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

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

X EWEM S AT ARk S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERATH).



https://www.python.org/dev/peps/pep-0007

The Python/C API, & 3.9.5
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configure ARG A XTI IE S & L, T version WK '$d.%d' % sys.version_infol[:2]. ¥E
Windows |, k24T prefix/include, HH prefix @R ARTHEE ML HR.
BALESSCH, ERAH S (AERANE) ARECER T F g iR as S R AT . 3 2R ACH S
BIZIRIGMH ] #include <pythonX.Y/Python.h>; BB LFEHFEART M, N prefix FF
BILKMK X REAE R H exec_prefix THEEFHRYKLIC.

C++ FI P MARTER, 48 APLESE 2 C ok ), (H3K SCAFRIERfHIRE A A FRN extern "C",
It APTFE C++ Hfili [ I APT S0 PS4 R AL B

1.3 FHNE

Python S SCHFHE LT — S IR . R RAESE ENIR N it )y 2 (Y (BN Py_RETURN_NONE) o
A TE S 3 A I B X BT BRI AN e — A e BB .

Py UNREACHABLE ()
XA PATEARSE — AT L JeiE 2R RS B AR G o B, 24— switch 47 i vl RE A (E#AT
O case FAJEDS T, SR ATE default: FAH . BARIEF BTN EIL— assert (0)
5 abort () P HBEFTPAHIXA.

A1 release T, R REUD AR AR (AL RIS , Fhi o 42 R AT SISA R B 64ty B4, 7 GCC 1) release
R, ZZEMHH __builtin_unreachable () SE¥.

Py_UNREACHABLE () f—MHERRA—A A&k, (HAI A ] _Py_NO_RETURN WAL 5.

MR ARG AN KRR R IEH AR, EER RGO Rl PARIE, SRR %%, flin, RN
AR, 83— ARGV R D USRS, B, SR s AR A & . R Jok
PR AR, IPAMER Py_FatalError() .

3.7 FriRYige.
Py_ABS (x)

AR ] x A XHE .
3.3 BRI HE.

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

3.3 B fE.

Py_MAX (X,y)
R x Fly MR RAE .
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3.3 B EIfE.
Py_STRINGIFY (X)
5 x F40oh C 45 . A0 Py_STRINGIFY (123) iR[H] "123",
3.4 P IEE.
Py_MEMBER_SIZE (type, member)
R Z5HE (type) member R/, PAFITFRIR.
3.6 B HIEE.
Py_CHARMASK (c)

ZRAUH [-128, 127] B [0, 255] I WY 47 SR BRI . XA ¢ Sl 4 unsigned char
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Py_GETENV (s)
5 getenv(s) U, HE2WEMmSIT LEE T -E , WM NoLL (BP0 R & &5 T

Py_IgnoreEnvironmentFlag ) °

Py_UNUSED (arg)
P BB ok B 2 8 AT T I 4 P8 %, B4 int func(int a, int
Py_UNUSED (b)) { return a; }.,

3.4 B fE.

Py_DEPRECATED (version)
FM AW ZEUA BT T Z PR -

vk

Py_DEPRECATED (3.8) PyAPI_FUNC (int) Py_OldFunction (void);

e 3.8 R #3h T MSVC 37

PyDoc_STRVAR (name, Str)
%@~4ﬂ%ﬁiﬁ?ﬁ$¢ﬁm%7Z?%nme%ﬁﬁoW%Kﬂiﬁiﬁ$~EMEﬁmM,ﬁ
VLR

W PEP 7 frik, fiifl PyDoc_ STRVARAEN ST FAFER, PASCREAMISCRY 47— A 2 Python Y1
I

il

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

static PyMethodDef deque_methods[] = {
/S
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
V2R

}

PyDoc_STR (str)
R E N FAPER AR SO AP, B Y SO EAT R A B, B DA
W PEP 7 frik, iflpyDoc STR§E Y FATER, PASCREAFISCRY A7 HR— i A 2 Python HY 5L .
N

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

(Rt

1.3. FHNE 5
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S AT

The reference count behavior of functions in the Python/C API is best explained in terms of ownership of references.
Ownership pertains to references, never to objects (objects are not owned: they are always shared). "Owning a reference”
means being responsible for calling Py_DECREF on it when the reference is no longer needed. Ownership can also
be transferred, meaning that the code that receives ownership of the reference then becomes responsible for eventually
decref’ing it by calling Py_ DECREF () or Py_XDECREF () when it’s no longer needed---or passing on this responsibility
(usually to its caller). When a function passes ownership of a reference on to its caller, the caller is said to receive a new
reference. When no ownership is transferred, the caller is said to borrow the reference. Nothing needs to be done for a
borrowed reference.

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

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

PyObject *t;

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem
PyTuple_SetItem

3)i

t, 0, PyLong_FromLong (1lL));
t, 1, PyLong_FromLong(2L));
t

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

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

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

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

However, in practice, you will rarely use these ways of creating and populating a tuple or list. There’s a generic function,
Py_BuildValue (), that can create most common objects from C values, directed by a format string. For example,
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_Set Item () and friends with items whose references you are only borrow-
ing, like arguments that were passed in to the function you are writing. In that case, their behaviour regarding reference
counts is much saner, since you don’t have to increment a reference count so you can give a reference away ("have it be
stolen”). For example, this function sets all items of a list (actually, any mutable sequence) to a given item:

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

Py_ssize_t i, n;

(QE9)
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n = PyObject_Length (target);
if (n < 0)
return -1;
for (i = 0; i < n; i++) {
PyObject *index = PyLong_FromSsize_t (i);
if (!index)
return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
t
Py_DECREF (index) ;
;

return 0;

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) doesn 't enter into it/ Thus, if you extract
an item from a list using PyList_GetItem (), you don’t own the reference --- but if you obtain the same item from
the same list using PySequence_Get Item () (which happens to take exactly the same arguments), you do own a
reference to the returned object.

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

long

sum_list (PyObject *1list)

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

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

{

(@NE327)
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Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)
return -1; /* Has no length */

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

return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {
value = PyLong_AsLong (item);
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += wvalue;
}
else {
Py_DECREF (item); /* Discard reference ownership */

}

return total;

1.4.2 R

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 T 51 A 75 AL PR & RN AR v 5 REIR 2 Al i i, REfeida i i
MR, KIEEHE, ERMAIRIATHA MRERS , AR R E N4 P I P RS 1l )

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

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

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,

1.5. B& 9
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they are not the same: the Python objects represent the last exception being handled by a Python try ... except
statement, while the C level exception state only exists while an exception is being passed on between C functions until
it reaches the Python bytecode interpreter’s main loop, which takes care of transferring it to sys.exc_info () and
friends.

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

As a general principle, a function that calls another function to perform some task should check whether the called function
raised an exception, and if so, pass the exception state on to its caller. It should discard any object references that it owns,
and return an error indicator, but it should not set another exception --- that would overwrite the exception that was just
raised, and lose important information about the exact cause of the error.

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

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

TN W N BRSO C AR :

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)

(Rt
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goto error;
rv = 0; /* Success */
/* Continue with cleanup code */

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item);

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

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

1.6 #& A Python

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

The basic initialization function is Py ITnitialize (). This initializes the table of loaded modules, and creates the
fundamental modules builtins, __main__,and sys. It also initializes the module search path (sys.path).

Py_Initialize () doesnotsetthe “script argumentlist” (sys.argv). If this variable is needed by Python code that
will be executed later, it must be set explicitly with a call to PySys_SetArgvEx (argc, argv, updatepath)
afterthe callto Py_ Initialize ().

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

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

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

Sometimes, it is desirable to "uninitialize” Python. For instance, the application may want to start over (make another call
to Py_TInitialize ())or the application is simply done with its use of Python and wants to free memory allocated by
Python. This can be accomplished by calling Py FinalizeEx (). The function Py _TsInitialized () returns
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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 iEifa@

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

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

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

B T RIS ORI A, BT AT MG A
o BUHMEATRFR B XG50 BlAs o
o BHAMRS ARSI B TR R g
o R NSRRI ) A AU 1) R IR R R TR .
s FEWFHIRMEIFHMEGLI . o, EEMNRFE test_c_api () Fik.
o B ASEURN SRR AR I B HESE 1
o [ E AP TERAEA WG RE R AE,  DASRTARAS R AT IR A e i 5 T
o USRS ER BRI S 1 4 A 2 R AUML R s A7 I v
o WIMASMNYKL A E)] arena N AFSEIL
o USIER MRS LA
X B BRI TR A A A

Defining Py_TRACE_REFS 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.

B REZFHAME L, 1§25 Python JF LAY Misc/SpecialBuilds. txt .
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CHAPTER 3

The Very High Level Layer

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

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

Note also that several of these functions take F ILE * 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
arge and argv parameters should be prepared exactly as those which are passed to a C program’s main () function
(converted to wchar_t according to the user’s locale). It is important to note that the argument list may be modified
(but the contents of the strings pointed to by the argument list are not). The return value will be 0 if the interpreter
exits normally (i.e., without an exception), 1 if the interpreter exits due to an exception, or 2 if the parameter list
does not represent a valid Python command line.

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

int Py_BytesMain (int argc, char **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 0.

15
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int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
This is a simplified interface to PyRun_AnyFileExFlags () below, leaving the flags argument set to NULL.

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
If fp refers to a file associated with an interactive device (console or terminal input or Unix pseudo-terminal),
return the value of PyRun_ InteractiveLoop (), otherwise return the result of PyRun_SimpleFile ().
filename is decoded from the filesystem encoding (sys .getfilesystemencoding ()). If filename is NULL,
this function uses "2?27?" as the filename.

int PyRun_SimpleString (const char *command)

This is a simplified interface to PyRun_SimpleStringFlags () below, leaving the PyCompilerFlags*
argument set to NULL.

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

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

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

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

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

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

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

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

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

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

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

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

int (*PyOS_InputHook) (void)

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

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

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

T 3.4 iR P The result must be allocated by PyMem RawMalloc () or PyMem RawRealloc (), instead
of being allocated by PyMem Malloc () or PyMem_Realloc ().

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

Deprecated since version 3.9, will be removed in version 3.10.

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

Deprecated since version 3.9, will be removed in version 3.10.

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

Deprecated since version 3.9, will be removed in version 3.10.

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.

Deprecated since version 3.9, will be removed in version 3.10.

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.

Deprecated since version 3.9, will be removed in version 3.10.

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, PyCompiler-
Flags *flags)
Return value: New reference. Execute Python source code from s 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.
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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 *locals,
PyCompilerFlags *flags)
Return value: New reference. This is a simplified interface to PyRun_FileExFlags () below, leaving closeit
set to O.

PyObject* PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *lo-
cals, 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.

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, or Py_single_input. The filename specified by filename is used
to construct the code object and may appear in tracebacks or SyntaxError exception messages. This returns
NULL if the code cannot be parsed or compiled.

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

3.4 B fE.

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

3.2 B fE.

PyObject* PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
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 evalua-
tion. 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
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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 addi-
tional 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.

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

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 ().

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

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

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

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

int cf_flags
Compiler flags.

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

The field is ignored by default, it is used if and only if PyCF_ONLY_AST flag is set in ¢f_flags.
T 3.8 IRE M 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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PA T BROBC B AL T FE R ORE AR % 0 W B 68 _Py_Dealloc(), _Py_ForgetReference (),
_Py_NewReference () PANERASHE Py _RefTotal.
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CHAPTER D

FELE

AFERGIR ) R ECRHE AR AL BRANfil & Python 4. T fiff—4¢ Python S35 A EE AR R R EHM . BT
YEIRPEA % POSIX [f) errno Af it (N EAR) A —NEmfdnaiemiol KA R K28 CAPLEK
BARSTERINN A S, HSTER I BB E ORI R ERI IR . 2450 C APL AR [ — N IR RS
MR EAIN %R E—A4 455, WERE NULL, IR B, WERE -1 (F4h: PyArg_* () BREUEI
R[] 1 2 sk E] 0).

AR, FIRIE RS ARG A TR RE, B E, RIS R IR E,
ﬁ%ﬁ?%ﬂu%NML(E%—%ﬁéﬁ%ﬁ%,%W,W%Eﬁ%ﬂ%NML,%K%ﬁ~¢#NmL
17 )

—A R R T E YA B BB MM A 5T R O, Gl A S BCEAE DRSBTS R B 2 48k
BT ME AT RIS L, R B HAA A RIS m (i R s N A2 ie) 4
RAMERT AL, W RV IR HIAREL . WA d SR ], IR A —E B R e fE 1
BTG MUREFIR DA IS ARV O %1%, XF Python/C APT e i T BEA A TUAYAT N, IF HoalhES
PASE R AR ) 7 R I

MR FHRIERAS AL sys.exc_info () BIIITEIR. BIE M M AN A (CrEieeef), mis
FAERPR R GRS H (R C2E Ik e ) .

5.1 ITEFO;HIE

void PyErr_Clear ()
IR RIS WREARER R, WALEEN.

void PyErr_PrintEx (int set_sys_last_vars)
FEREHTEN S sys . stderr HIFIREERIE R . BRI RE SystemExit, XMIFIL T ALITH
Ml ERE, H2xiRH Python 5%, /R systemExit SEHIFEE A IR,

FUEAER DRIE /N5 DO I A7 SR X e, 15 05X 2 e B3R!
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W5 ser_sys_last_vars JEZE, N|AFH sys.last_type, sys.last_value fll sys.last_traceback
Ko s BT B S I 2R3, (R el

void PyErr_Print ()
PyErr_PrintEx (1) HH|4.

void PyErr_WriteUnraisable (PyObject *obyj)
15 FH 24 B S50 obj 22808 sys.unraisablehook () .
ME TR, BRI RESE PR A S B, XSS BB sys . stderr FTEI—MEE(E
B Bltn, 24 del () A A S E I XA R AL
SRR EUE ] B SH oby AT, IS BRI AT RE R ER S0 WEARTTEE, oby HYREHF
FTETEE S B

A JH L PR O L TR B — S S

5.2 filth &%

XL PR AT B AR B AT AR B D s e O TR, — e B IR AR u] NULL 5%, DAEIT

return 1A,

void PyErr_SetString (PyObject *type, const char *message)
R EERERSRE AN TR B SHEERFRI ElFERRERT L —, eg
PyExc_RuntimeError. IRATFEMMERNTINE. HoNSHREREL, EM5HE 'utf-8".
void PyErr_SetObject (PyObject *type, PyObject *value)
BRI T PyErr_SetString (), HRAVIRNAHE “E” $HEMLE > Python Xf42.

