasynchronous iterator, B PEP 492 5] A,

asynchronous iterator -- 5330S LI T _ aiter () Ml__anext_ () HIEMIXIER. _ anext_
WLAR Bl —A~awaitable 34¢ . async for LAFLR LR __anext__ () FiAFrR I A5
fixts, HFHD| % —1 StopAsyncIteration B . H PEP 492 5] A,

attribute -- JEPE HKE]— W RAVE, LA RS2kl KA FoRG . B, aR— R o
HA @M a, BT A o.a REIHE.

awaitable -- A 25 R0 R GETE await FRPHEHXTER . WA coroutine B2 HA __await__ ()
IR . S0, PEP 492,

BDFL “&5{-ZZM#E" W45, HI Guido van Rossum, Python A1) .

binary file -- —3FHISCIE file object REMG RS F 7 Kb o R SCHR B R A BRI (Teb,
"wb' or "rb+") FTHE M. sys.stdin.buffer, sys.stdout.buffer DA io.BytesIO
M gzip.GzipFile HYSEHI.,
TS Wiext file T REEMSIES st MR SRS,

bytes-like object -- ‘P ViR R L Hp2E o v I HAES ) C-contiguous A4, X AFEHTA bytes.
bytearray fll array.array X%, PARFZEHE nemoryview X[ 4. FARNRAELF
PERIEAREAE PR XA E R RS . PRAF A B SO ARGl S B e R iR S
LA TR BT AR ) R . XX R AE SR PR MBS . W ARG
SBIFAU4E bytearray A} bytearray i memoryview, HAWHEAEZR i HIEHR AT A
AIARRT G R RRTE)s XS A6 736 bytes PAN bytes X4 ¥ memoryview,

bytecode -- ‘= {ifity Python JFAUIS 29 4mit 470, R CPython fifkiss /R Python 271 RS .
FATIA S GATAE - pyc S, XFESS IR PAT R SCFIE BE R (] DAGR 25K 5RS 28 4 13
HEARY) o XA FRNE S B TR R AT S A T WL AS i virtual machine 2. 1o RN [H
Python AL LA FIEA—El A, HA—EREFEAI Python iliA 345 .
FATRGFE A HFE 0] DAFE dis B SO A R

callback -- [ —ERSEWEAL AU DATE AR R 0 5N Z0 9508 F 1) 1B RE R 4

dass -- & FRAIE P OGS BN . 25 S RS AR A SE B A T ERAE I i o

class variable -- Y8 & 7R rE WA &, I HAUBRAEZRZ S BB e (MR @ AE S SL B R & el

9
9

SR E. WPRFEIERE

9
!
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coercion -- JFISRIEEHE 60 S AR R 2R B S B RAE T, —FhR AU SE 0 R U 40k o —Fh 2R
B, BN, int (3.15) @XFIETF SR REAEL 3, BAE 3+4.5 1, SRR IR—3 (—4>
J2 int, —A>g float) , PHEWAEARAH R B GEAHM, A IAF5 % TypeError. WEREA
%%%Tﬁﬂ%ﬂ, TP BRI W AR S B — M A R 2R AL, BN S Y float (3) +4.5 1
AN 3+4.5,

complex number -- 525 XL RGP R, Hd g BUEEEER R A SRR A R AL
EECEERCANL (-1 FPPIR) MSEREE, EEAERARE N 1, TR EN 5. Python P&
TXER SR, R TREZEC TG BEEE— 3 B2, Fl 3+15. WARFEZ math Bk
DI GE%F B EZ BOR AR, M cmath, EAEIM & — R R BRI EAE . SRR 1%
HbsE, ZMEATHE IR S T

context manager -- |- FICHPIEY TE with i) P, EdE X __enter_ () fl _exit__ () F¥&
K= HIAFARSHIN G . S0, PEP 343,

context variable -- |- F 305 —FRIEH B LR SCAT ARA AFRIPER B . XRUTFAELR R
PR PATERE T AR A ANFEP AR A, W ETFCEERY, — M Tdfdngis
HZA TR, BT  RE ARSI KRS AR TiEE:. 20 contextvars.

contiguous -- ¥E8; — NEp IR R C #4218 Forran % 5t SW0A R HELEN . F4EZ /2 C Al Fortran
LN . FE—4EB T, Frf 2 B U AE AR TP I AE S HESY SRS LR s =5 0T
TEZ 4k C-IESEA Y, 244 AR HES I B — AR5 V5 A 4% B i fe i . {H2 7E Fortran
LR NE ARG etk

coroutine -- Pt T BIRERYE— BB . IR AT AER — Rt ATFAE S — GBI AT pA
TEVFZ AR EREA L BIAKSE . EATAEE asyne def AR, 2L PEP 492,

coroutine function -- PPpFRERREL 1R [B]—coroutine ST HIREL. IMERERTET asyne def {BA]2RE X,
HA] el await. async for fl async with K@, XE4ERH PEP 492 5] A K.

CPython Python #ifiE = HHITESZI, #F python.org b % 7. "CPython” —ii] [ T b B4 I S B 5
S PLAG14n Jython B IronPython AH X jjl .

decorator -- 2E4MH%Y IR [ R — N EREUI R AL, EEMH ewrapper EVATE AR TREUS e . 20
#RE ILA F4JFE classmethod () fll staticmethod ().

AR U —FEIRNE, DA AR SR S Ese %

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

FUFEBLE WA T, R IFHGER . A7 XGRS T T 5L S S 000
.

descriptor -- ik 3y (FTEXT __get_ (),__set_ () B __delete_ () FERNL. B—1HKE
PRSI, EMEIRE E T S R A R il . EEIE T, B a.b SRR, BE
SMER— AN BT SHE a 2RI AR FRN b XS, (BUR b 22— R, WS TE XY
HTRR R T . BRI A o8 O &2 B IR 2 YR FRAR Python i 5658, [RUORIX B4 2 SRR A BL AT
GIERE. . @M. . ESEASOT IS | &S

A KBTI IR TS I35 descriptors.

dictionary -- ‘y 8t — N SEPELAL, HAP T B BEA ST B A Y A . BT DLRATATHA __hash__ () A0l
__eq__ () HYERXTSR. 7E Perl 155 H#1H hash.

dictionary comprehension -- “y2lLifi: 35X Ab A>T RGBT A B0 43 JT R I R B 45 R L —
MEESY, results = {n: n ** 2 for n in range (10) } HHH—1HEn F{E n **
2 BRSSP FL . Z: I, comprehensions
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dictionary view -- ‘FHLHLE M dict.keys (), dict.values () fl dict.items () 1R EIRIXTEYEFR A
FHAE . BN TFIZE DN EISHE, XERE L FHRSER, WEESHHN A, 2
R R s L Ao BOE RS 2%, WA 1ist (dictview) . 2/ dict-views.,

docstring -- SR AR (098, BB 2 ISR — D Rb U R A7 B P . EAE RS IAT
I 2m, (HoPRERT R BIF A FIESR . sREEREE) __doc__ @tk . T En TN
B PNAE PR R G SR PR LT (o

duck-typing -- 181289 J5—FPgafE KAS , BIFAMKEERE SR SR B0k e K2R/ A I\ D, m
T EEFA SR (CRERGN T, WEREGN T, IRaEERENT.”) BT
SRR O AR E 2R, B R RS AT A R 2 SRR T R G M. Y12 AR g0 (il )
type () B isinstance () ¥ill. ((HEEH NSRRI 0] DUEE A 46 508 % fERAb S, ) SR
Hl hasattr () KSZEAFP %ift.

EAFP KGR ICRIFRTER D) TESCHES . X Fh Python # F AU 2 B RS 2 M5 E T 75 1 Bt sl S A7
T, e E A RIS . DXFR S P KUAS 1 st @ Kz try Al except iB4]. T
AT 2 BT LBYL WA, 35 0T C FiF 2 HAhig & .

expression -- A A A PUK HEFAMERIBE I, Ha)igul, — PN ERBRERTTENFEEE. 4
R BT EEASEREOR LR, EARAH SR ME. S HMES AR, IFE
A G S AR R RR . EA R HER B statement , BN while, WREWEJE TiE4]
[IE|= 525

extension module -- JJEE DA C 5 C++ i S AUFE, f ] Python ) C API K 51E 540 DA AR
AT A2 H

f-string -- f-F4Fp VA £ B0 F BIR I EAT R I EE R e B AR S AR R T
RS, =0 PEP 498,

file object -- SCPEXF S X} AR LT 7] S APT DAMHF T2 HEIXN S (A read () 3 write () iXAE
) o ARIEHATE T XEAFE, SCERTG ] DAL B BLSE G #50F, X HA 2R AU 6, a2 Xt
@iﬂ?‘%é’ai)‘ﬂ"ﬂ (BlanbriEs A/t . WA IX . BT, SE%%). SUENSRMpRRh
;ECXT}— E‘ ‘/‘Iﬁo
SEPR AU Z R BRSO RS TR A = ) S, G =t SO AR R . AR E
SOAE o B, B SO SR HITE 5 U2 open () BRER

file-like object -- SLPEIRRXR file object [F)IF] LiF],

finder -- Ry —Fh 22l AR T AL loader IXTS

M Python 3.3 2 fFAE PP ALAY A R 8% T3k 12 & 4% il A sys.meta_path fififfl, PAKpath eniry
finders Bl & sys .path_hooks ffiff].

LT 5 0 PEP 302, PEP 420 1 PEP 451,

floor division -- [ FICIEBRIL [N 8 A BB BB BA BRI . ) N HCRBRARIZFAT2 // o B
an, k1L /7 A WTHESERE 2, TS 2@ S A EIERRTAR ] 2. 75 o HER (-11)
// 4 2R -3 FIRkGE -2.75 @ TR ARGBIEER . L PEP 238 .

function -- FREL T DAV I35 3R ]SS AMEL — 25 4] o i8] DA AL ABASE 2> 240 HFAE R BUA I T
i . 59 Wparameter, method 1 function 277,

function annotation -- FEchr: B EX B EE 280K [l {E i annotation .
PREFRYE I T £ 2042 7« FInpA T B Z A int SEOFHIER A4 int {H:

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

BRI E B I AR L function —77
5% variable annotation 1 PEP 484 %} W I GEHEIA .
__future__ —Fp i, FIRART DR R B S M AR AN AR B S R

WL FA __future  BEIBIFRFHARASERAE, VAT CAZR BRI UOIMAGE 5 LA S AT i
ILVSENN
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>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- L3[Rl FEHOR TR AT A A5 RIS #E . Python &340 5 | AR —A R ke
WANFTREAEER | B PR ER 3 RS R A TR I g o WTRAET T oo Aok fs il 3% [ i 8%
generator -- ZERREY R[] Ngenerator iterator AL, BB RARARGEE R, AHESHET HAHE yield
FERAPAE = E — R VAL for-TEFRAE H B2l next () BRELZE—IRHL.
W R TE A AR, EAEREEE S T T RE 248 AR B E R E . WERFEF LSS L, iF
it FH AR ARE G
generator iterator -- 2l K ESERES generator BB A EIINT A .
BAS yield SIGHFEHSFAEIE, CELHIA BRI TRS (BFE R B AR ry 1547]) . M4i% £
A 2SR BT, B NETFA B RS AT (X5 R IR T e 3 8 eR 4 22 5RO ) -
generator expression -- /B RIE R IR B —MERINFRIEX . EHEREMBGE IR EHHH E X
T— AR W for £A], PAS—DWHEN 1 F4). PURE RIS HINEREAE L
—ZRS{H:

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

generic function -- {Z W& Sy A [ ) 28 2 S B (] 45 1 14 22 A R 00T AL B e 8. 38 D I 2 o 9 2
SRR A R R B VR AN S B

YWiE 2 Wsingle dispatch RiEFESH . functools.singledispatch () #EMigsA K& PEP 443,
GIL Z:W.global interpreter lock .

global interpreter lock -- 2 Sy REST BT CPython fRRERR T R B —FOHLA], B W PR [A]— i 2 A — A2
RELEANAT Python byrecode, MALHITE T B EXT SRR ((14E dict SGEHEBNERA) HMIF LU
ka2 4x i T CPython SEBH. 2 BE MIRE R I B (S AR A 2 RIS AT BT 68, AR DU
PETAEZ AL PRES BT

AN, SRR P B =07 PR T R AR IR AR BT R TR AT VT SR 2R 55 G Hs 4 e A B RR
GIL. BtAh, fEHAT VO R B2 2R GIL.