PyObject* PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. X DR E T — PRI /8 28 9 H iR [A] T NULL, exception [
Y02 — A~ Python W1 [y S5 5 K. formar FIFE J5 WK 2 28 g XX A H R E B B
HpPyUnicode_FromFormat () A HMIFEIME LFUE. format j&—A~ ASCII ghty ¥) 7455

PyObject* PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. flPyErr Format () #[E, (BEEZ—14 va_list REWSEMAER]
AR SR

3.5 B fE.

void PyErr_SetNone (PyObject *type)
X4 PyErr_SetObject (type, Py_None) W5,

int PyErr_BadArgument ()
X4 PyErr_SetString (PyExc_TypeError, message) WG, HH message 8 T IEES
BN ERE. R TN EA.

PyObject* PyErr_NoMemory ()
Return value: Always NULL. X & PyErr_SetNone (PyExc_MemoryError) W5 ; BikE NULL , PA
{24 NAFFERE, SR ADECRE PAE return PyErr_NoMemory () ; .

PyObject* PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. &2 MEFERR KL, 24 C FEpRAGR BRI ICE errno B, XA eRES A
S EME—ATEHEXR, KRR errno, BB _IUZMHVEHRIEE (M strerror ()
L) , S5 PyErr_SetObject (type, object). FE Unix I, 4 errno {HiZ EINTR , HJI
W RS, XKV PyErr CheckSignals (), WIRBCE 7RG AS, WPRFHE
BN ZEREUKILIR A NULL R R G R (RS R, PR 58 2R G0 1) 68 ok 80T DA A

return PyErr_SetFromErrno (type);.
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PyObject* PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameObject)
Return value: Always NULL. 28{\ T'PyErr SetFromErrno () , MEMEFTRE R filenameObject 1K
NULL , ERVENSHE = SEUELEL type I KA. 255, 1E OSError W, filenameObject
R e i SE I £1lename @M.
PyObject* PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)
Return value: Always NULL. 25| T PyErr SetFromErrnoWithFilenameObject () , {HIEZEHE A

filename X154, T 24—A~E2 W4~ filename (1) pR & IO & 45515
3.4 RN EE.

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. Z2{))F PyErr_SetFromErrnoWithFilenameObject () , {H3 {4 PA C
FAHRIER G . filename jg2 N\ SUIF RGeS (os . fsdecode () ) MRS HI KA.

PyObject* PyErr_SetFromWindowsErr (int ierr)
Return value: Always NULL. iX 32 fjh % WindowsError M) 18 £ K 2. W H lerr 25 0, WM
P F GetLastError () iR [H W& iR LS. & ¥ Win32 pH ${ FormatMessage () & &
ierr B, GetLastError () %5 & M4 i M4 15 1) Windows i i, R JGM & — N Hx %, H
% — T2 derr fH, 5B TE MMM IRE S (M FormatMessage () KH) , A JFH A
PyErr_SetObject (PyExc_WindowsError, object) . ZREUKILIRE] NULL .

B] F 4 Windows .,
PyObject* PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value: Always NULL. 25{)| T PyErr_SetFromWindowsErr () , BiAMAISETE & fih k1) Ra& 2
A,
u] H 4 Windows,
PyObject* PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)

Return value: Always NULL. 250/ T PyErr_SetFromWindowsErrWithFilenameObject () , {HiZ

filename J2DA C FRFEREERGA Y. filename 2N RG0S (os. £sdecode () ) fRIGH R N
B] F M Windows .,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyOb-
Ject *filename)
Return value: Always NULL. Z2{))F PyErr_SetFromWindowsErrWithFilenameObject () , &i4hZ
Bt e B R ) R A
u] M Windows .,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyOb-
Ject *filename, PyObject *file-
name2)

Return value: Always NULL. Z8{) T PyErr SetExcFromWindowsErrWithFilenameObject () , {H

ERis2 5 ) filename X4, B
] M Windows.,
3.4 B fe.

PyObject* PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char *file-

name)
Return value: Always NULL. 25{0) FPyErr_SetFromWindowsErrWithFilename () , #iINSEIGE

U R ) SRR R
w] H M Windows,

52. H%&E 25
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PyObject* PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. 3% 2fh /% ImportError [{EHERE . msg FFoi N F w1 TE S5 . name
M path , (FFA[PAKH NULL ), ¥ RWRE ImportError %W JEM: name il path,

3.3 B fE.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
BCEYHI R SCE, ATFIRFS S . WER MR F A E syntaxError , WEBREBIMIEN,
E%TTEH%%%IAﬁﬁﬁ% SyntaxError,

3.4 B fE.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
YpPyErr SyntaxLocationObject () 22, H2 filename BN /RG9S (os.fsdecode () )
RIS ) — AR

3.2 B fE.

void PyErr_SyntaxLocation (const char *filename, int lineno)
5PyErr SyntaxLocationEx () 28, {HEWE T S%L col_offset,

void PyErr_BadInternalCall ()
X2 PyErr_SetString (PyExc_SystemError, message) W4E5E, H W message Fn i Tk
ESEH R NFERAE (B, Python/C APT pR%k) . B BT WA

5.3 AHHES

XL FCTAM C B A 3. EATI07 8 T iy Python Ft warnings S BIRLL s K. BT % 16
sys.stderr §THI— 25455 R 8%, A TREC K48 R B e o B, XA 0L, B TR
S WA TR T B EALE B, (R B A . SRBCA A R, R IBHEN 0 5 ARk
H L OREEN -1 (JCiEmsE R B LT B T8 E R, ICTERRE b A m I SRR 2 ). B
filke 7w, PR E AT IE R B R (BN, Py _DECREF () FA 5| FFIR I —HHRAE) -

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Kt — M EEE R S5 category J2— M50 (W) B NULL 5 message ;& —> UTF-8 %fith
M) FAFH o stack_level J2—A25 AR WIEC R IR0 55 Mz w4 5l EAE AT RS T & .
stack_level 3 1 /2 PyErr_warnix () WL, 2 R7EMZ Bk, DA,

AL R PyExce_Warning 1328, PyExc_Warning &£ PyExc_Exception HJ135; BRIAZE
HAH)& PyExc_RuntimeWarning . FRiff Python 525/ & a8 & nl i, Fra HAFRILAR/E L

EEA
A RESERNFELE, SUBHI warnings Far-SF7 30 PR -w I, B0A &S EHI C
API,

PyObject* PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name, Py-
Object *path)
Return value: Always NULL. fPyErr_SetImportError () R, HX PN EE L4 E—41
ImportError T2kl % .

3.6 BN RE.

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

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

3.2 B fE.

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

3.6 BRI HE.

5.4 EiFEIRIEREE

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

I AR A GIL o

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

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

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
Return true if the given exception matches the exception type in exc. If exc is a class object, this also returns true
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);

5.4. BEEIRIERE 27
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void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback)

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

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

void PyErr_NormalizeException (PyObject**exc, PyObject**val, PyObject**tb)

Under certain circumstances, the values returned by PyErr_Fetch () below can be "unnormalized”, meaning
that *exc is a class object but *val is not an instance of the same class. This function can be used to instantiate the
class in that case. If the values are already normalized, nothing happens. The delayed normalization is implemented
to improve performance.

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

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

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

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

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

3.3 B

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

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

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

3.3 B .
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5.5 E54bE

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 SIGINT will be called.

5 Python Y% AL signal. SIGINT CREi& A signal.SIG_DFL B signal.SIG_IGN), IHE%EL
FEAATAT =R

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

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

15 3.5 UM 75 Windows |, ol BOHAE B SRR B e b B

5.6 Exception 3

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. MPyErr NewException () —FE, [T W DARRINHBLE Hi i R —1 ¢
RIFARH AR doc JRIEARES, B IER R SO A7

3.2 B fE.
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5.7 FEMR

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

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
g S SRR T BEE A b o (] “Py_None“VERRE

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 ctx. Use NULL to clear it. There is no type check to make sure that
ctx is an exception instance. This steals a reference to ctx.

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

5.8 Unicode &= {5k

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 aUnicodeDecodeError 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 aUnicodeEncodeError object with the attributes encoding, object, length,

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

33 G E MR 3.11

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

PyObject* PyUnicodeTranslateError_Create (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 UnicodeTranslateError object with the attributes object, length,

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

33 A E AR 3.11

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

PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)

30 Chapter 5. RE4IE
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PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. 1R [B1 45 € S T4 1) encoding JE1k

PyObject* PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. 12 B 45 & S X 21 object J& 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)

PyObject* PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. 1% [A| 45 7€ S X TR 1) reason JE1

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 O on success, —1 on failure.

5.9 IR

These two functions provide a way to perform safe recursive calls at the C level, both in the core and in extension mod-
ules. They are needed if the recursive code does not necessarily invoke Python code (which tracks its recursion depth
automatically). They are also not needed for #p_call implementations because the call protocol takes care of recursion
handling.

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

If USE_STACKCHECK is defined, this function checks if the OS stack overflowed using PyOS_CheckStack ().
In this is the case, it sets a MemoryError and returns a nonzero value.

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

where should be a UTF-8 encoded string such as " in instance check" to be concatenated to the
RecursionError message caused by the recursion depth limit.
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FE 3.9 R s ¥4 This function is now also available in the limited API.

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

JE 3.9 MU P This function is now also available in the limited API.

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

int Py_ReprEnter (PyObject *object)
Called at the beginning of the 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 imple-
mentation should return a string object indicating a cycle. As examples, dict objects return { ...} and 1ist
objects return [...].

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

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

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

510 IrERE

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

C &R Python &#R EX s
PyExc_BaseException BaseException (N
PyExc_Exception Exception (D
PyExc_ArithmeticError ArithmeticError (D)
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

TTU4keE
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R1-ZEW

C &R Python Z#R EZ L]
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 (1)
PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError 2)
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclIteration StopAsyncIteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError
PyExc_UnicodeDecodeError UnicodeDecodeError
PyExc_UnicodeEncodeError UnicodeEncodeError
PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateError UnicodeTranslateError
PyExc_ValueError ValueError
PyExc_ZeroDivisionError ZeroDivisionError

33 Hr iR I fE: PyExc_BlockingIOError, PyExc_BrokenPipeError,

PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PyExc_FileExistsError,
PyExc_FileNotFoundError, PyExc_InterruptedError, PyExc_IsADirectoryError,
PyExc_NotADirectoryError, PyExc_PermissionError, PyExc_ProcessLookupError and
PyExc_TimeoutError fZEHN N PEP 3151.

3.5 #FiRIEE: PyExc_StopAsynclteration fil PyExc_RecursionError.
3.6 FRIEE: PyExc_ModuleNotFoundError.

XL RS MER4 PyExc_OSError:

C &R R
PyExc_EnvironmentError
PyExc_IOError

PyExc_WindowsError 3)

T 3.3 RSB 3K L5144 1 e B Y S i 282
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W
(1) %

T AR IE ST 2R

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

511 FREEHES

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

C &R Python Z#R E s
PyExc_Warning Warning @))]
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 FRIEE: PyExc_ResourceWarning.

R

(1) X2 H AR 2RI L .

34
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6.1 RIERFHER

PyObject* PyOS_FSPath (PyObject *path)
Return value: New reference. Return the file system representation for parh. If the object is a str or bytes
object, then its reference count is incremented. If the object implements the os.PathLike interface, then
__fspath__ () is returned as long as it is 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_InteractiveFlag is true, this function

also returns true if the filename pointer is NULL or if the name is equal to one of the strings '<stdin>"' or
15901

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.

#eMe: 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
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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.

g fe: 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

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.

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

3.7 B ge.
YR

=

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 i )G E#Z K4 This function is superseded by Py0OS _AfterFork_Child().

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

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

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

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

Encoding, highest priority to lowest priority:
¢ 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;
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* ASCITI if the LC_CTYPE localeis "C",nl_langinfo (CODESET) returns the ASCIT encoding (or an
alias), and mbstowcs () and wcstombs () 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

Return NULL on decoding error or memory allocation error. If size is not NULL, *sizeissetto (size_t) -1
on memory error or set to (size_t) -2 on decoding error.

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

The PyUnicode_DecodeFSDefaultAndSize () and PyUnicode_DecodeLocaleAndSize ()
functions.

3.5 B Ise.
JE 3.7 IR The function now uses the UTF-8 encoding in the UTF-8 mode.

¥E 38 M FE MW 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 characters
in the range U+DC80..U+DCEFF are converted to bytes 0x80..0xFF.

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

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

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

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

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

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

The PyUnicode _EncodeFSDefault () and PyUnicode_EncodeLocale () functions.
3.5 B IIHE.

T 3.7 Fit 5 2 The function now uses the UTF-8 encoding in the UTF-8 mode.

£ 3.8 it WO The function now uses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlag is zero;
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6.2 RGiThAE

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

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

int PySys_SetObject (const char *name, PyObject *v)
Set name in the sy s module to v unless v is NULL, in which case name is deleted from the sys module. Returns 0
on success, —1 on error.

void PySys_ResetWarnOptions ()
Reset sys.warnoptions to an empty list. This function may be called prior to Py Tnitialize ().