Bl (PAREAS AR R Bl i)« B iR MRS MR, Fhixss
PP 10 FA AL PR AR O T RO PEBE o (5 ve R Ak BB ) i iR B AR AR S A %, AT
MEDAZEF .

hash-based pyc -- A& W37y i) pyc X5 IS U5 SO 4 e i (BT A S5 S 08 e g T A A ROvE i 7249 %
ZAF M. 2L pyc-invalidation.

hashable -- W[y — /N3 G2 e A (B R AE LR dy U N R B, il e A (BEfREEA
__hash__ () Jiik), FFAIDARFAMXS RIEFT I (ETRERA _ea O JiE). AIIGAXIGR AL
AEAT IR IS A (L U RR S5 SR A ]

]G A QA X SRRSO SR SR B I A BT, PR DAk S B A A A PRS0 s A fE

KL Python H AT AL P EXT QAR T A ¥ AIARA gy (BIAns)Rer i) FEORW A A
A gy (BIANTCLLAN frozenset) A4 EATIRTTR Y AT Wa A IR A2 TG A1 . 1P U2 <L
XRBINR AT ENTE BN — @& A HE (RS A C ), BRI ) A e 5
TEMNH id0) .

IDLE Python {J IDE, “£18JF K524 BB HIFEC4HE . J& Python ARt K AT At B B A G 25 A1
SRR SR R

immutable -- A~An[4 BAREEERXR . AR ROUFELCF . FAFERHICA . AR RARERAE .
BERIAAEHE— DA, AR B AR G . B AR S8 R A (L 7 A AR,
(RIS G bl
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import path -- S AW HZAME (B4 248 ) AR, SPREBpath based finder KA,
SFAH. EFAR, A EVREFKH sys.path, (XK ERUEATEER A FHEH
__path__ J@fk.

importing -- ‘$ A 4— M) Python AU AES 75— S A4 Python URS B 6 AL 7
importer -- A ZY AR MBRIPIRT G WXTRIEET finder g T loader

interactive -- 22 . Python i — N HAMRREAT, RIRAT DATERRRESS S /77 ot ATE ARk, SERp
PATHERELGIR . AFAWS LR python fiyd (W] DAEARI TS HLIF 46 35 B b e A0
PSRBT ) o FER LU B R BB A S i IR X A O NSRRI (FICA M help (x) ).

interpreted -- figFE%! Python —RMREALET, SZMMARHIFALET, SR I DO h T3y
b G e A T 2 AT TSR] o T R WR G YR SO T DA LR AT T A b 2 A 38 T AT SO i
Ao R INE T 0w B A R AE A RO AR R, HR AR TR g, &

Dinteractive,
L

interpreter shutdown -- fRREZTCPH 244 ZOR AT, Python MERERR-RAUE A —MEIRIZTTI BT 12 2B
BOTA M RCEIR, BIAELRAIAS T BN TG S5 . BEIE R Z WM A DI S o XA
S8 ST ER s 5 L R A ARG AT . R PR BET IS T RE I8 B A5 Fh s, P HT K
B PHRC AR R (F R B R L 45 ) -

fRREAR S SR I ERE A __main_ BUHREHRIE TIIA C 58 AT -

iterable - WIGRAIR AEGH IR P R BUTRORE S, I AM G0 B) T ELIEFFAFERI S (BT 14 st
str Al tuple) DARHESEARFFURABIAN dict, A % MURGE T _iter_ () Jiks2sis
T2 ENE __getitem () HEMAERE B E XA

AR T for PEFRLA K2 HAb T Z—DFFIRHTT (2ip O L map () ...)o 24— ]
BRXRIEASHAA RN ERE iter O B, BLRIEHZXIREEN . XFE QSN TXME
AR — MR . M ARE A S, AREEAF LR iter () B33 H CAPEARS
for WA MR A S AL BIARLEIRAE, B — IR B R fiy 44 248 1 HDORTETE R R R AF R S . &

Witerator, sequence VA Jtgenerator,

iterator - JXIRAF HORFR —HEAREIRMIAT S . ERIAERRN _next__ () ik (BURHEHEN
EREL next () FFERIEFR A, 24384 Bei ] FIRR5] % stopIteration Spi. FiX
IR PR RE I SRR, QRSB __next_ () IIEHASHRIRG|K StopIteration
Fa . EHARLAUEAT __iter_ () JPVAMPRIRENZIEACAR R A &, NIk A e 5 g alik
G, AT T HAD R GE R & . — D REMHIINSIRLE 22 R EL AN
Wi ARS . AR (I List) TEMRRRRIIHAAA iter () BREEGRTE for IR B
K7 ASHTIE AR . WERAE AR B0 R RS U 28 AR I 2 3R o] A 2 i 18 A A P e R (]
—IERENR, ARG DR

W25 B £ typeiter,

key function -- SR §H bR B PR B pR 40, 2 REE IR ] H T HE 7 lCHR LAY (B R0 PR X 5. i,
locale.strxfrm () A A MFEHFE KIRHET 20 E R HER i -

Python 7 7 2 TR AR Su v 1 68 sk B3Ok 2 il oo R HROZ 843 4107 20 H A dE min (), max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () DA
M itertools.groupby () .

AN MERECE 2. B, str.lower () AW AMEZBS R/ NG HEF R RS 5
Ab, BRI E L 1ambda FEARRkAE:, Bl lambda r: (r[0], r[2]). i~ operator
R T =AM R 2% attrgetter (). itemgetter () flmethodcaller (). IHEEH
TR — 5 DASRELBI 2 0 (50 FH B R 25 R B

keyword argument -- Yt 28 2 Wargument .

lambda i — A~ fexpression F UK AL NIRRT, RIS SAERHIIORE . 472 lambda R 40 F)7%

5 lambda [parameters]: expression

LBYL “Jofif JaBbiR” WSS . X AR 4 5 AUk S AESEA TR ] stk 2wl s A i fe 411
BERAE S EAFP J5 2AG O L, HoRp R KRN 1 184,
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LR, LBYL FX& S8 “&F7 M “BREK” Z R R4 K74 0. Bilan, AT
if key in mapping: return mappinglkey] W REH TIEREEAEZ 5 HABL AR mapping
IR T key T B . X ] STRTIE AN sl i EAFP Jy Ok fg b

list -- Fi|& Python WL —Flsequence, HIRA AN, (BE AT HADTE 5 H 9B i AEsERE 5155
AT TR RIS 4R O(1) .

list comprehension -~ BIFEHE S 4B FE 1 f 6 B A7 5843 76 2 4 I 4 S0 22 0 — B S 5 0
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] BHEK—
A0 2 255 JEFE TS EEREEOT AR (0x.) 3. Hodr if A ATIERY, QS gl
range (256) HHIFTAITTRA AL

loader -- MIERZY ATTMBBIRIXT Z . BUHE X4 Lload_module () W . MNERE T H—
Afinder I3[0, PRSI PEP 302, X} T-abstract base class i]Z: |, importlib.abc.Loader,

magic method -- AR Jjid: special method W)AEIE =R XA

mapping -- W5 —Ff SR R B A FIF 9B T Mapping B{ MutableMapping fifi 42 5 3 v it # &
HHERIERIT R, B2 T AFE dict, collections.defaultdict, collections.
OrderedDict PAM collections.Counter,

meta path finder -- JCEEFEEEIREY sys.meta_path B R IR B i) finder. JCES R 25 Spath entry
finders FEHE RPABFF AR

{EE importlib.abc.MetaPathFinder [ GBI ETITSLIAI T

metaclass -- JLH —FH TRIERME. K LOERL . RAMMERY| R, oRNTTHEZ FER=A
SHOTF OIS . R T A R RS S PRt BRIASE . Python WE 32 A0 75T
ATPABIE H E ouk. KEBsr H FOkIEA TR ZEX A TH, YRR INT, o2 nT 2 B m fumk
W 2. ENCHA Ok EEI HE . IR E e, REXT R, B, Ak
HAVF 24T 55
2% I, metaclasses.

method -- Jj ik TEFNERE LATeREL . WERAE AL LB — A BRI, 5 ke 2 SRS B 4
Ve N HEE—A argument GRHE 4N self). S W function Fnested scope,

method resolution order -- Ji i fRATIT 32 M I 5l 2 7 A R O3 i 8 2R AP BL 2 BT FH B9 S S I
WA Python 2.3 Jr i iy 1 f#H 2.3 HGE Python f#HT#% T FHAH & B KRR

module -- it XTSI Python fURSAY—FPLHLI AL, ASBIBBA MLy 25 A, A4 {15 Python
XtGe. MA@ L importing BAERNEKF] Python .,

5 Wpackage.

module spec -- BiJu bl — A ap 2 25w, HPhaE Tk X FAEE. & importlib.
machinery.ModuleSpec [SLH.

MRO = Lmethod resolution order ,
mutable -- W48 F[ASXF G A PAFE I 1d () PRIERDE R OL T MU . 5315 Wimmutable

named tuple -- L #54] Rif “HA 04" W TAEMA0K B Oed, I BRI TRG oG ae i 4
PRIBYEARDT BB . ARSI B SIA w] e A H AR

AR ERI R T A4 T4, 935 time . localtime () flos.stat () BB, B HITR

sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

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

Fe B4 e R EIEE (B0 FIREIB ) o teAh, B A L E X tuple 4k
I E XA RFB 7 AR, XFERRT AT TS, si& M T KA collections.
namedtuple () A, J5—F R SEMN-—LF T4 SN B H 4% T4 A AR AN 7 1
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namespace -- iy 4245 [1] iy 4 2 [AR S B IA T . 2 SEA TS 2 RFNER , AP iRE
A asa] (FETHEZ W)« fin s 23 (B L B 1k 24 i 28 ok SRtk . 54N, P4l builtins. open
5 os.open () A4 H W4 2SR K5y g 2 6] 3038 1 A IR S S BROIR A R 2Ok 35 B
?féf%ﬂiﬁ‘f‘f%ﬂTfﬁ?F@ BN, random.seed() f itertools.islice () XFhEHEIM T X
SEpRUE R random 5 itertools BIHLA HISEELN) .

namespace package -- iy 4242 M{L PEP 420 ir5| A f—M {0 FVE R A8 package , 1y 45 25 [ A0 A]
AR SRR, HAlid I X Sregular package ARl M EATRA __init__.py U,

FHAIZ Wmodule ,

nested scope -- ﬁ%ﬁffﬂi‘& TE—E SCGEENE | ARG ). BN, 7659 —EREZ WE R T DA
S HBIE A . W EREE B S XTS5 | A RO X AE TR SR As R e S AR 2 PR T
WZ1E . 2, é}%ﬁaﬂﬁli%’w?ﬁﬂﬂ?éﬁﬁﬁ% S[a]. #if nonlocal FEFH NFE
NINZAE IR

new-style class -- FiAF X T H i 9 T A B2 R B IHFRIE. 78 5550 Python it 4
H, A H KR @?ﬁ}ﬂ Python 3417 88 RIS 451, B0 __slots_ . IR, HRAEJE M.
__getattribute_ (). BHEMESHESE.

object -- X4 AT HAG RS ( Pl ) PAKTIE XAT R (i) M. object 2 AT new-style class
s U2 A

package -- {4, —Fj A& TR 58 T # AL S ALY Python module, MIER_EU, fEFA __path__
JE ) Python A5 .