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

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

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

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

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

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

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

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

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

3.2 BRI HE.

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.
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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.

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

1 3.8.2 ilRE L Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation warning
was raised.

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

userData F55T 29545 N BT R T8 FBRET BB I AR iz A TR, A8 61N Y B 248 1] Python
RIS
This function is safe to call before Py_Tnitialize (). When called after runtime initialization, existing audit

hooks are notified and may silently abort the operation by raising an error subclassed from Exception (other
errors will not be silenced).

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

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

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

6.3 TR

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

The Py_FatalError () function is replaced with a macro which logs automatically the name of the current
function, unless the Py_L.IMITED_AP I macro is defined.

F£ 3.9 MCE P Log the function name automatically.
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void Py_Exit (int status)
Exit the current process. This calls Py_FinalizeEx () and then calls the standard C library function
exit (status).If Py FinalizeEx () indicates an error, the exit status is set to 120.

TE 3.6 JiR FE ¥R : Errors from finalization no longer ignored.

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

6.4 SR

PyObject* PyImport_ImportModule (const char *name)
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.

ZEREUR R R AR A

PyObject* PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. % REZPy Import_ImportModule () H—HFEHII R4 .

7£ 3.3 iR L This function used to fail immediately when the import lock was held by another thread. In Python
3.3 though, the locking scheme switched to per-module locks for most purposes, so this function’s special behaviour
isn’t needed anymore.

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

__import__ (), asthestandard __import__ () function calls this function directly.

The return value is a new reference to the imported module or top-level package, or NULL with an exception set

on failure. Like for __import__ (), the return value when a submodule of a package was requested is normally
the top-level package, unless a non-empty fromlist was given.
3.3 B e

PyObject* PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals, PyOb-
Ject *fromlist, int level)
Return value: New reference. Similar to Py Import_ImportModuleLevelObject (), but the name is a
UTF-8 encoded string instead of a Unicode object.
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TE 3.3 fH 2 Negative values for level are no longer accepted.

PyObject* PyImport_Import (PyObject *name)
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__ () functionfromthe __builtins_
of the current globals. This means that the import is done using whatever import hooks are installed in the current
environment.

R S X B 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, and if not, create
a new one and insert it in the modules dictionary. Return NULL with an exception set on failure.

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

3.3 BRI HE.

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

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

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 dangerous,
as imports of such modules have no way to know that the module object is an unknown (and probably damaged
with respect to the module author’s intents) state.

The module’s___spec___and ___loader__ will be set, if not set already, with the appropriate values. The spec’s
loader will be set to the module’s __1oader_ (if set) and to an instance of SourceFileLoader otherwise.

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

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

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

See also Py Import_ExecCodeModuleEx () and PyImport_ExecCodeModuleWithPathnames ().

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

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

3.3 Hrge.

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

char *pathname, const char *cpathname)
Return value: New reference. Like Py Import_ExecCodeModuleObject (), butname, pathname and cpath-

name 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 B fE.

TE 3.3 WU P 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.

1 3.3 JOEHC: 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, possibly by
fetching it from the sys.path_importer_cache dict. If it wasn’t yet cached, traverse sys .path_hooks
until a hook is found that can handle the path item. Return None if no hook could; this tells our caller that the
path based finder could not find a finder for this path item. Cache the resultin sys .path_importer_cache.
Return a new reference to the finder object.

int PyImport_ImportFrozenModuleObject (PyObject *name)
Return value: New reference. Load a frozen module named name. Return 1 for success, 0 if the module is not
found, and -1 with an exception set if the initialization failed. To access the imported module on a successful load,
use PyImport_ImportModule (). (Note the misnomer --- this function would reload the module if it was
already imported.)

3.3 B Use.
JE 3.4 JRFEYL: The _ file_  attribute is no longer set on the module.

int PyImport_ImportFrozenModule (const char *name)
Similar to Py Import_ImportFrozenModuleObject (), but the name is a UTF-8 encoded string instead
of a Unicode object.
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struct _frozen
This is the structure type definition for frozen module descriptors, as generated by the £reeze utility (see Tools/
freeze/ in the Python source distribution). Its definition, found in Include/import.h,is:

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

bi

const struct _frozen* PyImport_FrozenModules
AR AR FE ] struct _frozen $4H, PANULL 83 0 /NS HRARIC. 24— ARSI S
A, BEIREAEXARPE R 5B =07 AT ALAR S B S B @ i AR 5 B e 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 be
imported by the name name, and uses the function initfunc as the initialization function called on the first attempted
import. This should be called before Py Tnitialize ().

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

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

bi

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

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

6.5 ¥ B marshal I{EX#F

XEEBIRE FLVF C AUHAL LS marshal BEHLAT AR BRSNS G o Hod oAy L s J0nT IR IF R S
AR FPAIERE S, 55— L2 s O] AR HOF R EiE . T 474 marshal %ifs ) SCHF a5 A — 3t il A X
19t

BOAHEAEAF I SR B ARG 1 RT3k o

DA SZ R AR RS SURCAS 5 0 RO BT S RAR, 56 1 WA & 7E SC{4- A1 marshal S 75146 i L = E L Y F
ﬁ%o 55 2 HRAR SR S Al b iA% . Py_MARSHAL_VERSION 8 T 451 SCHAHIAE X (Y RTHUE N
2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
A4~ Long HEEY value DA marshal #5305 A fileo XK RE A value FAKK) 32 5 JLIEAHL Long 287
AT o version $5 W] SCIFHE XY IRAS o
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void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
J§—~ Python %% value A marshal $8 . 5 A file, version ¥&8 X&) A

PyObject* PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. 1& [B]—A~34 value F{) marshal FR A FITEEXTR . version 35U 4%
I HRAS o
PA'F BR BV RO PRI A7fift hy marshal 4% {E .
long PyMarshal_ReadLongFromFile (FILE *file)
MITFF AT FILE* B B AR ik [l — C long. (1 H R BB 32 i HME, TCieAsAl
long AR N,
RAGRRN, RFBREE S5 (EOFError) Hk[E] -1,
int PyMarshal_ReadShortFromFile (FILE *file)
MFTTHFIEEUY FILE* AN M BdE AR B4~ C short . i LR GEIEEL 16 M {E, Toitas
Pl short FERFK R,
KAGRRN, FBREE 57 (EOFError) Hak[] -1,
PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. N\F1 T T3ZEUAY FILE* [T N 2038 7R [l —4~ Python X4,
KAFEARE, R EE S P R (EOFError, ValueError B TypeError) iR [H NULL,

PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. M FT IV T2 B FILE* %5 N B8 i 4% 9] — > Python %f 4. A [H]
T PyMarshal ReadObjectFromFile (), WHREEE A FMZ S ERCEZ BI04, iR
SCURER R AR Z A A, DASE S7 81 A B v DATE YA A Bt B 45V i A & B M SO B — A
AT HUA MR AN 23 A SR SEERT A Py 25 ) ] i T
KA R, BIREE 4R (EOFError, ValueError B TypeError) JfiR 5] NULL,

PyObject* PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. MAL-5 5 0] data 1) len A~ ) 575 G2 v DX 3N} B 19 250805 3 2% [B]— 1> Python
POE

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

6.6 EQMEREERF

XL R B BITHAR F O R BN B K. S 2 U DA S S ] 225 B SCRS Y extending-index /N

XL pR B A W B = A, PyArg ParseTuple (), PyArqg ParseTupleAndKeywords (), VA
KpyArg pParse (), BEATERE N #& X AL F #F & K RF o8 BOW 17 09 2 805 700K . I 28 ok B0HR 1 A1
[ HEE AL A% A AT R
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6.6.1 BEIT S

—AFAL PR 0 B E X AR L. — MRS IC R IEA —4 Python X5 Bl & — 17
FFEE G SRR R ITP S B T ARBISN, — AR 51 A 2 BTGl 0 X 28 o K Ay
NI SR AR RIE T, WG SN ZEAREFIC BES O WX X% TR
Python X RAKH; Trfis [1 Wi feidny C A8ht (ide) Je2.

FHBNEER

ok B ARV R G 3 B SR ) N AFHIE AT 1) o AR b ZEHRIER 7] Y unicode P45 538 7715 X 1 R iR
BARLAE

— R, MR BEE RS N X, XA R X A] PAREAR B Y Python XF 445 B, I HaxX A~
Genp RALEEX AT R AE AR . IRARF BN B RERAT A NAEZS 0] . R TiXEE es, es#, et and et #.
SR, Y—A Py _buffer GEMPIRIE, HALSHIZErh KEBIE, BT AV E A 56 XA Zep X, BIAE
FEPy_BEGIN_ALLOW_THREADS Htrf, W] DAakGe v AR Kt PR A R e I /INal 35 i S8 s SR i XU . R tE, AR
AEAW PyBurfer Release () FEARGE REHIAL PRI (B0&7E 2 BiATAR o Wr =44

AR AV, B X BEARSPAZS AR,

sk SRR 2 B2 bytes-like object, IR EFREN T AR G ip XG50 . i il R EEX R PyBuf ferProcs.
bf_releasebuffer FEEE N NULL ELKIEVER, ZFEARH N bytearray IXFERI TSN 4 .

HfR: A # kWA (s#, v#, F%), KESHET (B 3 py_ssize_t) fEfLH Python.h
K2 il PY_SSIZE_T_CLEAN X il WX Z29iE X, KE 21 Py_ssize_t Python
TER/NEBIM AR —A int BAL, FEARAY Python A HRFS00As , NS HF Py_ssize_t MG 3CHF int
B, RiF—HE X PY_SSIZE_T_CLEAN X%,

s (str) [const char *] 4~ Unicode X G454 il — A8 M FAFER R C $8%F. —N8EHE I — N E SEAFEN
T, XNFARAEN A NN PR A . C AR EESE RN . Python PAFEEANGEM &
AR TR S R i, —4 valueError BiEa9ig| k& . Unicode $f R ALY 'ut£-8" 95
B C F4Fe . WERFEH RN, —4> UnicodeError BHH5I K.

s XAFRIBAK AN Z bytes-like objects . QIR Z U R BRI ENERALK C F4FH, @l
i os FixXAEPyUnicode FSConverter () {EH 1033,

T 3.5 e AR, 24 Python 47 H rPil 2 T ik ARy null A% &5 [% TypeError .

s* (str or byfes-like object) [Py_buffer] iX 35701 :5% Unicode ¥4 32 24 KB4 . & i iE A
TRt Py _buffer Z5MIRIE. XHERN C FAFRTREE Sk AR NUL 5477, Unicode X4 i
"ut £-8" LA C FAFER .

s# (str, Hifibytes-like object) [const char *, int or Py_ssize_t] 1§ s*, [R T EREZSBHINNS . G50
EEERIA C AR g, H—AN248 M C ERFRINIRE, £ MR EMEKE. PR RS IRAN null
F7 . Unicode X RERWGET "ut £-8" gufib b C F4FH:

z (str or None) [const char *] 5 s 24{p), {H Python Xf 4t 7] gy None, FEXFEI T, C IREHEE N
NULL,

z* (str, bytes-like object or None) [Py_buffer] 5 s* J5{), {H Python X} Rt 1] §E°H None, FEXFFHMIT,
Py_buffer ZEMI buf B A E N NULL,

z# (str, Hifibytes-like object B}, None) [const char *, int 3} Py_ssize_t] 5 s# 25, {H Python %4t 1] g
N None, TEEFEHLT, C 484 E N NULL,
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y (read-only bytes-like object) [const char *] X ik z G — N IFATRBIXT R AR — MR A1 C 48
BFs EANEEAZ Unicode %42 FATEAF KU AR null 2455 AREALE T null £97, &51%—
/~ValueError B4,

TE 3.5 U R PART, 475 genp KAiB 2| T AR null #4522 5| % TypeError .
y* (bytes-like object) [Py_buffer] s* 785X, 52 Unicode Xf5, N2 B0 &, o852 k]
y# (M ifibytes-like object) [const char *, int B Py_ssize_t] s# 45, 13252 Unicode %5, Kz
S (bytes) [PyBytesObject *] ZZ3k Python X152k bytes X4, A2l TAiEd. R ZXTE AN bytes
Y55k TypeError. CAREWM AR APyobject * A,

Y (bytearray) [PyByteArrayObject *] 35K Python X[4: 4 bytearray X%, ANl AR] i, a0
FMEAN bytearray MRMEG|K TypeError, CASRWM AP Pyobject * AL,

u (str) [const Py_UNICODE *] f—~ Python Unicode X} 5 %At ii{#g ] — > PAZS & 1R Unicode “FAF 4z i X
HIFEEr . ROAZIfE A—/Py_UNICODE ¥g4FAF bl , 176 T — A48 B ZA77ERY Unicode 2811 [X
HIRE . THER— APy _UNICODE ZEBYAFAF I BT g e It (16 753 32 fi7). Python FEfFH
MR RE R S AR null AAHE 555 WA, 5% —> valueError {i.

TE 3.5 IR ER: PART, 24 Python FEAFER Hi 2] T g AW null fAHS 5 25| & TypeError

Deprecated since version 3.3, will be removed in version 3.12: X & IH k2 Py_UNICODE API,; i i #
FPyUnicode_AsWideCharString().

u# (str) [const Py_UNICODE *, int 8 Py_ssize_t] u 2=, 7R C 25, & PMeEHgm—4
Unicode HHEZATX, 8 A2 ENEKE. Bl null 155,

Deprecated since version 3.3, will be removed in version 3.12: X & IH Kz Py_UNTCODE API,; i iF %
FPyUnicode_AsWideCharString().