Y52 W regular package Fnamespace package.

parameter -- JE£ funcrion (B)77E) @& PSR, B E MBI AEEZ 10— A argument  (B7EHE
PR, 24 %) . AHMES:

* positional-or-keyword : (i BB IR T, H#HE—NATDMERN 1L F A3 AN DA X 525 S
EAES . X REOARIES LI, BIAITRIRI) foo Fl bar:

’def func (foo, bar=None): ... ‘

* positional-only: {USROZE, F5E—HAEEWL A EEARNSE. WROETES L@ TE R BUE
MBS FRPENZIGEE A / FRPRESL, BN posonlyl Fl posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

o keyword-only: {UFRICHETF, FgaE— " HABE T XA AN SE, UREBFIES @S
PRECE LIS AN F P& AT AN B S ETEZ N A EES 2 ii—1 * ke X,
BIANT T kw_onlyl £ kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

* var-positional: WS E, 5 AT AR BE I — MERBCR AL E S B R TA (TEHA
WSO EZNESHZIE). EMESEESTERSAFRHIINE * kE X, BT args:

’def func(*args, **kwargs): ... ‘

* var-keyword: WZZ KGR, $55E A MR IUE R AR B R TSR (e HAE S E 2 m X
BYSHLIG). RFES Tl S AETINER ** RE S, BIAERER kwargs.

e nl DA 45 R PTEMIAE S AL, th ] DA R e T e SR e BRI

W5 Wargument RKEFRFH . SRS ESHX B HHIE ILE S, inspect .Parameter 2¢, function
“35 L J% PEP 362.

path entry -- Y42 A 1 import path W R— NEAJALE, SWipath based finder [ B FHTE T AN,

path entry finder -- JRIEA D AAREY T — 0]V XT % H sys.path_hooks (Ripath entry hook) i |nl
W finder , BEFRXT G REIH 1 path entry 2 g AR o

iE &% importlib.abc.PathEntryFinder PA TR A LB IR ZS I SE I STV
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path entry hook -- J&AE A V81 —Fpal P8 XTS5, 6 R0 Qe & 3R e parh entry W BLH 1 500 fiE
(i [f] sys.path_hook ¥ FER[E]—" path entry finder.

path based finder -- 3£ T IRAERGAL RS EROAR—Fh U382 & 3855, AIFE— A import paih WP FRAR L,

path-like object -- BEFERX R RE DU REBR AR RIEEX R AR N RREEN str
B bytes XE, B[ PAE—NEH T os.PathLike PPN HE . — 1L FH os.PathLike
X ZLEE T os. fspath () RN str 80H bytes KR RGEIEE; os.
fsdecode () fll os.fsencode () FIH 5 EHILRIRAS str 8¢ bytes FEBIPLEE. HATHR 2
i PEP 519 5| A,

PEP “Python ¥R 1" WIS A5 . — > PEP g2 rBeit SCr, FIoK [ Python 1 IKERAE S, oiifil
PR~ Python [ 4RI M Hlt BE B3R HE . PEP [ 24 B AHORS f  52 AR RS BT SR SR 1) T 33
N
PEP MM R4 SRR s WA XU 1) RS A5 DA B e A Python FIBET U5
'S SCRI EIEDLE] . PEP IAEE A SRR I ITRE SR, RS R B ARIC A SR

%10, PEP 1,

portion - {4y 4R 25 (B AR A H SR N SCHEE S (AT REAEICT —A> zip SCE) . Bk X
i, PEP 420,

positional argument -- i & 54 % Wargument .,

provisional API -- #75¢ API 5 AP 23545 A7 B HERTEARIHE 2 (1) 1) J e M ORAIEZ A . Sz 11
IR DA N S A BORUUE , (HHBEHGRC R &, SnT BB O I 8 1 8 A 2
T T IAT I EARA S (L RAFEBRRIED) . WA EOF A LM IT - (UfE APT g
N R TEH ™ H BE A PR B B R B A 0] BE 23 ik B
BIEE 2 X APLRUL, 15 NI E Bl SR mfd 587 — A A B i A
FR LR e el B —Fh ] S A AR T %
IXFP AL TR AR SRV AR PERP AN IE, N 2= TR0 R KA BT BB B IR . T4 I PEP
411,

provisional package -- 5 {0 Z: Wlprovisional API,

Python 3000 Python 3.x %l MMERR (X4 FHERAS 3 i R b @ LI S L 1)« A
AR SN “Py3k”.

Pythonic $&— /> 1% 5 — By At S S 855845 T Python 153 i35 9 KA AN 24, T AS 2 ) HfiE =
T AOAE & Sk SE A . BT, Python Y8 ) KU S2 8 ] £or 1B IBFR 34 J— > n] A%t 4
HIFTA ICE . 2 HAMIE S A XA Z5H, R A 2GR Python il A A If & 3% ] — BT
B

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

TR I A B 575 B Pythonic (77 4k X FERY:

for piece in food:
print (piece)

qualified name -- g #88 — DMPASUS RO AFR,  WoR MBI 4 J5 1 3 iz e SO SEAS 26
PREREC VR “BEARY, M OE LWL PEP 3155, X T 2RI E 2, BRE AR SX SR 24 F5—
2

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname_
) C ]

(N gkze)
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(8L 7))
>>> C.D.__qgualname___
'C.D'
>>> C.D.meth. qgualname_
'C.D.meth'’

295 T 5 AR, 7 IR E & AR B AR /N IZBR B A S B B B A, HOh s S A
AL, Ul email .mime . text:

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

reference count -- 5% X EX L5 HIOEGE . 24— DR P5] HIHEE AR, e B 53
BRI . 51T Python AR SR ULEE AW LAY, HE RCPython SEIR—A~X4ITE . sys
WHE LT —A> getrefcount () BEEL, B 51 vV F B R MIBR @ X4 /5 | AL

regular package -- WAL £S5 A Wpackage, BIIMLEH —A __init__ .py XM H .
%2 Wnamespace package.

_slots__ —FEFEIE AR, il TEFE W SO R A SR GO RS RS Bl P B AT A . AR
BIARGAT, (BB AR, SRl AR DRCE OL TR, BIAIRAE A7 10 I A
Fe, HHH AP ERKELS).

sequence -- J§- 4l —Ffiterable, B FRELT __getitem () FREEERM B RS HT RN TR
Pilal, HEXT—MREFAKER _ len_ () F¥E. WERKFHEAHA 1list, str. tuple
M bytes, HEEA dict 3 HF __getitem_ () Ml_len_ (), (HEHINNETMEMIEF
B, A e AR EHE AT R A immutable S8 1T EEEEL

collections.abc.Sequence MR REEN T —ITEEEWELD, BYff __getitem__ ()
_len_ () ZANNIINT count (), index (), __contains__ () fl __reversed_ (). ZEZH
P R ORI DASE ] register () SREAIIEN

set comprehension -- 2 A4S A A0 PE— ANV EA X S T A B0 TR IR M S5 R A —Fh Sk

By, results = {c for c in 'abracadabra' if c not in 'abc'} JFENFELEELE
A {'r', 'd'}. £ comprehensions.

single dispatch -- ¥i5pk —Fhgeneric function 73JRIL, HLHE BT A SR BOREREN -

slice -- YIJ M H HALE T HFEsequence B—H 0% . Y& @ 6H Fhrdsic keI d, 7 11 P
BN AE S EIECT, Bl variable_name[1:3:5]. F362 (FhR) WnicdE N3
slice X%,

special method -- ¥§5k Jj ik —Fihi Python FaaC HI R T7IA, R BN R ALAT R i B/ B A in <5
. XFHVERZTRRIE BECAN T RIZ. Bk vARISCRY 2 specialnames

statement -- if4y EAEFETEL (— MU ) BIHBURAL . —AB R AT DA — A expression BHEANHT
HREFHEEH, filin if, while 5 for.

text encoding - SCRSIRS i T4 Unicode /4F 28y 515 ER 055425

text file -- SOKSCPF —FHBERS S str X G file object s T8 H — A SCA SO 5 b i 1 o) — T8I ) 777
K B Ak Bllext encoding. SUAR SRR BT 4H ASCAKE (rev 8 1w ) FTIFRISCHE.

sys.stdin. sys.stdout VA io.StringIO HSEMI.
TS Fbinary file T RREVS IS F 9 £ 3 2 XX S .

triple-quoted string -- = 5|'5 fFl 1 RAW SAELNE S (7)) ERES () WERFE. BIEY
e L SRS H I SRR A AR R, HEG2Z2MMHL. BN iREFA R N
PR S FRE SR 5, I BT DS 2 A 71 O 0 F AT, FE 'S SO AP e R 1 4
Mo

type -- JaHY SEAUYLE —A> Python X[ R J& TAHAMIE: WK EEA M. BRHEXTRZERL, 7]
PAVIFIER) __class__ @k, 8l type (obj) HHKHL.
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type alias -- R4, —NRAUAG R S, B 2B 2R AURE 454 E AR IRAT .
R E R 2L R 2 42 = . il

from typing import List, Tuple

def remove_gray_shades (
colors: List[Tuple[int, int, int]]) —-> List[Tuplelint, int, int]]:
pass

A DA G Ry Al e

from typing import List, Tuple

Color = Tuple[int, int, int]
def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass

Z L typing fll PEP 484, H oAyt Lo R LR fil 4 .
type hint -- SRR annotation FAS R FJEIE . BRETE S BOR I 1 E UYL

RABORIE T A, Python AZORFEHE, (HHATDESIA AT TR, 7AiM IDE s
Rt SE.

&R FRIEMEM R B R BRI DA typing.get_type_hints () i, {HREHAE
BN,

ZIL typing fll PEP 484, H A Xt eI RERYTEAR 4 o

universal newlines -- jli HI##t47 — M SO 2, KA R BT RS8R AN T4 AR - Unix 17
S5RZ5E " \n' . Windows [ ' \r\n"' PLIIHA Macintosh [ 27 '\x'. £ PEP 278 il PEP
3116 fl bytes.splitlines () THEHEZ HEVH.

variable annotation -- bR AR E B IS B M annotation.,
AR AR B RSB PR, A AT Bk R A

class C:
field: 'annotation'

SRRl PO R 23w BIANA N AR B int JERAY(H:

count: int = 0
AR B BRI VE YR B RN AR W, annassign — 7
%% function annotation, PEP 484 1 PEP 526, H 3} LT EEA R4k

virtual environment -- MESIRBE — Bl R A VMR B RISATINERET,  FLiF Python [ R AR A5 245
FIITE Python 73 K AL A2 THF] 7] — R 58 izATHY HAD Python B HIARF 19T .

FHZL venv,

virtual machine -- JEIHL — & 56 WAL AF 2 T E AL, Python KA AT $HAT S5 g 1354 T A5 B
H)bytecode.

Zen of Python -- Python Z#fi 51|} Python ¥ Ay RN 53724, A B TH#S 4 X fiE S . &F A
WA ATTERZ B R AT i A”import this”,
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APPENDIX B

i AA

XL SRR Sphinx M reStructured Text JEA4 i1, Sphinx &—/~% M ALFE Python SCRYT 48 5 11 SCRY A I,
o

AT REEZ I ), WAETEIEE 2557, A3 Python A8 o AR AR BUf i TTmk, 5 P
reporting-bugs AFANAIZ 5 . FRATHEWUH o) G R |

RSN :
* Fred L. Drake, Jr., J5iffy Python SUR T HAEZ Q5% , ARZSURZ AR
e Docutils N H , %W HZ*& T reStructuredText & Docutils &4 ;
e Fredrik Lundh {35 H Alternative Python Reference, Sphinx M H153| TR Z AN H) S T

B.1 Python {44 SifkE

AARZ X} Python 157, Python 5 Al Python SUHAT TRk, [ Python JRACAS B Afi) Misc/ACKS 3¢
PFAIH T3 Tk -

it i Python IR ¥k AFNTTHK, Python Ay 7 A i € i OB ——HHAHMRAT!
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appeENDIX C

7 S F0iFATE

C.1 ZHHFrIm s

Python Hfif 22 $E M EAHLR 58244 (CWI, i, https://www.cwi.nl/ ) [#J Guido van Rossum - 1990 4f
KW, YER—T 1M ABC G & R . 48 Python 405 T2 ok B HA A 5Tk, Guido {752
HEZEE.

1995 4, Guido ¥& #:25 e W B E KB wFsE 2 7 (CNRI, I https://www.cnri.reston.va.us/ ) k%2 fhyE
Python b1 TAE, FHHEARHE LA T2 A

2000 4E 1. H , Guido A1 Python #%.0>J & ] A %% %] BeOpen.com {2 ## T BeOpen PythonLabs [#{BA . [A]4F
+ A, PythonLabs [#] pA\ %% | Digital Creations (¥{ >}y Zope Corporation; [, https://www.zope.org/), 2001 4|
Python # {34 2% (PSF, Ul https://www.python.org/psf/) B, % &% R34 Python AH & H1TH AT
Az dEE FlZH4E . Zope Corporation FFE 2 PSF Rl L5

A 1 Python HUAHRIETFIRRY (A KITYRAY E L2 https://opensource.org/ ) Pt b, #iKZ %L Python
JiiAJE GPL 31 TREL TR MRAE I

RWAE | BB Fh mEE GPL %% 7
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF =
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2
22 GEE | 201 2001 %4 | PSF =y

{Efit: GPL A A EWRE Python #£ GPL R &1 . 5 GPL AJA|, Frf Python ¥ nJEAR SRR A4 K AG R
JaBIIAS, T TR IR T R . GPL )V n]E 45 Python W PAS H B e GPL R A& ff YAk 45
EER; B HENATT.
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AR ZAE Guido 153 T TARRISNIEIERE , (XL A N AT RE .