Z (str uf None) [const Py_UNICODE *] 5 u 2, {H Python X} 4 i 7] fE °h None, 7EiX Fi ¥ &
NPy_UNICODE 3841i& & H NULL,

Deprecated since version 3.3, will be removed in version 3.12: X & IH Mk z\Py_UNICODE API; i i #%
ZPyUnicode_AsWideCharString().

Z# (str B None) [const Py_UNICODE *, int 8 Py_ssize_t] 5 u# J5l, {H Python %} £ LA HE N None,
TEXFME DL~ Py_UNTCODE 4841 4 NULL,

Deprecated since version 3.3, will be removed in version 3.12: X J& IH K2\ Py_UNTCODE API; i i %
FPyUnicode AsWideCharString().

U (str) [PyObject *] %3k Python X{4 A Unicode X4, AN AL 5440, AR %X A A Unicode X5
M£5|% TypeError, CAFEMWW PRI NPyObject *,

w* (W[ %5 bytes-like object) [Py_buffer] iX > 3RiE X2 ARAT LI B A KB O WX SR, B AR HE
PPy _burfer G5HNRAE . 8ol X ] GEAFFE I AR null S35, 4 S8 X 56 I o8 3 7 220
HPyBuffer Release().

es (str) [const char *encoding, char **buffer] s (252, ‘B¥F4tE )51 Unicode FRAEA TR EMX ., BEH
AEFRVA ik NUL 1918 E G A A «

AT EWASHL. B DOUIERA, I BN const char*, BHi[—4LA NUL £
PR A2 B, B NULL, ORI utf-8" Fifdika. 414 Python JoikiH silH)
GRS 5I KT S EULIUN char s BETGREHER RO A SO
WA X . SCARFAS — SR 1 1 4 s A T2 A
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PyArg_ParseTuple () rHRE—ANEMEK/INKZE X, 545 5 J5 i) B 75 DB G K Hid
”Z;uﬁ”er FUHEA BB A7 23 (8] o A SRR SR Pyem_Free () ZRERE LI HL 4%
X,

et (str,bytes or bytearray) [const char *encoding, char **buffer] F1 es fH[F], % T A M EHMEE AR
FRENS . MR, BREEANSER WG 2,

es# (str) [const char *encoding, char **buffer, int 5f Py_ssize_t *buffer_length] s# Y2, BRE 4t
() Unicode “FAFAEANFIFEZ MK . MR es ik, B ARVFEAREHE DS NUL F4F.

EHFREZABH B MUNMER A, I HYUH0H const char*, Bif—MRiGER4F, B Hh
PA NUL S5 FAFH B NULL, FEJ5—FEOL R Tut£-8" gl AR iR oik
B Python PRI S5 K. 5 —ABEUAUN char**; ERGIHRHREHERF RN T A SHOCR
WARRIZ P IX o SCARFF DA — S ROUT 8 E 1 G A% SNl T b o 56 =B R AU i 1] — A R
TREE WG DN IR BCR s oA th e X 78

A PR

WK *buffer 710 NULL $55F, W pRECR - FC el /MBI Ze X, R34 B9 9 50 52 h B st Zep X, 33
B *buffer PAGITH BRI AEAE . RIS SASTR I Py Mem_Free () DATEREI SR LAY G X

WA *buffer $5179E NULL F54F (0 EHZEMNIX), WPyArg ParseTuple () R A E1E b
X, FHHKE *buffer_length MIRIIRIEMRER ZMIX KN, KI5, BRI EERIZ W2 Znh X, HF4 Ik
To WRZX ALK, KFitE 1 ValueError,

TEXPABITH, *buffer_length YU E 0 i 545 A NUL SRR R .

et# (str,bytes 1§ bytearray) [const char *encoding, char **buffer, int B Py_ssize_t *buffer_length]
Mes# M, BrTAMERDEANTRENR. M, BEREEANSHR 5GP AR,

=
b (int) [unsigned char] F—/~E 1 [ Python AUV B — A TEAF S IR R, f7ffE—1 C unsigned
char R,

B (int) [unsigned char] *f—> Python $HUEE AL il —AMRCRE ALK A ) F) 8, fFAififE—1> C unsigned
char 258,

h (int) [short int] —~> Python #&AI%EAY jfi— 1~ C short int JHI&R,

H (int) [unsigned short int] —> Python 3£ {k )i —14> Cunsigned short int TFFSEER HA
AT Vi 1 17 R

i (int) [int] $f—/> Python ZERIFLLL Y —> C int BEHL,

I (int) [unsigned int] *ff—> Python BERYELY i~ Cunsigned int JEfF58EAL, FHORKA i .

1 (int) [long int] $f—> Python &ALV i—4~ C long int KIEAL,

k (int) [unsigned long] }f—~ Python ¥ #I%£ (L ii— > C unsigned long int AT KM HAKE
i 4 )R

L (int) [long long] ¥§—> Python A4 if—1~ C long long KKHEAL,

K (int) [unsigned long long] Kf—-~ Python &R L4k ii—14~ C unsigned long long LS5 K KR I
ANKG A Yo H 17

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

c (bytes #{# bytearray KJ§h 1) [char] f—> Python “F57 KA, — KN 1 1) bytes B #H
bytearray X%, #—4> C char FAFHAL,

TE 3.3 I f2F bytearray KRBTSR,
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C(str KJEA 1) [int] ff—> Python “F4F, UI—MREEN 1 HY str FRHEPXIIR, BALM—4 C int BAE
A,

£ (£loat) [float] K§—> Python 7% i ZUE LB —1> C float ¥F %K.
d (float) [double] ¥~ Python % s L8 —4~ C double XUREFETE AL
D (complex) [Py_complex] {f— Python & $ 244k ii—4~ C Py_complex Python S (27,

Hipxtx

O (object) [PyObject *] ff Python X5 (RUEATALMIHA) (FAH7E C XFgedadt . Bk, CRFElE%id
AISEBRRT S . XREGIHTTECR 28 . R FE5 A2 NULL.,

0! (object) [typeobject, PyObject *] Hf—~~ Python Xf AFA—A> C X[ L4545t . X ET o, HEEZMAC
S 55— Python KA Ryl , 55 AR FMXT R I55 C A8 R RN PyOb ject *) HH
hko 4nR Python XA HA FrEisk i ZEAL, M5 % TypeError,

0& (object) [converter, anything] @ it—1> converter PREUIE—A> Python X G4tk — > C A5 . MR EEZ
WS B, e CANE CGRBUTER) Hbhl, #%30h void * KA. converter PR%L
ARy e A

status = converter (object, address);

Hrr object J2 1555 1) Python XJ 4 1M address &4 PyArg Parse* () AT void*x 8. RFIH
status .24 0L 1 ARFEEA KT OA O ARG RN . LRI, converter WAL 245 Kk F# I Has
ik address (] NS PRFFARIE MOIR S .

WIS converter J&|7] Py_CLEANUP_SUPPORTED, WIUIRSHUMENT AR, E W] HeL PR %R 5L,
MM AR A WL SR E A B AR AR . ZESE AT, object 24065 NULL; B, %S50K
B NULL; W, %SG NULL, B, %SH0R A NULL S (WR{E) 4 ° NULL address f{H S
JEL AR Y v () (AR ] o

1E 3.1 BUE i: Py_CLEANUP_SUPPORTED #§US o

p (bool) [int] ML AMMERTENE (—ME/RFIE H HAFFLERBAC XTI C true/false FEU(E . 402
FIBEAOHHEE 1, BWE 0. EEZALMIGIAR Python €. 2L truth ZRIUEZ 5T Python AN{af i {H
NEMEE

3.3 B .

(items) (tuple) [matching-items] %i% W72 Python JF51, KR items FAR B ICHEE . C S5
WIS items g — DML IAS T, R8RS UOTT BB IR E

f&i"long” HEAY CREAU P (EDERL 15 19 LONG_MAX PR J2 nl B, SR BA 2EATE 2 )T AR I — 4 4%
e 7 BOR /N BSOS BB, e 2 (D BT (B b, C U8 AR UK IR BE R _E 5 ) R 2
He—WRMETRES KAL) .

A P AT b A — L H A AT B R IR IR S . X R AR EAEIRE 5. BT

| Z2BHAE Python 5% 35 IR 1S 50E0 2 0T VE . C AS BN [0 7] 25 S50 BRI IG b BAE 24—
MAESEOEA S ER, PyArg ParseTuple () AREVIHAHN ) C A8 & (A E4E) INZE .

$ PyArg_ParseTupleAndKeywords () only: FEHAYE Python 240453 H K IS BEHESZ 58 ] AT S50
MF, ARG T SR AT R RS, DML | TR $ Rl .

3.3 B fE.

o A HICHIPIRE AR B S JE R AT RO RN BRI R P BB (PyArg_ParseTuple () i
WU “RERE” 5.
i MERITISIRETAARE s 5 e P AR RSO R R BUUEOA R R RIE R = A MTEHE .
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FERATAT ] 2 B2 k) Python XRG4 ka9 515 AZLEBENHIT HTE

25 3K L8 pR B RIS b e oA AL A H il 1) A R bk s X U2 IR AT il A G, A
—LUREDL, W ETE RS T R P A, XSS EAE A B s AEXAELL R, BT VAL
SE A R A AR IT

N T AR, arg X GV ECkE 2T BAR AU . IS, PyArg Parse* () R#URIA true, S
ZEfTR ] false HH5| & — GG . HPyArg Parse* () BN RR— A% 2 BICHE AL R W 26 1K
I, RS R A DA K5 S A% s R el A ) AE B AS g B

API &%

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
AT — DR E S8, RBP SRR S B BN JR TS S b . iR [A] true; 2RIk (4] false
I LB A W 8

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
MpyArg parseTuple () M, SRMIEHEZ—A va_list LR SHOM AL W ALK S5k -

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words[], ...)
G HTRFL B S BORN KAR S AR N 45 R JRy P A R BR AR S 8. keywords S48 REETF S 4R
NULL & [F82H . 2S84 PR3 npositional-only parameters, JEIN R [E true; KA ER, B4R 9] false If
1R AH Y. B R o

T 3.6 MRS ¥R T positional-only parameters W) 3 15 .

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words( ], va_list vargs)

MPyArg ParseTupleAndKeywords () FAIE], BRI EREZ—> va_list B S E0M A 2 ] A8 B E 1Y)
SRS .

int PyArg_ValidateKeywordArguments (PyObject *)
R Y KB SRR AR . XA BRECA M T PyArg ParseTupleAndKeywords () A
PR, 53 C A XAk A .

3.2 B fE.

int PyArg_Parse (PyObject *args, const char *format, ...)
BRECH TR AT “IHZRALY RS E R X LR Bl METH_OLDARGS SR 7k M
Python 3 "R . X AREE M TR RS 80T, IF BAERSEMRES P R ZEUUS E iz, B
AT ZEW . BRI 8T AT, SRR RE XA H 4k i A

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)
— R SEARBOT X, AT R E SR AL X R RIS H U R AL
I U TE R T AR P R W ME TH_VARARGS .. A& SEBR B4 JC B M AE R args 12 5 B L7
S —AIet . JTTHMKER 2 /R min I HANEIS max; min Fl max F]REFHSE . BN SEL P
ENREL, SRR — R Pyobject * A I4aEt; BATRLAR A args WHIETS: BEATRE
FRESIH . X T RS AR A args Sy HHIEIE TS BRI E RWIiG . BheR%k
PAT A [ LA, AR args AN @ e BUCE A & AR B I T2 R MMBRAE s QR EA T 2R I U35

BN

KRR B R B, BUE _weakref HFBIAHUTI RS54 | A IR TR :

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

PyObject *object;

PyObject *callback = NULL;

(Rt
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(£ 50

PyObject *result = NULL;

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

return result;

}

XA FH I PyvArg UnpackTuple () SE&FM TR PyArg ParseTuple ():

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

6.6.2 BIETE

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

Return value: New reference. 3T AT PyArg Parse* () BRI FI—RIMEIAE 45050 85 {E
TE AR TR BB B NULL; 405 ] NULL, $55] %55 .

Py_BuildvValue () FA—HAE ol WA LB TRF RS 80E 2 0 Uoc A
Aol . R AR RS, BRE None; MR BAG— M HIT, BikIAhEA R
TCRR AR Xt 5. FBHES t B s Al A A T DAS ) 3R ol —AS K/ R 0 2 1 yoeal.

214 PN AT G AT DX B DA S 8008 A% 156 FH DR A @ X R Bsf, 0 s Al s# R BAIT, &8 R EA KL
. VI H RO R MR S8 Py _Buildvalue () BN 2 KE . ARG, W
BRI malloc () I HAFHEL NAE L4 Py _Buildvalue (), RIS A TE
FEPy _BuildvValue () IREIBEMN free ()

TE R, 05 5 i RIE AR, B35S O A Z2A% IR 25K [ Python X 467 ;
TS [ NG EBRY C AL R () RIRAL,

TAEBIANZAS, BIRAF, BSHE SR T b S 2 m (B2 Ao, W sh). &Xn]
PABEAR A (A% A A A AT SE A Py AT

s (str B None) [const char *] {fiff] 'utf-8"' ¥ & LR C FAFER A Python str X4, N
R CFAFERIEE N NnULL, WA None.

s# (str #f None) [const char *, int 8§ Py_ssize_t] ffiff] 'utf-8"' ¥ C FLFE LH K RN
Python str %[5, W C FEAFE48EN NULL, WK EERFPE 20, I 1] None,

y (bytes) [const char *] JXff C FAFH 44l Python bytes X4 . QIR CFEAFERHEE A NULL, iR
4] None,

y# (bytes) [const char *, int B Py_ssize_t] X C & M H K F4 Jy— Python X4, N
W% C 45 48%r A NULL, NR[H] None,

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

u (str) [const wehar_t *] ¥ 252 |- wchar_t [ Unicode (UTF-16 8% UCS-4) #lt5 vh X%k
Python Unicode %{% . #15f Unicode 20 X F54F 4 NULL, W3R [4] None.,

u# (str) [const wehar_t *, int 3} Py_ssize_t] ¥ Unicode (UTF-16 5} UCS-4) ##E2g X % H K fF
%394 Python Unicode X§4¢, I Unicode ZZh X484 A NULL, WK RG220, IR [0] None,

U (str 3§ None) [const char *] I s —F£,
U# (str 5 None) [const char *, int B} Py_ssize_t] fll s# —Ft.
i (int) [int] $f—4> C int BERUELAY AT Python BEAIXT 42
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b (int) [char] Kf—> C char “FRFRFEALAL Python FEAINT 4 .

h (int) [short int] —4~ C short int $F#&FIEAk 5} Python 3RS 4 .

1 (int) [long int] F5—1>C long int KHEEREAL Python ARG .

B (int) [unsigned char] §—{~> C unsigned char TS5 FAF B4V A Python XIS 42

H (int) [unsigned short int] ¥ —{> C unsigned long FTLFFE4EEE ALV AL Python B AN 4 .
I (int) [unsigned int] }f—/> C unsigned long JLAFSHERIELAL Il Python FEAINT 4

k (int) [unsigned long] (f—/~ C unsigned long A5 KEERIEEAL Y Python AN 4 .

L (int) [long long] —4~ C long long KK Python X4 .

K (int) [unsigned long long] ¥ —> C unsigned long long L5 K KR ELAY 1Y Python & 7 i}
%,

n (int) [Py_ssize_t] ¥f—14> C Py_ssize_t J5HI%E4k A Python 3£

c (bytes K&k 1) [char] Kf—4> C int BRI FAFFEALN Python bytes KR 1 FATX 4
C(str KEEH D) [int] Kf—A> C int AR FAFEALN Python str KEEN 1 IFRFHRXA .

d (£loat) [double] f—4> C double XURFE I s AL AL Ay Python V2 s SR HURF .

£ (£loat) [float] f—4~ C float HUETE SAUF LN Python 3 R AEY .

D (complex) [Py_complex *] $—4~ C Py_complex KA EERITEAY A Python & 5254,

O (object) [PyObject *] ¥ Python XJ 4 A& i ANAE (H 5[ A RSN, %8k 1 883) o WRE A
FIRT 4 /& NULL 484, WBGE X E M T4 SSHr A A 5T RE S EmoEr. B,
Py_BuildValue () ¥R\ NULL, [HASE| KR8, RN AT LRE, WikE SystemError,

S (object) [PyObject *] Fi1 0 #H[7 .

N (object) [PyObject *1 #1 O #H[F], SR EIHFAEMA RGNV A7 SE8E0 R PR
16 A B R IR SE A -

O& (object) [converter, anything) B id converter FKENF anything ¥k Python XT42 . 1% bR B0 I I %
A anything (.5 void* He45) VENSHOF HW 2438 M —A> “Fri)” Python X4, B 4 KRR
A% ] NULL,

(items) (tuple) [matching-items] J§5— C A5 )76 i, Python JGLH AR 3 AH [ I TCEHE .
[items] (1ist) [HISGMITHE] Kf—A> C AR FHIFEAK Python 51 I CrfpAH A Y TR B
{items} (dict) [HIRIYICHE] K—> C AL HFHIFEA AL Python “Fllt, ff—X HELERY C AL HXME N —
ATCEBATIA, 3R R S HIME .
WA P AR I B U8, WE SystemError 5 IR A NULL,
PyObject* Py_VaBuildValue (const char *format, va_list vargs)

Return value: New reference. flPy_Buildvalue () F[a], SR B2 —4 va_list BRI SEOm A 2 0]
AR SR .
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6.7 FHBREMSEAL

TR AR AL 5 H5 i 1 14 R

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
FRIEAS X FAFER format FMEINSEL, AR size N FATE] stro 200 Unix T snprintf (3).

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
TR A% X FAFH formar FI7E 5 S50 3R va, i A size NF 75 sore 2 0, Unix F M} 50T
vsnprintf (3),
PyOS_snprintf () MlPyOS_vsnprintf () % ChrUEEREL snprintf () Ml vsnprintf () . BAIH
H 2 PRI TER I T 00 B — AT, TARME C BRI A
AEEREWPR str(size-1] FERBIRHRZA " \0 " . ENMMAT AR size NF4 (BIERRER '\0") 5|
AR, WA RGBTSR str = NULL,size > O fll format != NULL,

WARF G IA vsnprint £ () M H 28 v X K /)N 75 258k 5 B W7 88t size 512 52795 DA |, Python £x PA—
/]\Py_FatalError() EEEF‘JJ:O

XLCR B IR ME (rv ) R4 BR DA HU AR
* 20 <= rv < size i}, HMFEHRISINIR v DFRHFFGAR sir OREFERE strlvv] fLET
"\O" FAN),
s Brv >= size i, FiMiFEAWENIHHFE A rv + L RN IXA RS T. TR
TEE strisize-1] 2 '\0"',
* Yrv < O, " REERNFHFE. " FEMIEL T strisize-1]1 4 "\0", {Hsor HRT 2R
S . EHRIE )R B TR E T 5
PATR BRI B 5 1 5 PR T R Y A R B R
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
FEFAFE s $eily double A, RG] % Python S . H2 77 H3 B4 A% B T4 Python 1
float () WIERBIEZHFARNES, BT s DAA A FEER M. S AU T 24 Fir X
I
WAk endptr /& NULL , FEEANF459 . 5k ValueError I HiR[\ -1. 0 WHRFERFRAZITE AL
AR RIE T
AR endptr Ajg NULL , RAREZ R FAFERIFRF *endptr BB G 10 88 — SR BRI T4
MR F AR I B 27 A A R E 7, K *endptr WE NI FAFHYIFL, 51k
ValueError %%, FHikFH -1.0 .

WIR s FR—NKKMTARAAEFE— DR B0 E (LU, "le500" ¥EF L6 L2 — 17/
) SRJGWHR overflow_exception j& NULL iR [H| Py HUGE_VAL (il X4M555) H AN EAT
5. ESLHLITT, over flow_exception MAAUHHIA—/ Python SPHEXT4E: 31 % SHEHHIEN —1.0
. AEKPIRFOLT, WE rendpt s IRIEEIEZ RIS
WERAE A0 A AT HAD A R (Lhn— AR RIS R) |, B 2411 Python 9% 7 HLiR [#]
-1.0,
3.1 FriR e

char* PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
4% double val H—AM#E [ format_code, precision F1 flags W71 Ef
W XBULAHRPN TP —, e, "E", £, 'F, ", G B Tt KT Tt RAIER AR AR
0. 'r' X E THIRIEREL repr () #K.
flags MDA EH HA{E Py_DTSF_SIGN, Py _DTSF_ADD_DOT_0 85{ Py_DTSF_ALT B{H &
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* Py_DTSF_SIGN £/n B &R bl AT al M — 52455, B val RS
e Py_DTSF_ADD_DOT_0 F&/RHifRIR [l i F AT B LA G — IR

e Py DTSF_ALT FonMW ™ B # AL . A 4I5S M PyoS_snprintf () "#' EXX
4.

R ptype K NULL, W& 38 1 09 {8 5 #% % & Py_DIST_FINITE, Py_DTST_INFINITE B}
Py_DTST_NAN HJ—A>, 55lFRoR val @ — DA RECY . ToREC 8RR

R B — 48 ) AL 5 5 40 5 A4 B 1 buffer BTSSR, WIS FE A0S MO A NULL . 8 6 5
HpyMem Free () RREHGR B F4FE o

3.1 BRI RE.

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

FRERARD KNG . R EILT5 stremp O WA MR, AR2EZRK T RN,

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

TREAR KNG . ZRBILFS strnemp O BT/ ME, QR ERM TN,

6.8 R

PyObject* PyEval_GetBuiltins (void)
Return value: Borrowed reference. 3% [B] 4 HI AT P9 B pR BRI F L, QAR S HT A WUEAERA T, R [E]
LAERES I RRERS -

PyObject* PyEval_GetLocals (void)

Return value: Borrowed reference. 12 [0] 24 i $0 47 i P 5 3B 25 B 1 B, 40 SR V5 8 24 BT SR AT A od D01 2% ]
NULL,

PyObject* PyEval_GetGlobals (void)
Return value: Borrowed reference. R 5] 4 [ $AFT M 42 5y A8 B (0 2, Q0 SR 38 24 7 R4 T 1 it U 5[]
NULL,

PyFrameObject* PyEval_GetFrame (void)
Return value: Borrowed reference. 32|94 Fi RARIRZS ML, A0SR 24 B0 47 i) i W 3% [B] NULL.

HiEZRPyThreadState_GetFrame ().

int PyFrame_GetBack (PyFrameObject *frame)
R frame Sy F—A>HMEBIL

RG], QR frame WA HMFMUNR [E] NULL.
frame WMHIANH NULL,
3.9 HrhTse.

int PyFrame_GetCode (PyFrameObject *frame)

B frame HCHS .

IRl —AEE |

frame WAZFA R NULL, S55R (WIRHARD) AREN NULL,
3.9 Bl Hine.

int PyFrame_GetLineNumber (PyFrameObject *frame)
R frame 4B IEAERATHIATS o

frame WM/ A NULL,
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const char* PyEval_GetFuncName (PyObject *func)
MR fune A% FEBELBIXTGE, WHRIEIERAFR, HWRE func AL 2 FR.

const char* PyEval_GetFuncDesc (PyObject *func)
Fidh func )ZEALR IR AT . IR B A HE R ECH 74589707, 7 constructor”, ” instance” Fi1” object”.
5pyEval_ GetFuncName () [HZESRER:, 55052 func IHEA .

6.9 ARSI M SZIFThGE

int PyCodec_Register (PyObject *search_function)

TEM— AT 2 AR A5 2R R KL
TERRIMER, HiUma encodings 0, WERMASTEM, HHREHANTERRRBIIRNS AL

int PyCodec_KnownEncoding (const char *encoding)
AW L E encoding W i AS & 5 CAFTETTIR [ 1 80 0. BLEREUERERIZN .

PyObject* PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. 17 B g fitS e A4t API,

object ffi[fl 1 errors it & LI EERAL B AL 45 32 encoding W4t 25 BT . errors T PAH NULL R {f
TRt T @ XA . IR B gt 28 255 & LookupError.

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

Return value: New reference. 17 B g fitS 2 A RS APL,

object i J1 i errors I 7E SRR AL BT T2 45 72 encoding WAIFRI AR R L. errors W] PAZN NULL KR il
R gt a B SCRIBRINTTIE o AR B 25 A4 W 251 & LookupError,

6.9.1 Codec #E3}x API

TE BB, encoding “FAFH WA I HAIN /NG FHIE I, X AT BUATL ] 2 R 2 A A oS B B0
KNG WERARIENET g DS, WKFE KeyError JfiR[H] NULL,

PyObject* PyCodec_Encoder (const char *encoding)
Return value: New reference. "% € ) encoding FREL— A~ 4wt e %K -

PyObject* PyCodec_Decoder (const char *encoding)
Return value: New reference. "4 € W encoding FREL— A fRAS 28 BREKL .

PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. " %5 €] encoding 3Bl —1~ IncrementalEncoder X4 .

PyObject* PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. "% € ) encoding $KBl—1> IncrementalDecoder X4,

PyObject* PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. " %5 E W) encoding $BL—4~ St reamReader L) K%L,

PyObject* PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. "% € encoding $BL—1~ StreamWriter ) %L,
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6.9.2 FF Unicode 4wt IBIEFRYEME API

int PyCodec_RegisterError (const char *name, PyObject *error)
TELR FE W name 21 JE MRS 1R A0 38 5] pR KR error o 2 [R1 %] R BSCRFAE — 1> J R A 71 388 3] 0 Y5 4 S 1)
PFITCIE SRS 0 7 s I HL name B4 %€ 4 encode/decode b KT I 1Y) error JEZ I pht 2 2 ¢ it s A 1A
e

Z | O KR K & ¥ % — 4 UnicodeEncodeError, UnicodeDecodeError &}
UnicodeTranslateError I SEBifE RN BS54, H b & X T A M85 8071 7 ) L
TIPS MRS G 8 (2 5 Unicode 13 1 % 1 EEREIUAS B B ) o 1 [0 R J0o 5 |
REGERFE, BEE R B S T KA N B 75 i —ocd, DA — A Ron Imfs R 4L,
B BHE N AR AN E KIS A
B [E] <O, eI )z ] “-1¢

PyObject* PyCodec_LookupError (const char *name)
Return value: New reference. ZAEAE name 2 N M IRAC FE RIJE RS . VENAFFIELR] IS A NULL, 7F
BUIE LT RF 2R BB strict” YA 15 A 24 1] 8 pR 4K

PyObject* PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. 5| % exc {E R R4 .

PyObject* PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. ZW§ unicode £51%, Bkid 4R 1% A

PyObject* PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. {§iJ}] 2 8% U+FFFD %t unicode 454t iR .

PyObject* PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. {§i [l XML F455 | Fi72 4 unicode g i 4% .

PyObject* PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. {fi [l SCRHTHE LAF (\x, \u Fl \U) E#t unicode itz

PyObject* PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. ffiff] \N{ . ..} ¥ X £F## unicode Zifidsliz .

3.5 B .
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MERE

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

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

7.1 HRMY

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

Py RETURN_NOTIMPLEMENTED
Properly handle returning Py_Not Implemented from within a C function (that is, increment the reference
count of NotImplemented and return it).

int PyObject_Print (PyObject *o, FILE *fp, int flags)
Print an object o, on file fp. Returns —1 on error. The flags argument is used to enable certain printing options.
The only option currently supported is Py_PRINT_RAW; if given, the str () of the object is written instead of
the repr ().