C.2 FRERS( LAH &M Python B)RmF0F M

Python AT SCRS ) V7 RT R AR PSF 38 #T 12 703

M Python 3.8.6 7y, SURHHFAYZRBI . A5 SAIHARACAS R 2 PSF ¥ AT PSR 4 2k BSD 76T 1)
XUEE 0T

H2e0 &7 Python FRAR @ BT AR VIR . XEEVFal S S5 MVFI]Z TR —FFH . A Kk
VFATHYAS S8 BB A5 S B T4k b 0475 7T 575 35

C.2.1 HF PYTHON 3.8.13 4 PSF o] {ipil

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.8.13 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.8.13 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2022 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.8.13 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—~to Python
3.8.13.

4. PSF is making Python 3.8.13 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY..
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR..
—THAT THE

USE OF PYTHON 3.8.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.13
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.13, OR ANY.
—~DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. .
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—or any

third party.

8. By copying, installing or otherwise using Python 3.8.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FHF PYTHON 2.0 gy BEOPEN.COM o] {ipiX
BEOPEN PYTHON FFJi4 A M3 &5 1 i)

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions

(R
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(£ L£50)

granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 FF PYTHON 1.6.1 g5 CNRI ¥#F o] tipil

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark

(N oiaRs:)
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sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 FF PYTHON 0.9.0 E 1.2 5 CWI ¥ a]Hpix

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.8.13 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 WrREkfFa91F o] S5 35

A58 Python Z A7 SR I 50 =7 FPFRVF TIOR8, %0 B AN se B BRI R 19
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C.3.1 Mersenne Twister

_random B ET hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html "~ 2 /)

. AT REMA AR e B (750):

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C3.2 EfEx

socket B (fi ] getaddrinfo () fl getnameinfo () PREL, XL AL ¥E WIDE I H
/Iwww.wide.ad.jp/) R EESE SC R,

(http:

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright

(FgkzE)
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notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.
3. Neither the name of the project nor the names of its contributors

may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.33 RLEEFIRS

asynchat fll asyncore fHE & A R EH:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 Cookie &1

http.cookies FizRal4 DA H:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software
and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity
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pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 HiTERR

trace BHALE AT A

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode 5 UUdecode F#k

uu AL DA R

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.

(CFgkzs)
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LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML & i 2=EAH

xmlrpc.client fEHEE DA FHEH:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll MR F AT AEI:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
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the following conditions:

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BERIKT kqueue [ AL AR FHEIH:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c {47 Marek Majkowski’ %] Dan Bernstein [} SipHash24 2 ¥ERISEH . EREPAT
—=
FEH:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in

Q)

238 Appendix C. [ 58 #1iF B[ iE




The Python/C API, % 3.8.13

all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #1 dtoa

Python/dtoa.c XML T CIEF MY dtoa Fil strtod pREL, HIT-KF C 1B F WP BRI FAF R 1 TG
iy David M. Gay 19 [q) 4% SCEFIRAETNSE, %0424 5 m] M http://www.netlib.org/fp/ F#%. 2009 4F 3 H 16 H
For 2R 3 1 J 1 SO B AR BSOBCRIA W] e B

/‘k*‘k*‘k*‘k*********‘k*‘k***********‘k*********************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

* % o

***************************************************************/

C.3.12 OpenSSL

WARBAERG WA, W hashlib, posix, ssl, crypt Bl ] OpenSSL ke mibEfg. Bboh, EHT
Python [1Y) Windows Fl Mac OS X 424 #%2 )7 1] AE {U3% OpenSSL FER#5 D1, B AYE AL A i T OpenSSL
AER S DL

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

/*
* Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

*

)

C.3. WrRHRHaYiF =] 508 239




The Python/C API, % 3.8.13

o R e R N S S N S N S N N S S i A S N S N S S S S S S S S S N S S S A

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

* % ok X % ok %

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

Q)
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This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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C.3.13 expat

BRIEBEN ——with-system—expat BB THE, T pyexpat AR M5 expat YR DG

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

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

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

C.3.14 libffi

BRAEGE ——with-system-1ibffi U THH, I _ctypes ¥ ARt Libffi JAHE DM T

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

R ARG EAR B 21ib BAKIFTFE kN TH 8, W 5 2lib SRR DR 2110 3 &:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

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

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

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

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

C.3.16 cfuhash

tracemalloc {§i MW Z M S L AL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

(N gksr)

C.3. WrRHRHaYiF =] 508 243




The Python/C API, % 3.8.13

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

AR ——with-system—libmpdec Bl E THZEE, &N _decimal FEHERE F A4S libmpdec JE H#2
DUAS R

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N X EH

test f (lib/test/xmltestdata/c14n-20/) H1f{) C14N2.0 X E 2k P+ W3C B https://www.w3.org/TR/
xml-c14n2-testcases/ , HAR$E BSD ¥ A[IF (=42M) %47:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang), All Rights Reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided
that the following conditions are met:

¢ Redistributions of works must retain the original copyright notice, this list of conditions and the
following disclaimer.

* Redistributions in binary form must reproduce the original copyright notice, this list of condi-
tions and the following disclaimer in the documentation and/or other materials provided with the
distribution.

 Neither the name of the W3C nor the names of its contributors may be used to endorse or promote
products derived from this work without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
”AS 1S” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTIC-
ULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
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CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EX-
EMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PRO-
CUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABIL-
ITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE
OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF
ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3. Wi YT ol 5053 245



The Python/C API, % 3.8.13

246 Appendix C. FseF0iFaiE



APPENDIX D

RRILER B

Python 53 SCHY:

Copyright © 2001-2022 Python Software Foundation. All rights reserved.

AT A © 2000 BeOpen.com., B FIr A AUA] o

AL © 1995-2000 Corporation for National Research Initiatives., {585 BTG AU .
WAL © 1991-1995 Stichting Mathematisch Centrum., {483 BTG AU

A RSEBM VALV, 200 L AeF Tk,

247



The Python/C API, % 3.8.13

248 Appendix D. R#UFRHE



5

EFE

..., 215

2to3,215

>>> 215

__all__ (package variable), 40
__dict__ (module attribute), 114
__doc__ (module attribute), 114
_ file_  (module attribute), 114
_ future_ , 218

__import_

[ & & %, 40
__ loader__ (module attribute), 114
__main___

M, 11,134, 143

__name___ (module attribute), 114

__package__ (module attribute), 114

_ _slots_ ,224

_frozen (C (&), 42

_inittab (C %), 43

_Py_c_diff (C &), 80

_Py_c_neg (C F##), 80

_Py_c_pow (C FH#%), 80

_Py_c_prod (C &), 80

_Py_c_quot (C &%), 80

_Py_c_sum (C H4%), 80

_Py_InitializeMain (C &%), 162

_Py_NoneStruct (C £ %), 173

_Py_TPFLAGS_HAVE_VECTORCALL ([E] & & &),
192

_PyBytes_Resize (C H#%), 82

_PyCFunctionFast (C £7A), 175

_PyCFunctionFastWithKeywords (C % #),
175

_PyImport_Fini (C &%), 42

_PyImport_Init (C &%), 42

_PyObject_FastCallDict (C &4%), 59

_PyObject_New (C &%), 173

_PyObject_NewVar (C &%), 173

_PyObject_Vectorcall (C &%), 58

_PyTuple_Resize (C FH k), 103

_thread

R, 140
HHEE

exec_prefix, 4

PATH, 11

prefix, 4

PYTHON*, 132
PYTHONCOERCECLOCALE, 160
PYTHONDEBUG, 132
PYTHONDONTWRITEBYTECODE, 132
PYTHONDUMPREF'S, 184
PYTHONHASHSEED, 132
PYTHONHOME, 11, 132, 137, 156
PYTHONINSPECT, 133
PYTHONIOENCODING, 135
PYTHONLEGACYWINDOWSFSENCODING, 133
PYTHONLEGACYWINDOWSSTDIO, 133
PYTHONMALLOC, 166, 168, 170
PYTHONMALLOCSTATS, 166
PYTHONNOUSERSITE, 133
PYTHONOPTIMIZE, 133
PYTHONPATH, 11, 132, 156
PYTHONUNBUFFERED, 133
PYTHONUTFS, 160
PYTHONVERBOSE, 133

A

abort (), 39

abs
[F1E % %, 61

abstract base class —— £ A%, 215
allocfunc (C £(#), 206

annotation —-- AFi, 215

argument -- H#, 215

argv (in module sys), 137

ascii
[EE & %, 56
asynchronous context manager —-- 7 %}’
L+ XA, 216
asynchronous generator —--— & ¥ 4 ik £,
216
asynchronous generator iterator -- =

& A kR R, 216
asynchronous iterable —-- & ¥ 7 # & x¢
%,216
asynchronous
attribute --

iterator —- RFHEMKE, 216
JE &, 216
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awaitable -- T 444,216
B

BDFIL, 216
binary file -- Z3#|CH, 216
binaryfunc (C £%&), 207
buffer interface
(see buffer protocol), 66
buffer object
(see buffer protocol), 66
buffer protocol, 66
builtins
M 11, 134, 143
bytearray
x4, 83
bytecode —-- F ¥, 216
bytes
& &%, 57
Xt 4, 81
bytes-like object —-- FH¥E £, 216

C

callback -- [, 216
calloc (), 165
Capsule

T4, 123
C-contiguous, 68,217
class —— 2,216
class variable —-- X4 &, 216
classmethod

[EE &%, 176
cleanup functions, 39
close () (in module os), 144
CO_FUTURE_DIVISION (C % &), 19
code object, 112
coercion —- | KA H ¥, 217
compile

B E &%, 41
complex number

Xt £, 80
complex number —-- £ #%,217
context manager —— L+ TFX&HEE, 217
context variable —-- FTFXZ#&,217
contiguous, 68
contiguous -- #4217
copyright (in module sys), 136
coroutine -- Mg, 217
coroutine function -- WHHEE K, 217
CPython, 217
create_module (C FH4), 117

D

decorator -- E# 217
descrgetfunc (C (%), 207
descriptor -- k%, 217
descrset func (C £4), 207
destructor (C £A), 206
dictionary

%, 106
dictionary —- ?;ﬁi,217
dictionary comprehension —- FHIESRK,
217
dictionary view —- FHALE, 218
divmod
B & & %, 60

docstring —- XHEFEHFE, 218
duck-typing —- KA 218

E

EAFP, 218

EOFError (built-in exception), 113
exc_info () (in module sys), 9
exec_module (C F%k), 117
exec_prefix, 4

executable (in module sys), 136

exit (), 39

expression —-- Rk, 218
extension module -- ¥ B, 218

F
f-string -- f-F4&,218
file
£,113
file object —- Xfxf%,218
file-like object -- XHEX%,218
finder —— &4, 218
float
& & %, 62
floating point
X, 79
floor division -- i FEER %, 218
Fortran contiguous, 68,217
free (), 165
freefunc (C £#), 206
freeze utility,42
frozenset
T4, 108
function
£, 110
function -- E#, 218
function annotation -- FEARE, 218

G

garbage collection -- Hrd%[E ik, 219
generator, 219
generator —— 4 &£, 219

generator expression,219

generator expression —- 4 i 8 X &% =&,

219

generator iterator —-- A R#H%RE, 219

generic function -- & A& F#, 219
getattrfunc (C £ &), 207
getattrofunc (C £#&), 207
getbufferproc (C £#&), 207
getiterfunc (C £A), 207

GIL, 219
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global interpreter lock, 138

global interpreter lock —- 4 F i B #
4, 219
hash

[EE % %, 59, 188
hash-based pyc —- %‘T"’é\%é’ﬂ pyc, 219
hashable -- ¥, 219
hashfunc (C £7), 207

IDLE, 219

immutable —-- AT 7%, 219
import path -- $ A%, 220
importer —-- £, 220
importing —— § A, 220
incr_item(),9, 10

initproc (C £7A), 206
inquiry (C £A), 211
instancemethod

x4, 111
[EE & %, 62

integer

X £, 76
interactive
interpreted
interpreter
interpreter

int

. XE,220

-— MREA, 220

lock, 138

shutdown —-- @& %[, 220
iterable —— F#RX £, 220

iterator —— # R, 220

iternextfunc (C £74), 207

K

key function -- # &%, 220
KeyboardInterrupt (built-in exception), 28
keyword argument —- X#EFHH, 220

L

lambda, 220
LBYL, 220
len
FIE &%, 59, 63, 64, 105, 107, 109
lenfunc (C (%), 207
list
T4, 104
list —- %%, 221
list comprehension -- %|X#tHR, 221
loader —-— fn##, 221
lock, interpreter, 138
long integer
Xt %, 76