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
Returns 1 if o has the attribute attr_name, and 0 otherwise. This is equivalent to the Python expression
hasattr (o, attr_name). This function always succeeds.

Note that exceptions which occur while calling __getattr__ () and __getattribute__ () methods will
get suppressed. To get error reporting use PyObject_GetAttr () instead.

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
Returns 1 if o has the attribute attr_name, and 0 otherwise. This is equivalent to the Python expression
hasattr (o, attr_name). This function always succeeds.
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Note that exceptions which occur while calling _ getattr__ () and __getattribute__ ()
methods and creating a temporary string object will get suppressed. To get error reporting use
PyObject_GetAttrString () instead.

PyObject* PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. Retrieve an attribute named atfr_name from object o. Returns the attribute value on
success, or NULL on failure. This is the equivalent of the Python expression o.attr_name.

PyObject* PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. Retrieve an attribute named atfr_name from object o. Returns the attribute value on
success, or NULL on failure. This is the equivalent of the Python expression o.attr_name.

PyObject* PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. Generic attribute getter function that is meant to be put into a type object’s
tp_getattro slot. It looks for a descriptor in the dictionary of classes in the object’s MRO as well as an
attribute in the object’s __dict__ (if present). As outlined in descriptors, data descriptors take preference over
instance attributes, while non-data descriptors don’t. Otherwise, an AttributeError is raised.

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Set the value of the attribute named attr_name, for object o, to the value v. Raise an exception and return —1 on
failure; return O on success. This is the equivalent of the Python statement o.attr_name = wv.

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

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)
Set the value of the attribute named attr_name, for object o, to the value v. Raise an exception and return —1 on
failure; return O on success. This is the equivalent of the Python statement o.attr_name = wv.

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

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Generic attribute setter and deleter function that is meant to be put into a type object’s tp_setattro slot. It
looks for a data descriptor in the dictionary of classes in the object’s MRO, and if found it takes preference over
setting or deleting the attribute in the instance dictionary. Otherwise, the attribute is set or deleted in the object’s
__dict__ (if present). Onsuccess, O is returned, otherwise an At t ributeError israised and -1 is returned.

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

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

PyObject* PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. A generic implementation for the getter of a ___dict___ descriptor. It creates the
dictionary if necessary.

3.3 B fE.

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
A generic implementation for the setter of a __dict___ descriptor. This implementation does not allow the
dictionary to be deleted.

3.3 B fE.

PyObject* PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. Compare the values of o/ and 02 using the operation specified by opid, which must
be one of Py_LT, Py_LE, Py_EQ, Py_NE, Py_GT, or Py_GE, corresponding to <, <=, ==, != >, or >=
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respectively. This is the equivalent of the Python expression o1 op 02, where op is the operator corresponding
to opid. Returns the value of the comparison on success, or NULL on failure.

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
Compare the values of o/ and 02 using the operation specified by opid, which must be one of Py_LT, Py_LE,
Py_EQ,Py_NE, Py_GT, or Py_GE, corresponding to <, <=, ==, ! =, >, or >= respectively. Returns -1 on error,
0 if the result is false, 1 otherwise. This is the equivalent of the Python expression o1 op 02, where op is the
operator corresponding to opid.

{Ef#: If ol and 02 are the same object, PyObject_RichCompareBool () will always return 1 for Py_EQ and 0
for Py_NE.

PyObject* PyObject_Repr (PyObject *0)
Return value: New reference. Compute a string representation of object o. Returns the string representation on
success, NULL on failure. This is the equivalent of the Python expression repr (o). Called by the repr ()
built-in function.

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

PyObject* PyObject_ASCII (PyObject *o)
Return value: New reference. As PyObject_Repr (),compute a string representation of object o, but escape the
non-ASCII characters in the string returned by PyObject_Repr () with \x, \u or \U escapes. This generates
a string similar to that returned by PyOb ject_Repr () in Python 2. Called by the ascii () built-in function.

PyObject* PyObject_Str (PyObject *o)
Return value: New reference. Compute a string representation of object 0. Returns the string representation on
success, NULL on failure. This is the equivalent of the Python expression st r (o). Called by the str () built-in
function and, therefore, by the print () function.

JE 3.4 Jiu B 2 This function now includes a debug assertion to help ensure that it does not silently discard an
active exception.

PyObject* PyObject_Bytes (PyObject *0)
Return value: New reference. Compute a bytes representation of object 0. NULL is returned on failure and a
bytes object on success. This is equivalent to the Python expression bytes (o), when o is not an integer. Unlike
bytes (o), a TypeError is raised when o is an integer instead of a zero-initialized bytes object.

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
Return 1 if the class derived is identical to or derived from the class cls, otherwise return 0. In case of an error,
return —1.

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

If cls hasa ___subclasscheck__ () method, it will be called to determine the subclass status as described
in PEP 3119. Otherwise, derived is a subclass of cls if it is a direct or indirect subclass, i.e. contained in cls.
mro

Normally only class objects, i.e. instances of type or a derived class, are considered classes. However, objects
can override this by havinga __bases___ attribute (which must be a tuple of base classes).

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

If cls is a tuple, the check will be done against every entry in cls. The result will be 1 when at least one of the checks
returns 1, otherwise it will be 0.
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If clshasa___instancecheck__ () method, it will be called to determine the subclass status as described in
PEP 3119. Otherwise, inst is an instance of cls if its class is a subclass of cls.

An instance inst can override what is considered its class by havinga ___class___ attribute.

An object cls can override if it is considered a class, and what its base classes are, by havinga ___bases___ attribute
(which must be a tuple of base classes).

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

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

Py_hash_t PyObject_HashNot Implemented (PyObject *0)
Seta TypeError indicating that t ype (o) is not hashable and return — 1. This function receives special treatment
when stored in a t p_hash slot, allowing a type to explicitly indicate to the interpreter that it is not hashable.

int PyObject_IsTrue (PyObject *0)
Returns 1 if the object o is considered to be true, and 0 otherwise. This is equivalent to the Python expression not
not o. On failure, return —1.

int PyObject_Not (PyObject *o)
Returns 0 if the object o is considered to be true, and 1 otherwise. This is equivalent to the Python expression not
o. On failure, return —1.

PyObject* PyObject_Type (PyObject *0)
Return value: New reference. When o is non-NULL, returns a type object corresponding to the object type of object
0. On failure, raises SystemError and returns NULL. This is equivalent to the Python expression t ype (o).
This function increments the reference count of the return value. There’s really no reason to use this function instead
of the common expression o—>ob_type, which returns a pointer of type Py TypeOb ject *, except when the
incremented reference count is needed.

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

Py_ssize_t PyObject_Size (PyObject *o)

Py_ssize_t PyObject_Length (PyObject *o)
Return the length of object o. If the object o provides either the sequence and mapping protocols, the sequence
length is returned. On error, —1 is returned. This is the equivalent to the Python expression 1en (o).

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

__length_hint__ (), and finally return the default value. On error return —1. This is the equivalent to the
Python expression operator.length_hint (o, defaultvalue).
3.4 FriR e

PyObject* PyObject_GetItem (PyObject *o, PyObject *key)
Return value: New reference. Return element of o corresponding to the object key or NULL on failure. This is the
equivalent of the Python expression o [key].

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
Map the object key to the value v. Raise an exception and return —1 on failure; return O on success. This is the
equivalent of the Python statement o [key] = v. This function does not steal a reference to v.

int PyObject_DelItem (PyObject *o, PyObject *key)
Remove the mapping for the object key from the object 0. Return —1 on failure. This is equivalent to the Python
statement del ol[key].

PyObject* PyObject_Dir (PyObject *0)
Return value: New reference. This is equivalent to the Python expression dir (o), returning a (possibly empty)
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list of strings appropriate for the object argument, or NULL if there was an error. If the argument is NULL, this is
like the Python dir (), returning the names of the current locals; in this case, if no execution frame is active then
NULL is returned but PyErr_ Occurred () will return false.

PyObject* PyObject_GetIter (PyObject *o)
Return value: New reference. This is equivalent to the Python expression iter (o). It returns a new iterator for
the object argument, or the object itself if the object is already an iterator. Raises TypeError and returns NULL
if the object cannot be iterated.

7.2 & i
CPython S RHWTRICR FIITRF L : p_call A1

7.21 tp_call {iY

W tp_call IRISEHIEZTIRNE . RO N

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

— NN ITTHER L ESE, - dict TR XBEFSE, FUT Python fLAS H A “callable(args,
**lwargs)“s *args® oL AT (Ao RIBH AL, 1EA—ATUL), 1Bhe RITH FEEF AL, Fhwargs*
T VA& *NULL,

AL AL *tp_call* [+ tp_new Fltp_init WiXFALHESEL.
il Pyobject_call () sRHAMAR AP RV — A4,

7.2.2 Vectorcall {ipi¥

3.9 i iaE

vectorcall VM TE PEP 590 g5 | AR, & FH ok 850 i =t Bt in bt .

VE R B3R ), SR m] 8 FH A% 328 vectorcall, CPython £ B {1 i) T PYECTR T o SR, X HAB—NEHILE .«
WAk, —865 =P R B p_call (TIAS mﬁﬂ% PyObject_Call()). I, —A3ZHE vectorcall fyZEt

WS tp_call, WAHh, TEi MR ML, AT R BT AR AR R B . HEFR TR tp_call
WHE NPyVectorcall_call (). {HS—IEHE:

el —/NSCHF Vectoreall {28 ISP ELAG M RTE LAY tp_call,

TRE—A~2H vectorcall He *tp_call* 18, ANV iZ 3L P vectorcall, BN, R4 H & SR S EUE R args
JCAAN kwargs dict, AR SEPL vectorcall BN H = Lo

KA P B Py _TPFLAGS HAVE VECTORCALL h,u%htp_vectorcall offset X EH NI E L5

1R vectorcallfunc (1) offset 52 vectorcall 1M, X — 8 M A DA &4 sk B F5 41
PyObject * (*vectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kw-
names)

o callable ZFa95 8 N2 .
o args —A CiEEAL, MO ESBRGIT KEFASEWE. WREASE, XAMER PAZ NULL

o
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o nargsf NI E S E BN vl fEY) PY_VECTORCALL_ARGUMENTS_OFFSET Fri& . ZEM nargsf 345
KRNI E SRR, W PyVectorcal ]l _NARGS (),

o kwnames }E— A F AR ARROCA]L.  HaTE DL, BE kwargs B, X UYL FOMIUE AT
B (str 8CHFRIGEH), HEHENUAUEME—I . WERER XEFSE, B2 kwnames W] DA
NULL 1% .

PY_VECTORCALL_ARGUMENTS_OFFSET
HISRAE vectorcall ) nargsf ZE0HIRE T HbraE, W AVERE M Z G EM args (11 B A5,
args fRIAATE I EFRISE L (R0 ). #E AT SOIFER [ 2 Biif R args [-1] HI{H.

Xt FPyObject_VectorcallMethod () , X MHRiEIA B IKZE “args[0]“ RIEEILAE T .

LM AT AT AAILE RN R (AN FEH ), 4 W 9 E
PY_VECTORCALL_ARGUMENTS_OFFSET. iXAEMCRF FLVF1E Q048 %E J5 i 2 2800 v U8 FH eR 2k o A 3k
Mt (LR s — AR self Z250) .

LA — AT vectorcall 1y XF 4, i ] K Avcall APL e KL, R R Ml T U X 5 — HE.
PyObject_Vectorcall () B EHAN .

iR In CPython 3.8, the vectorcall API and related functions were available provisionally under
names with a leading underscore: _PyObject_Vectorcall, _Py_TPFLAGS_HAVE_VECTORCALL,
_PyObject_VectorcallMethod, _PyVectorcall Function, _PyObject_CallOneArg,
_PyObject_CallMethodNoArgs, _PyObject_CallMethodOneArgq. Additionally,

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

BTl
T H tp_call B, #F 9 H & A & 41 0% Ja: CPython XF F fif H tp_call # 47 09 8 H & il

M Py _EnterRecursiveCall () ﬂ:‘l]Py_LeaveRecursiveCall ()o

For efficiency, this is not the case for calls done using vectorcall: the callee should use Py_EnterRecursiveCall and
Py_LeaveRecursiveCall if needed.

Vectorcall 3z API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
25—~ vectorcall nargsf 552, RIS PR ECE . HETSERH T

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

SR, JY M Pyvectorcall NARGS BREVATERFRY .
KA R B = limited API {—3B4)
3.8 B fE.
vectorcallfunc PyVectorcall_Function (PyObject *op)
Un2R *op* AN SZHF vectorcall MY (B4R NEAUR Ry, B2 N AARLBIA SR, ik M *NULL*,
AN, R FFAEAE *op* HiY vectorcall BREHREN . XA BRBUNA I & S
This is mostly useful to check whether or not op supports vectorcall, which can be done by checking
PyVectorcall_Function (op) != NULL.

XA EREAS B limited API —3R45

62 Chapter 7. #HIRWRE



The Python/C API, %% 3.9.5

3.8 BRI HE.

PyObject* PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
PE * TR * fvectorcallfunc, HALESHC KT SH0) HILATCAUR dict JEAZ5

This is a specialized function, intended to be put in the tp_call slot or be used in an implementation of
tp_call. It does not check the Py TPFLAGS HAVE_VECTORCALL flag and it does not fall back to
tp_call.

XA EREOA & limited API F—3B43 »
3.8 B HIRE.

7.2.3 AR API

Various functions are available for calling a Python object. Each converts its arguments to a convention supported by the
called object —either #p_call or vectorcall. In order to do as litle conversion as possible, pick one that best fits the format
of data you have available.

NEESS T AIRSIAE SRS U TR R

e TiARAX% (Callable) | args kwargs
PyObject_Call () PyObject * TG dict/NULL
PyObject_CallNoArgs () PyObject * -—- ---
PyObject_CallOneArg() PyObject * 1045 ---
PyObject_CallObject () PyObject * JCLH/NULL | ---
PyObject_CallFunction () PyObject * format -—-
PyObject_CallMethod () X% + char* format -
PyObject_CallFunctionObjArgs () | PyObject * AR SR -
PyObject_CallMethodObjArgs () X% + ZFR BEE T
PyObject_CallMethodNoArgs () X2 + ZH5 - -
PyObject_CallMethodOneArg () X% + ZF5 1 %5
PyObject_Vectorcall () PyObject * vectorcall vectorcall
PyObject_VectorcallDict () PyObject * vectorcall dict/NULL
PyObject_VectorcallMethod () S8+ 2R vectorcall vectorcall

PyObject* PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. Call a callable Python object callable, with arguments given by the tuple args, and
named arguments given by the dictionary kwargs.

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

SR B R FEJR Wl — A R ik [7] NULL.
XM T Python A, callable (*args, **kwargs).

PyObject* PyObject_CallNoArgs (PyObject *callable)
Call a callable Python object callable without any arguments. It is the most efficient way to call a callable Python
object without any argument.

IR [R5 ARG — A S5 IR 8] NULL.
3.9 B Tige.

PyObject* PyObject_CallOneArg (PyObject *callable, PyObject *arg)
Call a callable Python object callable with exactly 1 positional argument arg and no keyword arguments.

SRR IS5, AE SRR — 58 IR [u] NULL.
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AN EREAS B limited API —3R45
3.9 Hrhi s

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.

SRR AR, AEJR MR B — A~ 54 922 1] NULL,
XEEYT Python ik 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.

ST IR AT 558 RISl H— A~ S Ik [i] NULL .

XEZEMT Python FikH callable (*args) .
Note that if you only pass PyObject *args, PyObject_CallFunctionObjArgs () isafaster alternative.
TE 3.4 JRE R XA format KR char * Bk,

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.

WA NULL , FRom RERBHET S5
SIS IR AT ZE 5 TR Il — A~ S H Iz [m] NULL .
X1 Python Z&iA3 “obj.name(argl, arg2, ...)“)&—FEH .
Note that if you only pass PyObject *args, PyObject_CallMethodObjArgs () is a faster alternative.
TE 3.4 WUE P The types of name and format 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.

IR I ZE 5, 78 SOl — A 58 IR [l NULL,
XA Python k2 “callable(argl, arg2, ...)“;&2—FE .

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

SR IG5, ARSI — A5 H & (9] NULL .

PyObject* PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)
Call a method of the Python object obj without arguments, where the name of the method is given as a Python
string object in name.

SRR [ S5, ARSI — A5 IR [m] NULL.
XA BRHA R limited API f—5% o
3.9 BRI fE
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PyObject* PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
Call a method of the Python object obj with a single positional argument arg, where the name of the method is
given as a Python string object in name.

BSARHEEIS A . (6RO 5EAF I NULL.
XA BN R limited APL B—37
3.9 FrihfE.

PyObject* PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kw-

names)
Call a callable Python object callable. The arguments are the same as for vectorcall func. If callable supports

vectorcall, this directly calls the vectorcall function stored in callable.
IR IS5 AER WOl — A~ S F R ] NULL,
XA R B & limited API F—3EB450 o
3.9 B fE.
PyObject* PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwdict)
Call callable with positional arguments passed exactly as in the vectorcall protocol, but with keyword arguments
passed as a dictionary kwdict. The args array contains only the positional arguments.

Regardless of which protocol is used internally, a conversion of arguments needs to be done. Therefore, this
function should only be used if the caller already has a dictionary ready to use for the keyword arguments, but not
a tuple for the positional arguments.

XA RS & limited API F—3B45) o
3.9 B HiE.

PyObject* PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwnames)
Call a method using the vectorcall calling convention. The name of the method is given as a Python string name.

The object whose method is called is args[0], and the args array starting at args/ 1] represents the arguments of
the call. There must be at least one positional argument. nargsf is the number of positional arguments including
args[0], plus PY_VECTORCALL_ARGUMENTS_OFFSET if the value of args [ 0] may temporarily be changed.
Keyword arguments can be passed just like in PyOb ject_Vectorcall ().

If the object has the Py TPFLAGS_METHOD_DESCRIPTOR feature, this will call the unbound method object
with the full args vector as arguments.

IR AR [ EE 2R AR IO H — A~ 53R o] NULL.
XA BREOR R limited API H)—354% .
3.9 Fii e,

7.2.4 FRZZH API

int PyCallable_Check (PyObject *0)
TERSR o BTG WIARXT GRS GIGRE] 1, HABEILRE 0 o XA RBCR 2 2R
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7.3 #=ihil

int PyNumber_Check (PyObject *0)
MRG0 FRAECARIPINN, IRIIE 1, BWEREMER. XA RO 2 R

TE 3.8 R AR 0 S — G HEBONIR ] 1.

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. 12[8] ol . o2 FHINMIZEE, WM, &[] NULL, 284, Python ik ol

+ 02,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. IR 1] ol J§7% 02 BIZER, AR KM, R NULL. 25T Python FIA= ol
- 02,

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . 02 FFEMIZER, WHIM, &F] NULL, 24T Python ik o1

* 02,

PyObject* PyNumber_MatrixMultiply (PyObject *o0l, PyObject *02)
Return value: New reference. 12[8] ol . 02 R MERIERILER, SR ALM, &M NULL, 4T Python 3
AR ol @ o2,

3.5 Bl HIE.

PyObject* PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12[B] ol DA 02 110 FEUEE G IISEH, B, 1&RE] NULL., 4T “%
gt WREERIE.

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12 8] ol DA 02 B —NEHERNTME, TR, & [F] NULL, 455829
1y, TR R RO — M RUE, ATTRERA 2 Y SEORZFR A SR8 XA R BIOR [T P -1 5K
FHBRS B )7 25K

PyObject* PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. 1R[] ol VA 02 15BN M A8, TR, 12\ NULL., 84T Python F&ikz

ol % 02,

PyObject* PyNumber_Divmod (PyObject *ol, PyObject *02)
Return value: New reference. 7% N B AL divmod () . T M, %[\ NULL, 24T Python ik

divmod (ol, o02),

PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. i Z: 5] N B BREL pow () o« WIHKN, R[] NULL. 24T Python 1)k
A pow (o1, 02, 03), HHt o3 BN . WIREZNE 03, WFe Ary_None FERRE (AL A
NULL 2 3ECERENAED) .
PyObject* PyNumber_Negative (PyObject *o)
Return value: New reference. 1&[0] o BITUE, WISRKRNG, 1R\ NULL . 24T Python Fikx -o.
PyObject* PyNumber_Positive (PyObject *0)
Return value: New reference. 12 [F] o, WHJN, &[] NULL . 4T Python 3£ik= +o.
PyObject* PyNumber_Absolute (PyObject *o)
Return value: New reference. 32[7] o BY4EXHE, WHRKM, 1&[H NULL. 25T Python Fik= abs (o) .
PyObject* PyNumber_Invert (PyObject *o)
Return value: New reference. 1R [H] o BJHAI U G IIEEAL, W2 KM, & [H] NULL. %84T Python ik

~Oo
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PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. 1R[] ol /2% 02 N HARIGIIEE R, BRI, R[F] NULL. 24T Python 3
*R o0l << 02,

PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. 1210] ol 15F% 02 N HUAFfGRUZER, MR, &[] NULL . Z64/F Python %
£ ol >> 02,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. 12[8] ol Fll 02 “¥5” BIG5R, WL, 1R[E] NULL . 4T Python 3
#H ol & 02,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. 120] ol Fll 02 “¥ALFE” HIZER, TR FE, &M NULL . Z5{+T Python
Fik ol » 02,

PyObject* PyNumber_Or (PyObject *ol, PyObject *02)

Return value: New reference. 12[0] ol Fil 02 “¥ul” mOgEH, WL, RF NULL . 44T Python 3
HR ol | 02,

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. J&[i] ol . o2 FIMAYEER, AR, R[] NULL. 24 of SZHR, X425
I BTSSR . %S0T Python i§4] ol += o2,

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. 1210] ol . o2 FHIAIZER, WM, 1R[] NULL . 24 ol SZHl}, X4 E
HAEM HE SR . ST Python 154 o1 —-= o2,

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. IR0 ol . o2* fafe ey R, 4R %M, A ‘NULLC, % *ol iHHf, X4~
EHBEEMEHEMALSER. ST Python i54] ol *= o2,

PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol . 02 fOEMEIRIEIGISER, WA, &[H NULL . 24 ol LN},
XA ZEEEMH LR . SMT Python iEH] ol @= o2,

3.5 BRI HE.

PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. iR 8] ol [i5:DA 02 J5 1A FHCEZER , M, R[E] NULL. 4 ol 5},
XABERHEM eS0T Python 5] o1 //= o2,

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12 8] ol DA 02 B—NEFERITME, TR, RF] NULL. 45529
(), PR R HNE R BUE A, ARTRERA 2 SHEBOR TR A 528, X B AR B R4
ARSI AIF S8, 24 o SCRRIY, XABH E M H EiErs

PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. 3x[0] ol [RDA 02 158 AG 4%, R, 1R[E] NULL, 24 ol 0, X4Hs
BHEMHEMESR . %0 T Python ifi4i] o1 %= o2.

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 527N B BRE pow () » IR KRN, 1R\ NULL., 24 ol IR, Xz
HIEEH BSR4 03 &Py _None B}, 4T Python ififi] ol **= o02; NN THEF LN E
fEAFLE R pow (01, 02, 03) o WIREZM o3, MFfeAry _None (f& A NULL & SE LN
Vi)

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 [0 ol 2% 02 AN AT IGIIZE R, W0SR 4, 1R[] NULL. 24 ol ), X
MEE B AR . M T Python 15/4] o1 <<= o2,
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PyObject* PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 8] ol 55%% 02 AN HAFGIISSESR, WR KM, 1R\ NULL. 24 ol ZHRf, X
MEHHEMH AR . %0 T Python iH4] o1 >>= o2,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. F{IW R B ol Fl 02 ” ¥ 57 BILER, JeEBtiR [B] NULL., ¥F ol X FFAYHI
PR IZARAERE BT, F M5 Python 4] ol &= o2.

PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. IR [E] ol F11 02 ” # R L5 8, KRG IR Bl NULL., 7E ol A0 H]
PRI BT, S5 Python iH4] o1 "= o2,

PyObject* PyNumber__InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. FIIITIR B ol F1 02 #ATE” WILER, RN IR NULL, 7E ol SRR
B R IR ROEHET. ST Python i) o1 |= o2.

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. IR ] o BB S G IS5 3, S AR [A] NULL. 254+ T Python
Fikx int (o),

PyObject* PyNumber_Float (PyObject *0)
Return value: New reference. JEINI 1R[] o i AP SO R G MG, RIWEFR[A] NULL. 2841 Python
Feikz float (o)

PyObject* PyNumber__Index (PyObject *0)
Return value: New reference. I} 1% [\ o ¥44% 4 Python int 258 J5 i 4558, etk [B] NULL 3f5] &

TypeError %ﬁo

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. 1% [A| 385 n 73k i A base F BB FAF R G HISE R . X base ZE I3
2, 8, 108 16 . X FHE2, 8, B 16, REFFFHRE BN EEHARE '0b', *00", or "0x'.
W n A2 Python HH 38 int 258, piseilial PyNumber Index () ¥ il B2 Al ,

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
MR 02— MEEBEEBMRERL, IR [A] o e il—A> Py_ssize_t IS OSSR ARV R, &[0
-1 G K

R o W AR LS R Python int ZE7U(H S {40 fy Py_ssize_t (] 2x5| % OverflowError, iXHf exc
SRS KPR E R G 2 IndexError B OverflowError). U exc i NULL, NSF#H <
WEG I 2R 8 PY_SSIZE_T_MIN s{IF3#{ PY_SSIZE_T_MAX,

int PyIndex_Check (PyObject *o)
W 0 R—DREIEE (F#H nb_index [ E A tp_as_number FLAFH) WER[E 1, FHERME 0 . X
AR 2 UE R

7.4 FR5IEY

int PySequence_Check (PyObject *0)
WA RIZMF I ML, REORI] 1, RWERE] 0, R TR NEA __getitem_ () J5IARY Python
Kikll 1, BRAFEANDE dict 128, FOMFE— B 0L T JCiAi e B SCRr . BB 2 2 i)
W7

Py_ssize_t PySequence_Size (PyObject *o)

Py_ssize_t PySequence_Length (PyObject *o)
FUWE AR R B o RS RCE, RIMNR[E] -1, XA T Python ik 1en (o) .
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PyObject* PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. JNINIFIRE] o F 02 WP, JIEHE[E NULL, iX%4T Python 335 ol

+ 02,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. iR 0| JF 3%l 5%: o B count IRILER:, JIEHR A NULL, XZ4)F Python
F#ikxL o * count,

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value New reference. BRI ol F1 02 WPHEE, RIIFHR ] NULL, 7E ol SCERHE LT EVER
A SE . XM T Python FikH ol += o2,

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Return the result of repeating sequence object R EFEANT R 0 TR count IRINEE
H, RIS IRIE NULL. 78 o SCRFIE L P IZEAES RSE. 1X55 T Python ik o *= count.

PyObject* PySequence_GetItem(P)Object *0, Py_ssize_t i)
Return value: New reference. 1R[] o F5E i 5I02%, RIMETIRME NULL, XZEMT Python ik o[i],

PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Return value: New reference. IR R JFAXT4 o 1 il 3] 2 WY, KIEER[E NULL. X%4T Python 3
*hFHo[il:i27,

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
PTG v RIS o (58 i 5ot . RIEET 51 K 55 R A -1; WEIEHRE 0. XA 24T Python 1547
ol[i] = v. BERREL RAMUEXT v g5 H

R v o NULL, JUERRMER, ER e s, MY PySequence _Delltem (),

int PySequence_DelItem (PyObject *o, Py_ssize_ti)
BRI 0 HO5E i 5 ICER . RIGIFR M| -1. JXAH24 T Python i) del of[i].