LONG_MAX, 77

M
magic
method, 221

magic method —-- JEAR ¥k, 221
main (), 135, 137
malloc (), 165
mapping

%, 106
mapping —- B4, 221
memoryview

wt %, 121
meta path finder -- TLERZEHHE, 221
metaclass -- J.%,221
METH_CLASS (B % #), 176
METH_COEXIST (EJE % %), 176
METH_FASTCALL (B %), 175
METH_NOARGS ([E|E % ), 176
METH_O (EHE %), 176
METH_STATIC (B1E %), 176
METH_VARARGS (% % %), 175
method

magic, 221

special, 224

4, 111
method —-- ¥, 221
method resolution order —- % 3 & #f T

7,221

MethodType (in module types), 110, 111
module

search path, 11, 134, 136

%, 114
module -— #k, 221
module spec —- HE S A, 221
modules (in module sys), 40, 134
ModuleType (in module types), 114
MRO, 221
mutable —— # 74,221

N

named tuple —- B 44,221
namespace —— W4 %, 222
namespace package -- 4% % [E4, 222
nested scope —- ?ﬁ%f/}?}ﬂﬁﬁ, 222
new-style class -- #a 2,222
newfunc (C £%), 206
None

Xt £, 76

numeric

£, 76
@)

object

code, 112
object —— Xt%,222
objobjargproc (C £7A), 207
objobiproc (C £A), 207
OverflowError (built-in exception), 77, 78

P

package -— 4,222
package variable

gL ]
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_all_ ,40
parameter —- W%, 222
PATH, 11

path
module search, 11, 134, 136
path (in module sys), 11, 134, 136

path based finder —— £ T & 7% t) & & &,
223

path entry —-- BEHEANH,222

path entry finder —- B&AN D& H, 222

path entry hook -- BN 04 F, 223

path-like object —- KZEEX%,223
PEP, 223
platform (in module sys), 136

portion —-- 4,223
positional argument —— L& 5 ¥, 223
pow

B & &%, 61, 62
prefix, 4
provisional API -- ¥ % API, 223
provisional package -- # FA,223

Py _ABS (CR), 4
Py_AddPendingCall (C &), 145
Py_AddPendingCall (), 145
Py_AtExit (C F#k), 39
Py_BEGIN_ALLOW_THREADS, 138
Py_BEGIN_ALLOW_THREADS (C 7"7:), 141
Py_BLOCK_THREADS (C frZ), 141
Py_buffer (C £%), 66

Py _buffer.buf (C & i), 66
Py_buffer.format (C & i), 67
Py_buffer.internal (Cm R), 68
Py_buffer.itemsize (C s i), 67
Py_buffer.len (C & i), 67
Py_buffer.ndim (C & i), 67

Py _buffer.obj (C & i), 66
Py_buffer.readonly (C &1 ), 67
Py_buffer.shape (C & 11), 67
Py_buffer.strides (Cm 1), 67
Py_buffer.suboffsets (C & i), 67
Py_Buildvalue (C &#), 49
Py_BytesMain (C ##%), 15
Py_BytesWarningFlag (C &), 132
Py_CHARMASK (C %), 4

Py_CLEAR (C %), 21
Py_CompileString (C &%), 17
Py_CompileString (), 18,19
Py_CompileStringExFlags (C #4%), 18
Py_CompileStringFlags (C &%), 18
Py_CompileStringObject (C H%k), 18
Py_complex (C £A), 80
Py_DebugFlag (C £ &), 132
Py_DecodeLocale (C &%), 36
Py_DECREF (C #4%), 21

Py_DECREF (), 6

Py_DEPRECATED (C &), 5
Py_DontWriteBytecodeFlag (C % &), 132
Py_Ellipsis (C & &), 121

Py_EncodeLocale (C &%), 37
Py_END_ALLOW_THREADS, 138
Py_END_ALLOW_THREADS (o 5’[:), 141
Py_EndInterpreter (C &#), 144
Py_EnterRecursiveCall (C H4%), 31
Py_eval_input (C &%), 18
Py_Exit (C &%), 39
Py_ExitStatusException (C FHk), 151
Py_False (CE¥),79
Py_FatalError (C &%), 39
Py_FatalError (), 137
Py_FdIsInteractive (C %), 35
Py_file_input (CE &), 18
Py_Finalize (C &%), 134
Py_FinalizeEx (C &%), 134
Py_FinalizeEx (), 39, 134, 144
Py_FrozenFlag (C &%), 132
Py_GetBuildInfo (C FH#k), 137
Py_GetCompiler (C ##k), 136
Py_GetCopyright (C H#k), 136
Py_GETENV (C %), 4
Py_GetExecPrefix (C FH4k), 135
Py_GetExecPrefix (), 11
Py_GetPath (C &%), 136
Py_GetPath (), 11,135, 136
Py_GetPlatform (C FH#k), 136
Py_GetPrefix (C &%), 135
Py_GetPrefix (), 11
Py_GetProgramFullPath (C &%), 136
Py_GetProgramFullPath (), 11
Py_GetProgramName (C &%), 135
Py_GetPythonHome (C % #k), 137
Py_GetVersion (C &%), 136
Py_HashRandomizationFlag (C &%), 132
Py_IgnoreEnvironmentFlag (C &%), 132
Py_INCREF (C & %%), 21
Py_INCREF (), 06
Py_Initialize (C &%), 134
Py_Initialize (), 11,135,144
Py_InitializeEx (C &), 134
Py_InitializeFromConfig (C &#), 158
Py_InspectFlag (C & &), 132
Py_InteractiveFlag (C &%), 133
Py_IsInitialized (C &%), 134
Py_TIsInitialized(), 11
Py_IsolatedFlag (C &%), 133
Py_LeaveRecursiveCall (C &%), 31
Py_LegacyWindowsFSEncodingFlag (C & &),
133
Py_LegacyWindowsStdioFlag (C & &), 133
Py_Main (C #4%), 15
Py_MAX (C %), 4
Py_MEMBER_SIZE (C %), 4
Py_MIN(C %), 4
Py_mod_create (C %), 117
Py_mod_exec (C %), 117
Py_NewInterpreter (C &#k), 143
Py_None (C &%), 76
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Py_NoSiteFlag (C &%), 1'53

Py_NotImplemented (C & %), 55

Py_NoUserSiteDirectory (C T &), 133

Py_OptimizeFlag (C E &), 133

Py_PreInitialize (C &%), 153

Py_PreInitializeFromArgs (C &%), 153

Py_PrelnitializeFromBytesArgs (C & %),
153

Py_PRINT_RAW, 114

Py_QuietFlag (C % &), 133

Py_REFCNT (C %), 174

Py_ReprEnter (C $k), 31

Py_ReprLeave (C % %), 31

Py_RETURN_FALSE (C %), 79

Py_RETURN_NONE (C %), 76

Py_RETURN_NOTIMPLEMENTED (C %), 55

Py_RETURN_RICHCOMPARE (C %), 194

Py_RETURN_TRUE (C %), 79

Py_RunMain (C F%%), 162

Py_SetPath (C H%k), 136

Py_SetPath (), 136

Py_SetProgramName (C &%), 135

Py_SetProgramName (), 11, 134136

Py_SetPythonHome (C &), 137

Py_SetStandardStreamEncoding (C & %),
135

Py_single_input (C £ &), 19

Py_SIZE (C %), 174

PY_SSIZE_T_MAX, 78

Py_STRINGIFY (C %), 4

Py_TPFLAGS_BASE_EXC_SUBCLASS (B & % &),
191

Py_TPFLAGS_BASETYPE (HE T 8), 190

Py_TPFLAGS_BYTES_SUBCLASS (H]E T %), 191

Py_TPFLAGS_DEFAULT (F % %), 191

Py_TPFLAGS_DICT_SUBCLASS (EI% %), 191

Py_TPFLAGS_HAVE_FINALIZE (HE % %), 192

Py_TPFLAGS_HAVE_GC (F £ T %), 191

Py_TPFLAGS_HEAPTYPE ((F1E % ), 190

Py_TPFLAGS_LIST_SUBCLASS (H]E &%), 191

Py_TPFLAGS_LONG_SUBCLASS (& % %), 191

Py_ UnbufferedStdloFlag(
Py_UNICODE (C £7A), 84
Py_UNICODE_IS_HIGH SURROGATE(C
Py_UNICODE_IS_LOW_SURROGATE (C &
Py_UNICODE_IS_SURROGATE (C %), 87
Py_UNICODE_ISALNUM (C #4%), 87
Py_UNICODE_ISALPHA (C &%), 87
Py_UNICODE_ISDECIMAL (C %%%), 86
Py_UNICODE_ISDIGIT (C #%%), 86
Py_UNICODE_ISLINEBREAK (C #%%), 86
Py_UNICODE_ISLOWER (C F#%), 86
Py_UNICODE_ISNUMERIC (C #4%), 86
Py_UNICODE_ISPRINTABLE (C %#%), 87
Py_UNICODE_ISSPACE (C %%%), 86
Py_UNICODE_ISTITLE (C %%%), 86
Py_UNICODE_ISUPPER (C &%), 86
Py_UNICODE_JOIN_SURROGATES (C %), 87
Py_UNICODE_TODECIMAL (C &%), 87
Py_UNICODE_TODIGIT (C %), 87
Py_UNICODE_TOLOWER (C %), 87
Py_UNICODE_TONUMERIC (C %4%), 87
Py_UNICODE_TOTITLE (C &4%), 87
Py_UNICODE_TOUPPER (C & 4%), 87
Py_UNREACHABLE (C %), 4
Py_UNUSED (C %), 5
Py_VaBuildvalue (C &%), 50
PY_VECTORCALL_ARGUMENTS_OFFSET (C %), 58
Py_VerboseFlag (C T ¥&), 133
Py_VISIT (C &%%), 211
Py_XDECREF (C F&%%), 21
Py_XDECREF (), 10
Py_XINCREF (C &%), 21
PyAnySet_Check (C & 4%), 108
PyAnySet_CheckExact (C %), 109
PyArg_Parse (C &), 48
PyArg_ParseTuple (C FH#), 48
PyArg_ParseTupleAndKeywords (C F#k), 48
PyArg_UnpackTuple (C &%), 48
PyArg_ValidateKeywordArguments (C &%),
48
PyArg_VaParse (C #4%), 48

% -g), 133

%), 87
%), 87

Py_TPFLAGS_METHOD_DESCRIPTOR ([F] & % %), PyArg_VaParseTupleAndKeywords (C & ),
191 48
Py_TPFLAGS_READY (& & %), 190 PyASCIIObject (C £7), 84
Py_TPFLAGS_READYING ([F] % % &), 191 PyAsyncMethods (C (%), 205
Py_TPFLAGS_TUPLE_SUBCLASS (E]E &%), 191 PyAsyncMethods.am_aiter (C m 1), 206
Py_TPFLAGS_TYPE_SUBCLASS (EE % #), 191 PyAsyncMethods.am_anext (C s i), 206
Py_TPFLAGS_UNICODE_SUBCLASS ([F] & & %), PyAsyncMethods.am_await (C & &), 206
191 PyBool_Check (C &%), 79
Py_tracefunc (C %), 145 PyBool_FromLong (C &%), 79
Py_True (C £¥), 79 PyBUF_ANY_CONTIGUOUS (C %), 69
Py_tss_NEEDS_INIT (C %), 147 PyBUF_C_CONTIGUOUS (C %), 69
Py_tss_t (C £A), 147 PyBUF_CONTIG (C &), 69
Py_TYPE (C %), 174 PyBUF_CONTIG_RO (C %), 69
Py_UCS1 (C (7)), 84 PyBUF_F_CONTIGUOUS (C %), 69
Py_UCS2 (C %zi_) 84 PyBUF_FORMAT (C %), 68
Py_UCS4 (C £7), 84 PyBUF_FULL (C %), 69
Py_UNBLOCK_THREADS (C %), 141 PyBUF_FULL_RO (C &), 69
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PyBUF_INDIRECT (C %), 68
PyBUF_ND (C %), 68
PyBUF_RECORDS (C %), 69
PyBUF_RECORDS_RO (C &), 69
PyBUF_SIMPLE (C %), 68
PyBUF_STRIDED (C %), 69
PyBUF_STRIDED_RO (C %), 69
PyBUF_STRIDES (C %), 68
PyBUF_WRITABLE (C %), 68
PyBuffer_ FillContiguousStrides (C &),
71
PyBuffer_ FillInfo (C &%), 71
PyBuffer_ FromContiguous (C &%), 71
PyBuffer_GetPointer (C &), 71
PyBuffer_IsContiguous (C k), 71
PyBuffer_Release (C %), 71
PyBuffer_SizeFromFormat (C &), 71
PyBuffer_ToContiguous (C FH4k), 71
PyBufferProcs, 66
PyBufferProcs (C £#), 204
PyBufferProcs.bf_getbuffer (C & 1), 204
PyBufferProcs.bf_releasebuffer (C s i),
205
PyByteArray_AS_STRING (C &%), 83
PyByteArray_AsString (C %), 83
PyByteArray_Check (C #4%), 83
PyByteArray_CheckExact (C FH4%), 83
PyByteArray_Concat (C F%%), 83
PyByteArray_FromObject (C &%), 83
PyByteArray FromStringAndSize (C & #k),
83
PyByteArray_ GET_SIZE (C &%), 83
PyByteArray_Resize (C &), 83
PyByteArray_Size (C k), 83
PyByteArray_Type (C &), 83
PyByteArrayObject (C £7A), 83
PyBytes_AS_STRING (C &%), 82
PyBytes_AsString (C %), 82
PyBytes_AsStringAndSize (C F4%), 82
PyBytes_Check (C &%), 81
PyBytes_CheckExact (C &%), 81
PyBytes_Concat (C &), 82
PyBytes_ConcatAndDel (C & #k), 82
PyBytes_FromFormat (C F%%), 81
PyBytes_FromFormatV (C &%), 82
PyBytes_FromObject (C &%), 82
PyBytes_FromString (C &4%), 81
PyBytes_FromStringAndSize (C F#k), 81
PyBytes_GET_SIZE (C &), 82
PyBytes_Size (C FH#%), 82
PyBytes_Type (C E &), 81
PyBytesObject (C £ ), 81
PyCallable_Check (C &4k), 57
PyCallIter_Check (C &%), 119
PyCallIter_New (C &%), 119
PyCallIter_Type (C % %), 119
PyCapsule (C %7, 123
PyCapsule_CheckExact (C &), 123

PyCapsule_Destructor (C £(7A), 123
PyCapsule_GetContext (C k), 123
PyCapsule_GetDestructor (C H#k), 123
PyCapsule_GetName (C &), 123
PyCapsule_GetPointer (C %), 123
PyCapsule_Import (C FH#k), 123
PyCapsule_IsValid (C &), 123
PyCapsule_New (C F# %), 123
PyCapsule_SetContext (C Fi%), 124
PyCapsule_SetDestructor (C %), 124
PyCapsule_SetName (C &), 124
PyCapsule_SetPointer (C &), 124
PyCell_Check (C H%k), 112
PyCell_GET (C H%k), 112
PyCell_Get (C &), 112
PyCell_ New (C FH4%), 112
PyCell_SET (C &%), 112
PyCell_Set (C &%), 112
PyCell_Type (C L&), 112
PyCellObject (C £#), 112
PyCFunction (C £#), 175
PyCFunctionWithKeywords (C %), 175
PyCode_Check (C k), 112
PyCode_GetNumFree (C &%), 112
PyCode_New (C &%), 112
PyCode_NewEmpty (C F%%), 113
PyCode_NewWithPosOnlyArgs (C &%), 112
PyCode_Type (C T &), 112
PyCodec_BackslashReplaceErrors (C &),
53
PyCodec_Decode (C &), 52
PyCodec_Decoder (C H4%), 53
PyCodec_Encode (C FH4%), 52
PyCodec_Encoder (C FH#), 53
PyCodec_IgnoreErrors (C H3%k), 53
PyCodec_IncrementalDecoder (C FH#k), 53
PyCodec_IncrementalEncoder (C &%), 53
PyCodec_KnownEncoding (C &%), 52
PyCodec_LookupError (C &#), 53
PyCodec_NameReplaceErrors (C H#%), 53
PyCodec_Register (C &%), 52
PyCodec_RegisterError (C %), 53
PyCodec_ReplaceErrors (C &), 53
PyCodec_StreamReader (C % 4%), 53
PyCodec_StreamWriter (C %4%), 53
PyCodec_StrictErrors (C &%), 53
PyCodec_XMLCharRefReplaceErrors (C &
£0), 53
PyCodeObject (C &), 112
PyCompactUnicodeObject (C %), 84
PyCompilerFlags (C £#), 19
PyCompilerFlags.cf_feature_version (C
AR, 19
PyCompilerFlags.cf_flags (C & R), 19
PyComplex_AsCComplex (C k), 81
PyComplex_Check (C &%), 80
PyComplex_CheckExact (C &%), 80
PyComplex_FromCComplex (C &%), 80
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PyComplex_FromDoubles (C &%), 81
PyComplex_ImagAsDouble (C &%), 81
PyComplex_RealAsDouble (C F#%), 81
PyComplex_Type (C & &), 80
PyComplexObject (C £A), 80
PyConfig (C (&), 154
PyConfig_Clear (C FH#k), 154
PyConfig_InitIsolatedConfig (C F#%), 154
PyConfig_InitPythonConfig (C &%), 154
PyConfig_Read (C &%), 154
PyConfig_SetArgv (C &%), 154
PyConfig_SetBytesArgv (C &), 154
PyConfig_SetBytesString (C Fk), 154
PyConfig_SetString (C &%), 154
PyConfig_SetWideStringList (C &%), 154
PyConfig.argv (C m i), 155
PyConfig.base_exec_prefix (C . i), 155
PyConfig.base_executable (C & i), 155
PyConfig.base_prefix (C & 1), 155
PyConfig.buffered_stdio (C & RN), 155
PyConfig.bytes_warning (C s i), 155
PyConfig.check_hash_pycs_mode (C rx i),
155
PyConfig.configure_c_stdio (C & R), 155
PyConfig.dev_mode (C m. 1), 155
PyConfig.dump_refs (C s i), 155
PyConfig.exec_prefix (C s ), 155
PyConfig.executable (C & i), 155
PyConfig.faulthandler (C & i), 155
PyConfig.filesystem_encoding (C m R),
155
PyConfig.filesystem_errors (C & R), 155
PyConfig.hash_seed (C & i), 155
PyConfig.home (C & 1), 156
PyConfig.import_time (C & i), 156
PyConfig.inspect (C A i), 156
PyConfig.install_signal_handlers (C &
R), 156
PyConfig.interactive (C s, 1), 156
PyConfig.isolated (C m 1), 156
PyConfig.legacy_windows_stdio (C m i),
156
PyConfig.malloc_stats (C & i), 156
PyConfig.module_search_paths (C m R),
156
PyConfig.module_search_paths_set (C
R). 156
PyConfig.optimization_level (C m i), 156
PyConfig.parse_argv (C m it ), 156
PyConfig.parser_debug (C & i), 156
PyConfig.pathconfig_warnings (C mx R),
156
PyConfig.prefix (C & 1), 157
PyConfig.program_name (C & i), 157
PyConfig.pycache_prefix (Cm i), 157
PyConfig.pythonpath_env (C s i), 156
PyConfig.quiet (C i R), 157
PyConfig.run_command (C & i), 157

PyConfig.run_filename (C A& i), 157
PyConfig.run_module (C & i), 157
PyConfig.show_alloc_count (C & i), 157
PyConfig.show_ref_count (Cm i), 157
PyConfig.site_import (C & i), 157
PyConfig.skip_source_first_line (C xx
®), 157
PyConfig.stdio_encoding (C & ), 157
PyConfig.stdio_errors (C & i), 157
PyConfig.tracemalloc (C & i), 157
PyConfig.use_environment (C & i), 157
PyConfig.use_hash_seed (C s i), 155
PyConfig.user_site_directory (C & R),
157
PyConfig.verbose (C & R ), 157
PyConfig.warnoptions (C & i), 157
PyConfig.write_bytecode (Cm i), 158
PyConfig.xoptions (C A& i), 158
PyContext (C %), 125
PyContext_CheckExact (C &), 125
PyContext_ClearFreeList (C &%), 126
PyContext_Copy (C H4%), 126
PyContext_CopyCurrent (C k), 126
PyContext_Enter (C &%), 126
PyContext_Exit (C &%), 126
PyContext_New (C F%%), 126
PyContext_Type (C &%), 125
PyContextToken (C %), 125
PyContextToken_CheckExact (C Hk), 125
PyContextToken_Type (C £ %), 125
PyContextVar (C £ &), 125
PyContextVar_CheckExact (C #4%), 125
PyContextVar_Get (C k), 126
PyContextVar_New (C &%), 126
PyContextVar_Reset (C &%), 126
PyContextVar_Set (C &%), 126
PyContextVar_Type (C &%), 125
PyCoro_CheckExact (C &%), 125
PyCoro_New (C F4%), 125
PyCoro_Type (C &), 125
PyCoroObject (C £A), 125
PyDate_Check (C F%k), 126
PyDate_CheckExact (C &#), 127
PyDate_FromDate (C &%), 127
PyDate_FromTimestamp (C &%#k), 129
PyDateTime_Check (C &%), 127
PyDateTime_CheckExact (C F#g), 127
PyDateTime_ DATE_GET_HOUR (C ##k), 128
PyDateTime_DATE_GET_MICROSECOND (C &
£0), 128
PyDateTime_DATE_GET_MINUTE (C % #g), 128
PyDateTime_DATE_GET_SECOND (C %), 128
PyDateTime DELTA_GET_DAYS (C F#k), 128
PyDateTime_DELTA_GET_MICROSECONDS (C &

£, 128
PyDateTime_DELTA_GET_SECONDS (C & #%),
128

PyDateTime_FromDateAndTime (C #%), 127
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PyDateTime_FromDateAndTimeAndFold (C &
%), 127
PyDateTime_FromTimestamp (C F#%), 129
PyDateTime_GET_DAY (C &%), 128
PyDateTime_GET_MONTH (C F#k), 128
PyDateTime_GET_YEAR (C Fk), 128
PyDateTime_TIME_GET_HOUR (C #%%), 128
PyDateTime_TIME_GET_MICROSECOND (C &
#0), 128
PyDateTime TIME_GET_MINUTE (C #F#k), 128
PyDateTime_TIME_GET_SECOND (C ##%), 128
PyDateTime_TimeZone_UTC (C & ¥), 126
PyDelta_Check (C &), 127
PyDelta_CheckExact (C &%), 127
PyDelta_FromDSU (C &%), 127
PyDescr_IsData (C &%), 120
PyDescr_NewClassMethod (C &%), 120
PyDescr_NewGetSet (C &%), 120
PyDescr_NewMember (C & #), 120
PyDescr_NewMethod (C &%), 120
PyDescr_NewWrapper (C #4%), 120
PyDict_Check (C H4%), 106
PyDict_CheckExact (C &%), 106
PyDict_Clear (C &%), 106
PyDict_ClearFreeList (C &%), 108
PyDict_Contains (C &), 106
PyDict_Copy (C &), 106
PyDict_DelItem (C &%), 106
PyDict_DelItemString (C k), 106
PyDict_GetItem (C &%), 106
PyDict_GetTtemString (C &), 107
PyDict_GetItemWithError (C &%), 106
PyDict_TItems (C FH%k), 107
PyDict_Keys (C FH%k), 107
PyDict_Merge (C &%), 108
PyDict_MergeFromSeq2 (C F3%), 108
PyDict_New (C %#%), 106
PyDict_Next (C &), 107
PyDict_SetDefault (C &%), 107
PyDict_SetItem (C &), 106
PyDict_SetItemString (C F3%), 106
PyDict_Size (C &%), 107
PyDict_Type (C &), 106
PyDict_Update (C FH4%), 108
PyDict_values (C &), 107
PyDictObject (C £ &), 106
PyDictProxy_New (C ##), 106
PyDoc_STR(C %), 5
PyDoc_STRVAR (C %), 5
PyErr_BadArgument (C %), 24
PyErr_BadInternalCall (C &%), 26
PyErr_CheckSignals (C #4%), 28
PyErr_Clear (C &%), 23
PyErr_Clear (), 9,10
PyErr_ExceptionMatches (C &%), 27
PyErr_ExceptionMatches (), 10
PyErr_Fetch (C &%), 27
PyErr_Format (C %), 24

PyErr_FormatV (C F#4%), 24
PyErr_GetExcInfo (C H#), 28
PyErr_GivenExceptionMatches (C &4%), 27
PyErr_NewException (C &%), 29
PyErr_NewExceptionWithDoc (C &%), 29
PyErr_NoMemory (C &%), 24
PyErr_NormalizeException (C Hi%), 27
PyErr_Occurred (C &), 27
PyErr_Occurred(),9
PyErr_Print (C ¥%h#%), 23
PyErr_PrintEx (C H#4%), 23
PyErr_ResourceWarning (C &%), 26
PyErr_Restore (C F#k), 27
PyErr_SetExcFromWindowsErr (C &%), 25
PyErr_SetExcFromWindowsErrWithFilename
(C &%), 25
PyErr_SetExcFromWindowsErrWithFilenameObject
(C H40), 25
PyErr_SetExcFromWindowsErrWithFilenameObjects
(C &), 25
PyErr_SetExcInfo (C F#), 28
PyErr_SetFromErrno (C F4%), 24
PyErr_SetFromErrnoWithFilename (C % #%),
25
PyErr_SetFromErrnoWithFilenameObject
(C &%), 24
PyErr_SetFromErrnoWithFilenameObjects
(C &%), 24
PyErr_SetFromWindowsErr (C &%), 25
PyErr_SetFromWindowsErrWithFilename (C
#4%), 25
PyErr_SetImportError (C &), 25
PyErr_SetImportErrorSubclass (C FH4k), 26
PyErr_SetInterrupt (C H4%), 28
PyErr_SetNone (C &%), 24
PyErr_SetObject (C Hik), 24
PyErr_SetString (C Hk), 24
PyErr_SetString(),9
PyErr_SyntaxLocation (C &%), 26
PyErr_SyntaxLocationEx (C &%), 25
PyErr_SyntaxLocationObject (C &%), 25
PyErr_WarnkEx (C #%%), 26
PyErr_WarnExplicit (C H4%), 26
PyErr_WarnExplicitObject (C FH4%k), 26
PyErr_WarnFormat (C ##k), 26
PyErr_WriteUnraisable (C &%), 23
PyEval_AcquireLock (C FH#k), 143
PyEval_AcquireThread (C &), 142
PyEval_AcquireThread (), 140
PyEval_EvalCode (C &%), 18
PyEval_EvalCodeEx (C &), 18
PyEval_EvalFrame (C &), 18
PyEval_EvalFrameEx (C F#4%), 18
PyEval_GetBuiltins (C H4%), 52
PyEval_GetFrame (C $&4%), 52
PyEval_GetFuncDesc (C &%), 52
PyEval_GetFuncName (C &%), 52
PyEval_GetGlobals (C &%), 52

256

#5l



The Python/C API, % 3.8.13

PyEval_GetLocals (C FH4k), 52
PyEval_InitThreads (C F4%), 140
PyEval_InitThreads (), 134
PyEval_MergeCompilerFlags (C &%), 18
PyEval_ReleaseLock (C FH#), 143
PyEval_ReleaseThread (C H4%), 143
PyEval_ReleaseThread (), 140
PyEval_RestoreThread (C k), 140
PyEval_RestoreThread (), 138, 140
PyEval_SaveThread (C &#%), 140
PyEval_SaveThread (), 138, 140
PyEval_SetProfile (C &), 146
PyEval_SetTrace (C &%), 146

PyEval_ThreadsInitialized (C %), 140

PyExc_ArithmeticError, 31
PyExc_AssertionError, 31
PyExc_AttributeError, 31
PyExc_BaseException, 31
PyExc_BlockingIOError, 31
PyExc_BrokenPipeError, 31
PyExc_BufferError, 31
PyExc_BytesWarning, 33
PyExc_ChildProcessError, 31
PyExc_ConnectionAbortedError, 31
PyExc_ConnectionError, 31
PyExc_ConnectionRefusedError, 31
PyExc_ConnectionResetError, 31
PyExc_DeprecationWarning, 33
PyExc_EnvironmentError, 33
PyExc_EOFError, 31
PyExc_Exception, 31
PyExc_FileExistsError, 31
PyExc_FileNotFoundError, 31
PyExc_FloatingPointError, 31
PyExc_FutureWarning, 33
PyExc_GeneratorExit, 31
PyExc_ImportError, 31
PyExc_ImportWarning, 33
PyExc_IndentationError, 31
PyExc_IndexError, 31
PyExc_InterruptedError, 31
PyExc_IOError, 33
PyExc_IsADirectoryError, 31
PyExc_KeyboardInterrupt, 31
PyExc_KeyError, 31
PyExc_LookupError, 31
PyExc_MemoryError, 31
PyExc_ModuleNotFoundError, 31
PyExc_NameError, 31
PyExc_NotADirectoryError, 31
PyExc_NotImplementedError, 31
PyExc_OSError, 31
PyExc_OverflowError, 31
PyExc_PendingDeprecationWarning, 33
PyExc_PermissionError, 31
PyExc_ProcessLookupError,31
PyExc_RecursionError, 31
PyExc_ReferenceError, 31

PyExc_ResourceWarning, 33
PyExc_RuntimeError, 31
PyExc_RuntimeWarning, 33
PyExc_StopAsynclteration, 31
PyExc_StopIteration, 31
PyExc_SyntaxError, 31
PyExc_SyntaxWarning, 33
PyExc_SystemError, 31
PyExc_SystemExit, 31
PyExc_TabError, 31
PyExc_TimeoutError, 31
PyExc_TypeError, 31
PyExc_UnboundLocalError, 31
PyExc_UnicodeDecodeError, 31
PyExc_UnicodeEncodeError, 31
PyExc_UnicodeError, 31
PyExc_UnicodeTranslateError, 31
PyExc_UnicodeWarning, 33
PyExc_UserWarning, 33
PyExc_ValueError, 31
PyExc_Warning, 33
PyExc_WindowsError, 33
PyExc_ZeroDivisionError, 31
PyException_GetCause (C k), 29
PyException_GetContext (C %), 29
PyException_GetTraceback (C F#%k), 29
PyException_SetCause (C #4%), 29
PyException_SetContext (C %), 29
PyException_SetTraceback (C F%%), 29
PyFile_FromFd (C &%), 113
PyFile_GetLine (C &%), 113
PyFile_SetOpenCodeHook (C F#t), 113
PyFile_WriteObject (C %), 114
PyFile_WriteString (C %), 114
PyFloat_AS_DOUBLE (C &%), 79
PyFloat_AsDouble (C FH#k), 79
PyFloat_Check (C &%), 79
PyFloat_CheckExact (C &%), 79
PyFloat_ClearFreeList (C &%), 79
PyFloat_FromDouble (C &%), 79
PyFloat_FromString (C &%), 79
PyFloat_GetInfo (C k), 79
PyFloat_GetMax (C FH4k), 79
PyFloat_GetMin (C &#k), 79
PyFloat_Type (C &), 79
PyFloatObject (C (#), 79
PyFrame_GetLineNumber (C &%), 52
PyFrameObject (C £#), 18
PyFrozenSet_Check (C &), 108
PyFrozenSet_CheckExact (C F%k), 109
PyFrozenSet_New (C &%), 109
PyFrozenSet_Type (C &), 108
PyFunction_Check (C % #%), 110

PyFunction_GetAnnotations (C &%), 110

PyFunction_GetClosure (C &%), 110
PyFunction_GetCode (C &%), 110

PyFunction_GetDefaults (C &%), 110
PyFunction_GetGlobals (C &%), 110
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PyFunction_GetModule (C &%), 110
PyFunction_New (C &%), 110
PyFunction_NewWithQualName (C &), 110
PyFunction_SetAnnotations (C &#%), 110
PyFunction_SetClosure (C H4%), 110
PyFunction_SetDefaults (C FH#k), 110
PyFunction_Type (C L&), 110
PyFunctionObject (C X&), 110
PyGen_Check (C &%), 124
PyGen_CheckExact (C &%), 124
PyGen_New (C # %), 124
PyGen_NewWithQualName (C &), 124
PyGen_Type (C &%), 124
PyGenObject (C £#), 124
PyGetSetDef (C £A), 177
PyGILState_Check (C H#), 141
PyGILState_Ensure (C &%#), 140
PyGILState_GetThisThreadState (C & %),
141
PyGILState_Release (C &), 141
PyImport_AddModule (C #4%), 41
PyImport_AddModuleObject (C #4%), 40
PyImport_AppendInittab (C F#), 42
PyImport_Cleanup (C &%), 42
PyImport_ExecCodeModule (C &%), 41
PyImport_ExecCodeModuleEx (C %), 41
PyImport_ExecCodeModuleObject (C & %),
41
PyImport_ExecCodeModuleWithPathnames
(C &), 41
PyImport_ExtendInittab (C F4), 43
PyImport_FrozenModules (C & &), 42
PyImport_GetImporter (C %), 42
PyImport_GetMagicNumber (C F#k), 41
PyImport_GetMagicTag (C k), 42
PyImport_GetModule (C &%), 42
PyImport_GetModuleDict (C k), 42
PyImport_Import (C &%), 40
PyImport_ImportFrozenModule (C &%), 42
PyImport_ImportFrozenModuleObject (C &
%), 42
PyImport_ImportModule (C k), 40
PyImport_ImportModuleEx (C &%), 40
PyImport_ImportModulelLevel (C &%), 40
PyImport_ImportModuleLevelObject (C &
%), 40
PyImport_ImportModuleNoBlock (C &%), 40
PyImport_ReloadModule (C FH4%), 40
PyIndex_Check (C &%), 62
PyInstanceMethod_Check (C &%), 111
PyInstanceMethod_Function (C H%%), 111
PyInstanceMethod_GET_FUNCTION (C & %),
111
PyInstanceMethod_New (C #4%), 111
PyInstanceMethod_Type (C &%), 111
PyInterpreterState (C £#), 140
PyInterpreterState_Clear (C &#), 142
PyInterpreterState_Delete (C &), 142

PyInterpreterState_GetDict (C ), 142
PyInterpreterState_GetID (C H#k), 142
PyInterpreterState_Head (C &H#%), 146
PyInterpreterState_Main (C &%), 146
PyInterpreterState_New (C &%), 142
PyInterpreterState_Next (C &%), 146
PyInterpreterState_ThreadHead (C & %),
146
PyIter_Check (C ##k), 65
PyIter_Next (C &%%k), 65
PyList_Append (C &%), 105
PyList_AsTuple (C FH#k), 105
PyList_Check (C &%), 104
PyList_CheckExact (C F#k), 104
PyList_ClearFreeList (C #&#%), 106
PyList_GET_ITEM (C &##%), 105
PyList_GET_SIZE (C k), 105
PyList_GetItem (C &%), 105
PyList_GetItem(),7
PyList_GetSlice (C &), 105
PyList_Insert (C &%), 105
PyList_New (C FH4%), 105
PyList_Reverse (C FH#k), 105
PyList_SET_ITEM (C &%), 105
PyList_SetTtem (C &%), 105
PyList_SetItem(),6
PyList_SetSlice (C &%), 105
PyList_Size (C &%), 105
PyList_Sort (C &%), 105
PyList_Type (C %), 104
PyListObject (C %£A&), 104
PyLong_AsDouble (C &%), 78
PyLong_AsLong (C #4%), 77
PyLong_AsLongAndOverflow (C &), 77
PyLong_AsLongLong (C &%), 77
PyLong_AsLongLongAndOverflow (C &#), 77
PyLong_AsSize_t (C &%), 78
PyLong_AsSsize_t (C &%), 78
PyLong_AsUnsignedLong (C &%), 78
PyLong_AsUnsignedLongLong (C &%), 78
PyLong_AsUnsignedLongLongMask (C & %),
78
PyLong_AsUnsignedLongMask (C &%), 78
PyLong_AsVoidPtr (C &), 78
PyLong_Check (C F##%), 76
PyLong_CheckExact (C ##k), 76
PyLong_FromDouble (C %), 76
PyLong_FromLong (C &%), 76
PyLong_FromLongLong (C &%), 76
PyLong_FromSize_t (C &%), 76
PyLong_FromSsize_t (C H4%), 76
PyLong_FromString (C &%), 76
PyLong_FromUnicode (C &#%), 77
PyLong_FromUnicodeObject (C FHk), 77
PyLong_FromUnsignedLong (C &%), 76
PyLong_FromUnsignedLongLong (C &%), 76
PyLong_FromVoidPtr (C &%), 77
PyLong_Type (C T &), 76

258

#5l



The Python/C API, % 3.8.13

PyLongObject (C (&), 76
PyMapping_Check (C &%), 64
PyMapping_DelItem (C &%), 64
PyMapping_DelltemString (C %), 64
PyMapping_GetItemString (C F4k), 64
PyMapping_HasKey (C &%), 65
PyMapping_HasKeyString (C &%), 65
PyMapping_Items (C FH%%), 65
PyMapping_Keys (C &%), 65
PyMapping_Length (C &%), 64
PyMapping_SetItemString (C &), 64
PyMapping_Size (C FH k), 64
PyMapping_Values (C &%), 65
PyMappingMethods (C % %), 203
PyMappingMethods.mp_ass_subscript (C
R), 203
PyMappingMethods.mp_length (C & i), 203
PyMappingMethods.mp_subscript (C & i),
203
PyMarshal_ReadLastObjectFromFile (C &
$0), 43
PyMarshal_ReadLongFromFile (C F4%), 43
PyMarshal_ReadObjectFromFile (C $%4%), 43
PyMarshal_ ReadObjectFromString (C &%),
44
PyMarshal ReadShortFromFile (C &#%), 43
PyMarshal_WriteLongToFile (C &%), 43
PyMarshal_ WriteObjectToFile (C &%), 43
PyMarshal_WriteObjectToString (C & ),
43
PyMem_Calloc (C &%), 167
PyMem_Del (C &%), 167
PYMEM_DOMAIN_MEM (C 9‘2:), 169
PYMEM_DOMAIN_OBJ (C %), 169
PYMEM_DOMAIN_RAW (C %), 169
PyMem_Free (C %), 167
PyMem_GetAllocator (C &%), 169
PyMem_Malloc (C F4%), 166
PyMem_New (C &3), 167
PyMem_RawCalloc (C &%), 166
PyMem_RawFree (C F%%), 166
PyMem_RawMalloc (C &%), 166
PyMem_RawRealloc (C & 4%), 166
PyMem_Realloc (C &%), 167
PyMem_Resize (C %4%), 167
PyMem_SetAllocator (C &%), 169
PyMem_SetupDebugHooks (C k), 170
PyMemAllocatorDomain (C £#), 169
PyMemAllocatorEx (C £#), 169
PyMemberDef (C £ #), 176
PyMemoryView_Check (C & 4%), 122
PyMemoryView_FromBuffer (C &%), 121
PyMemoryView_FromMemory (C F#k), 121
PyMemoryView_FromObject (C &%), 121
PyMemoryView_GET_BASE (C k), 122
PyMemoryView_GET_BUFFER (C &%), 122
PyMemoryView_GetContiguous (C &), 122
PyMethod_Check (C &%), 111

PyMethod_ClearFreeList (C k), 111
PyMethod_Function (C &%), 111
PyMethod_GET_FUNCTION (C &%), 111
PyMethod_GET_SELF (C &%), 111
PyMethod_New (C F#%), 111
PyMethod_Self (C &%), 111
PyMethod_Type (C &%), 111
PyMethodDef (C £#), 175
PyModule_AddFunctions (C &4%), 118
PyModule_AddIntConstant (C F4%), 118
PyModule_AddIntMacro (C &%), 118
PyModule_AddObject (C H4%), 118
PyModule_AddStringConstant (C H%%), 118
PyModule_AddStringMacro (C ##), 118
PyModule_Check (C &%), 114
PyModule_CheckExact (C &%k), 114
PyModule_Create (C &%), 116
PyModule_Create2 (C &%), 116
PyModule_ExecDef (C H#), 118
PyModule_FromDefAndSpec (C &%), 117
PyModule_FromDefAndSpec2 (C FH), 117
PyModule_GetDef (C sh#), 114
PyModule_GetDict (C &%), 114
PyModule_GetFilename (C &%), 114
PyModule_GetFilenameObject (C &), 114
PyModule_GetName (C &%), 114
PyModule_GetNameObject (C FH4k), 114
PyModule_GetState (C &%), 114
PyModule_New (C &%), 114
PyModule_NewObject (C &%), 114
PyModule_SetDocString (C k), 118
PyModule_Type (C &%), 114
PyModuleDef (C £ &), 115
PyModuleDef_Init (C &%), 116
PyModuleDef_Slot (C %), 116
PyModuleDef_Slot.slot (C &), 116
PyModuleDef_Slot.value (C & R), 117
PyModuleDef.m_base (C & R ), 115
PyModuleDef.m_clear (Cp i), 115
PyModuleDef .m_doc (C s i), 115
PyModuleDef.m_free (C & i), 115
PyModuleDef.m_methods (C & i), 115
PyModuleDef.m_name (C & 1), 115
PyModuleDef.m_reload (C s i), 115
PyModuleDef.m_size (C & i), 115
PyModuleDef.m_slots (C & i), 115
PyModuleDef.m_traverse (C & i), 115
PyNumber_Absolute (C &%), 61
PyNumber_Add (C & 4%), 60
PyNumber_And (C &%), 61
PyNumber_AsSsize_t (C &%), 62
PyNumber_Check (C &%), 60
PyNumber_Divmod (C &%), 60
PyNumber_Float (C &%), 62
PyNumber_FloorDivide (C %), 60
PyNumber_Index (C F#k), 62
PyNumber_InPlaceAdd (C &%%), 61
PyNumber_InPlaceAnd (C &%), 62
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PyNumber_InPlaceFloorDivide (C &%), 61
PyNumber_InPlaceLshift (C &%), 62
PyNumber_InPlaceMatrixMultiply (C &%),
61
PyNumber_InPlaceMultiply (C &#k), 61
PyNumber_InPlaceOr (C FHik), 62
PyNumber_InPlacePower (C &), 62
PyNumber_InPlaceRemainder (C k), 61
PyNumber_InPlaceRshift (C &%), 62
PyNumber_InPlaceSubtract (C &), 61
PyNumber_InPlaceTrueDivide (C $&4%), 61
PyNumber_InPlaceXor (C F#), 62
PyNumber_Invert (C &%), 61
PyNumber_Long (C &#), 62
PyNumber_Lshift (C &%), 61
PyNumber MatrixMultiply (C &%), 60
PyNumber_Multiply (C &%), 60
PyNumber_Negative (C &%), 61
PyNumber_Or (C & #k), 61
PyNumber_Positive (C &%), 61
PyNumber_Power (C &%), 60
PyNumber_Remainder (C F4%), 60
PyNumber_Rshift (C &%), 61

PyNumberMethods.nb_inplace_subtract (C
M~ ), 203

PyNumberMethods.nb_inplace_true_divide
(C A& ), 203

PyNumberMethods.nb_inplace_xor (C & i),

203
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods

A ), 203
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods

202
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods

203

.nb_int (C A& R ), 203
.nb_invert (C & i), 202
.nb_1lshift (C m& i), 202
.nb_matrix_multiply

(C

.nb_multiply (C & RR), 202
.nb_negative (C m& i), 202
.nb_or (C m&, %), 202
.nb_positive (C & i), 202
.nb_power (C m& ), 202
.nb_remainder (C rx i),

.nb_reserved (C & i), 203
.nb_rshift (CA&R), 202

.nb_subtract (C & i), 202
.nb_true_divide (C & i),

PyNumber_Subtract (C H#), 60

PyNumber_ToBase

(C &), 62

PyNumber_TrueDivide (C &%), 60
PyNumber_Xor (C &%), 61

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
), 203
PyNumberMethods
PyNumberMethods
203
PyNumberMethods
203

(C £7), 201

.nb_absolute (C & R ), 202
.nb_add (C s R), 202
.nb_and (C m i), 202
.nb_bool (C & i), 202
.nb_divmod (C & i), 202
.nb_float (Cm ), 203
.nb_floor_divide (C &

.nb_index (C rx, 1), 203
.nb_inplace_add (C & i),

.nb_inplace_and (C m& i),

PyNumberMethods.nb_xor (C & it ), 202
PyObject (C £A), 174
PyObject_AsCharBuffer (C k), 72
PyObject_ASCII (C k), 56
PyObject_AsFileDescriptor (C &%), 113
PyObject_AsReadBuffer (C &), 72
PyObject_AsWriteBuffer (C %), 72
PyObject_Bytes (C &%), 57
PyObject_Call (C &%), 57
PyObject_CallFunction (C #4%), 57
PyObject_CallFunctionObjArgs (C &%), 58
PyObject_CallMethod (C &%%), 58
PyObject_CallMethodObjArgs (C Fk), 58
PyObject_CallObject (C F#k), 57
PyObject_Calloc (C H4%), 168
PyObject_CheckBuffer (C %), 71
PyObject_CheckReadBuffer (C %), 72
PyObject_Del (C FH%k), 173

PyNumberMethods.nb_inplace_floor_divideyObject_DelAttr (C &%), 56
(C A 3), 203
PyNumberMethods.nb_inplace_lshift (Cr, PyObject_DelItem (C &), 60

i), 203

PyObject_DelAttrString (C &%), 56

PyObject_Dir (C &%), 60

PyNumberMethods.nb_inplace_matrix_multiBiGbject_Free (C H%), 168
(C R ), 203

PyNumberMethods.nb_inplace_multiply (C

), 203
PyNumberMethods
203
PyNumberMethods

n), 203
PyNumberMethods

.nb_inplace_or (C & i),
.nb_inplace_power (C &

.nb_inplace_remainder

(C A 3), 203

PyNumberMethods
7)), 203

.nb_inplace_rshift (C &

PyObject_GC_Del (C &%), 210
PyObject_GC_New (C F#k), 210
PyObject_GC_NewVar (C &%), 210
PyObject_GC_Resize (C &%), 210
PyObject_GC_Track (C &%), 210
PyObject_GC_UnTrack (C &%), 210
PyObject_GenericGetAttr (C &), 56
PyObject_GenericGetDict (C &%), 56
PyObject_GenericSetAttr (C F4%), 56
PyObject_GenericSetDict (C F#k), 56
PyObject_GetArenaAllocator (C &), 171
PyObject_GetAttr (C H%), 55
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PyObject_GetAttrString (C &%), 55
PyObject_GetBuffer (C H4%), 71
PyObject_GetItem (C &%), 59
PyObject_GetIter (C &), 60
PyObject_HasAttr (C F%%), 55
PyObject_HasAttrString (C &%), 55
PyObject_Hash (C &%), 59
PyObject_HashNotImplemented (C F4%), 59
PyObject_HEAD (C %), 174
PyObject_HEAD_INIT (C £), 174
PyObject_Init (C &), 173
PyObject_InitVar (C FH#k), 173
PyObject_IsInstance (C &%%), 57
PyObject_TIsSubclass (C &%), 57
PyObject_IsTrue (C &), 59
PyObject_Length (C % 4%), 59
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PyObject.ob_type (C & i), 184
PyOS_AfterFork (C &4%), 36
PyOS_AfterFork_Child (C &%), 36
PyOS_AfterFork_Parent (C &%), 35
PyOS_BeforeFork (C &%), 35
PyOS_CheckStack (C &%), 36
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PyParser_SimpleParseStringFlags (C &
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PyPreConfig.coerce_c_locale_warn (C &
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PyRun_FileEx (C &%), 17
PyRun_FileExFlags (C &%), 17
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PySequence_Fast_ITEMS (C &), 64

gL ]

261



The Python/C API, % 3.8.13

PySequence_GetItem (C FH%%), 63
PySequence_GetItem(), 7
PySequence_GetSlice (C &%), 63
PySequence_Index (C F#%), 63
PySequence_InPlaceConcat (C H4%), 63
PySequence_InPlaceRepeat (C FHik), 63
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PyStructSequence_InitType (C s#k), 103
PyStructSequence_InitType2 (C FHk), 103
PyStructSequence_New (C &), 104
PyStructSequence_NewType (C &%), 103
PyStructSequence_SET_ITEM (C &%), 104
PyStructSequence_SetItem (C &%), 104
PyStructSequence_UnnamedField (C & %),
104

PySys_AddAuditHook (C &%), 39
PySys_AddWarnOption (C &%), 38
PySys_AddWarnOptionUnicode (C &%), 38
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PySys_SetArgv (), 134
PySys_SetArgvEx (C &%), 137
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PySys_SetPath (C #4%), 38
PySys_WriteStderr (C H#k), 38
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PEP 3119, 57
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PyTime_FromTimeAndFold (C &%), 127
PyTimeZone_FromOffset (C FHi), 127
PyTimeZone_FromOffsetAndName (C & %),
128
PyTrace_C_CALL (C &%), 146
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PyTrace_EXCEPTION (C &%), 146
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sys
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224
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setattrofunc (C £%&), 207 abs, 61
setswitchinterval () (in module sys), 138 ascii, 56
SIGINT, 28 bytes, 57
signal classmethod, 176
e, 28 compile, 41
single dispatch —-- B4k, 224 divmod, 60
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repr, 56, 188

staticmethod, 176
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type, 59
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version (in module sys), 136, 137
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virtual machine —- JE#AHL, 225
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bytearray, 83

bytes, 81
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complex number, 80

dictionary, 106

file, 113

floating point, 79
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function, 110

instancemethod, 111

integer, 76

list, 104
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memoryview, 121

method, 111

module, 114

None, 76

numeric, 76
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set, 108

tuple, 102

type, 5,73
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