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
FFPHIG v BT PR S o A il B 2 Yl ). XA T Python i) o[i1:12] = v,

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_ti2)
HERIFFIXT G 0 BIM i1 B i2 Y0 o RIGIRHR ] -1, X AHI24TF Python ii4] del o[il:i2].

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)

iR [B] value 75 o BRI EL, BIR[EIH1S o [key] == value MBEMIEGE. RIGHRE -1, XY
F Python FiA3L 0. count (value).

int PySequence_Contains (PyObject *o, PyObject *value)
e o A value, AR o "PIIE—ITET value, WA 1, HGRIE 00 HFE, &E -1, XAH
24§ Python A, value in o,

Py_ssize_t PySequence_Index (P\ Ob/ect *o0, PyObject *value)
R A —ARG| *i*, Hd o] == value. 45}, 3& 1] “-17 . #H24F Python [1) “o.index(value)“Fik
=

PyObject* PySequence_List (PyObject *0)
Return value: New reference. 12 Bl — N FEM LR, HNA 'ﬁfﬁﬂji_f XIS o MHIE], SRMEETIR [A] NULL,
IR B RRUE R — D F S XM T Python ik 1ist (

PyObject* PySequence_Tuple (PyObject *o)
Return value: New reference. Rl —JTXf %, HNAS P EREAR S o HlF, RIGHHR [ NULL,
W o Ryt WPRFRE—AF 51, FEHAR B0 R E & S A A S — oo XEMT
Python A% tuple (0) .

PyObject* PySequence_Fast (PyObject *o, const char *m)

Return value: New reference. Y37 585 0] 20X 5 o VE W HAth PySequence_Fast* pREUZER] BN
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R ARZXTRA R FIN ST IEAR G, W51 % TypeError HF m M EICA . JKRIKHE ]

NULL,

PySequence_Fast* HMEZ T AX M H, SR NEMN2KE o & —PyTupledbject
B pyListobject HHEVIN o MEIETEL .

YE2h CPython [ SEHANTT, AR o D4R —MFHBSIR, ERFpEIRR .

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
1E 0o HPySequence _Fast () &[] H o Aj NULL B0 Rk W o BKE. WA DLESTE o 1
M PySequence_Size () KK/, HREPySequence _Fast_GET_SIZE () ETHEM, H AR
PAMBRE o RF KRBT .

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference. 1¥. o HiPySequence_Fast () 2Bl H o A~ NULL, JfH id fE&5|{EH
PGPSO MR ] o 15 | 50K

PyObject** PySequence_Fast_ITEMS (PyObject *o)
i [H] PyObject $54HHIR)JZE4L . (RiX o hPySequence Fast () &[] H. o A4 NULL,

THTERL, ARSI F RN, FHT 0 HC AT BE S FORE (7 items 4. DAL, AUHE S JedA S RO R S
[EGER ke ik

PyObject* PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value:  New reference. B oo W i 4 Jc = B I & W R IR ] NULL. Bt K
lpPysequence_GetTtem() FiEE, HASKT o FHPySequence_Check () = NEAH, A
2N S TR

7.5 BREHMIY

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

int PyMapping_Check (PyObject *0)
TSRS AR BEWI M B SRR ) R AT 1, IR 0. R ER NAA __getitem () Jrik
1) Python &Rk ] 1, PRAAE—BCRE I T Tovkmii g € B SCRp SR A . R BRI 2 I T -
Py_ssize_t PyMapping_Size (PyObject *0)
Py_ssize_t PyMapping_ Length (PyObject *0)
IR IR o FrERAECE: , RG] -1, XA T Python 153K 1en (o) .
PyObject* PyMapping_GetItemString (PyObject *o, const char *key)

Return value: New reference. 3R [f] o FOXF R T FAFH key (03, 80& R IGET 1R [8] NULL, iX4H24F Python
FkRK olkeyl. HIFEHM also Pyobject_GetItem().,

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
TEXS R o PR AT key BRITEIME vo RIGIHRE] -1, XA T Python if4] o [key] = v. HiES
WPyObject _SetTtem(). MERE RAEMXT v 5 H .

int PyMapping_DelItem (PyObject *o, PyObject *key)
MXF G o FRE BRI R key BYMEYS. KR MIS R B -1, X AH 24T Python i /4] del olkeyl. iX

BPyobject_DelItem() BJ—H4% .

int PyMapping_DelItemString (PyObject *o, const char *key)
MG 0 HRGERFAFER key PIBRSS . JRIGIFIRIE] — 1. 3XAHH 24T Python i) del olkey].

int PyMapping_HasKey (PyObject *o, PyObject *key)
TR X G B A G key IR W] 1, FNR[E 0. XA T Python ik key in o. MHEKELEZ S
IEKEE
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W B _getitem__ () J7¥& M B K41 55 55 2905 . 2208 BURT 32 415 3 X
FHPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
TR 5 B A G key MR ] 1, R [E 0. 3XAHS T Python £k key in o. MEKELEZ S
AT -
W BRI WA __getitem () VAWM E) A& A0 S R 2 BB . R IBURT R R 4 L
HPyMapping_GetItemString ().

PyObject* PyMapping_ Keys (PyObject *o)
Return value: New reference. {3}, R[MXFER o FREERIFFE. JIEEt, R[] NULL,

15 3.7 BOEH: FEZ BIRAH, BEeR ok [ — a1k siocdl

PyObject* PyMapping_Values (PyObject *o)
Return value: New reference. I}, IR[EIXTER o FRERIFNFE. JWE, 1R [\] NULL.

TE 3.7 MO FEZ AICA T, R HGR Bl — 21 e -

PyObject* PyMapping_Items (PyObject *0)
Return value: New reference. J{INBT, IREINTSL o h&H WA ZE, HbEGANLH B MU S BE N T
o KWW}, &[0 NULL,

TE 3.7 R FEZ HICA A, e HGR [B]— 21 oA -

7.6 EREE I

ERAA IR

int PyIter_Check (PyObject *o)
WRXG o LFFEAAFIR B EAE . IR EUE 2 2 AT .

PyObject* PyIter_Next (PyObject *o)
Return value: New reference. IR [R5 o B N —ME . XL — 5 (X0 d 8 W)« a1
AR TIME, WERE NULL I N E S . R RECR B B A& 2R TH 5, R[] NULL 9 HA%
R

TERERI R T —A—MER, C RN IZE R

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) ;
3

Py_DECREF (iterator);

if (PyErr_Occurred()) A
/* propagate error */

(Fogks)
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}
else {
/* continue doing useful work */

}

7.7 il

7 Python HnJ il ] — L850 G o A0 R0 IR 2 A7 B AL SRR 28 ok B9 D7 1), BEIEXT SR N L1 bytes Fl
bytearray AM—2Ul array.array ARMY RIS =T7 FEtWaI RES N THRRAY H AT E SCENTH
SRS, BN T R AL BEAN B AT 45

AR SRR P ) R —ARECA B TR, EEATRA t ] BRI A7 Zenh X SRR IR IRARFAE . FERE LN
U, AR EEYIIR G X o q TR .

Python PAZZ # #ri3 IEAAE C J2 0 AR IEIXFER hRE . BL MB35 T

o FEAPEFIEX O, RERBPPT AR A DT, ATFATFERRZZWMRER . %%
O W5 ARE B AE Buffer Object Structures —5 1 ;

o TEBE M, A LRI VAT T 3RS X R A UG 2 B n ettt (BIan— A Insmig2) .

— BRSO bytes Al bytearray ST T IR ATFENHIREEMIK . 117762 LA
ks I arzay.array FATHOTCEADURE A

L DX T S 1 — MO SCEXTR I write () ¥k ARATT DA o — R F A5 X 4 T AR
AN SR write () Tk A TGER TR ARG A AR, HABRTTL, Wl readinto () TESHN
B FARR . e DX AT nT DARERR M A v el 5 5 iU B8 XY S 1

XTGP RE AT S, AR SOOI B iR 5 ot :
s HIEMMSEORIHH Pyobject_GetBuffer () %K
s W PyArg ParseTuple () (HFIFIFHZ —) HAEA y*, wr or s* 44 X KA F—A,

TEXPFMEI T, UAFEEE N KN WA PyBuffer Release () o WIRMERIERI, TTHESSEL
UL UEAST S0

7.71 FRhRX L

euh DX (B AT B AR N “buffers” ) T &R M 75— D XS AJT 47 Python R )5 BFE A . B
AN AFIAVEZE S DL R AL B EATS I N AF BRI RE TS, T AR 2 MR AT &5 24 JT 47 Python 27
Blo WAFATPASE C 9 I— KR T AL, thon] DA (%38 2 B E RGP 2 il T B 0 st P A7 e
ol T DA R AL BB AL A A 2 A s

5 Python fERELS AT R Z HBHRE BN, Zrh XA ZPyobject FREHM 2R A C 454 XA
AT AR ] B ) A A . AT v DO _ Bz BV ), Al DABIEE—N A AL X4,
ARXUWMMHmEHFFHXNRWEEWY, WS WZ PR3 24840, BRREPENE, S
RlPyObject_GetBuffer ().

Py_buffer

void *buf
T8 1) i G X 7 BEAR ) 2 s g5 T AR I 48 Er . X T DA S5 R IS 2 W PR N A7 B A AT A 0 B
fian, M7 st rides {HR]Redg ] NAFRIR R .

72 Chapter 7. #HIRWRE




The Python/C API, %% 3.9.5

X Fcontiguous , &REET BUEH, (EIR IR NIk

void *obj
XA RGN ZEINAERE A, HFhpyBuffer Release () HalfBITFRE N
NULL. % B TALMIBRE C-APT o iR [l .
YER—R RIS L, ST HPyMemoryView FromBuffer () B{PyBuffer FillInfo () fi%
) temporary GEfIX, BFESK NULL, 8, SHTSEAEMH L.

Py_ssize_t 1len
product (shape) * itemsize. X TIHEZLEAH, X EEMPNAAHIKE X TIEESEH,
R EEE R RESRRNEA, WZ KR B KE.
B0 24 G2 of X2 3l 2 PR UE I 25 1R 9 9 SR 3R U, A4 97 W ((char *)buf) [0] up to

((char *)buf) [len-1] B A 8. £ K ZHHE BT, WG KK hpyBUF_sTMPLE
B PyBUF_WRITABLE.,

int readonly
Zh X T N N e s . WWFEEBL PyBUF_WRITABLE Fri&datil o

Py_ssize_t itemsize

BASTER TR (PAFATNEAL) . 5 struct.calesize () M AE NULL format W(EAAIA .

FHEHI A R F SR B R b K G PyBUF_FORMAT #Ri&, format ¥§i% ¥ A NULL,
{Hitemsize {HHA FIAHAIE.

Wik shape 746, W% product (shape) * itemsize == len {SRFFETE, M HE DA

{fifitemsize G MHIX,
MR shape & NULL, HNE5H-NPyBUF _SIMPLE B PyBUF_WRITABLE 3K, W{#iFH#H UHZ.
B itemsize, HRiX itemsize == 1,

const char *format

TE struct RHUERIEE R NUL 74578, iR A pgs. g NuL, Wz R < B
[

(BT -
WF Bt PyBUF_FORMAT Frda il

int ndim
The number of dimensions the memory represents as an n-dimensional array. If itis O, bu £ points to a single
item representing a scalar. In this case, shape, strides and suboffsets MUST be NULL.

The macro PyBUF_MAX_NDIM limits the maximum number of dimensions to 64. Exporters MUST respect
this limit, consumers of multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_NDIM
dimensions.

Py_ssize_t *shape
An array of Py_ssize_t of length ndim indicating the shape of the memory as an n-dimensional array.
Note that shape[0] * ... * shape[ndim-1] * itemsize MUST beequal to Ien.

Shape JEARKCAL I (E BEIAE 2E shape[n] >= 0. shape(n] == 0 JX—f¥JEAEH HITER .
W2 AF B Z W complex arrays
shape F2H X100 F & R 1 H s .

Py_ssize_t *strides
An array of Py_ssize_t of length ndim giving the number of bytes to skip to get to a new element in
each dimension.

Stride A MFECAL P EOE AT VAOMATAT A Xh TR AL, IRl o 8, (H2 & e AL
Ml strides([n] <= 0§, EZ(F RIS Mcomplex arrays

strides AL PRl & B .
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Py_ssize_t *suboffsets
An array of Py_ssize_t of length ndim. If suboffsets[n] >= 0, the values stored along the nth
dimension are pointers and the suboffset value dictates how many bytes to add to each pointer after de-
referencing. A suboffset value that is negative indicates that no de-referencing should occur (striding in a
contiguous memory block).

WER BT Tt (RIEFRHOESIM ), M5 Bub i NULL - (BRIAME) .

Python Imaging Library (PIL) i Ji] 7 X R EAIRATr 3o S Fcomplex arrays K 1 fgnfar
MR DT R .

suboffsets ZANS T I # ok it H B o

void *internal
This is for use internally by the exporting object. For example, this might be re-cast as an integer by the
exporter and used to store flags about whether or not the shape, strides, and suboffsets arrays must be freed
when the buffer is released. The consumer MUST NOT alter this value.

7.7.2 EhRXiERISEE

Buffers are usually obtained by sending a buffer request to an exporting object via PyObject_GetBuffer (). Since
the complexity of the logical structure of the memory can vary drastically, the consumer uses the flags argument to specify
the exact buffer type it can handle.

JIih Py_buf fer B mi RN E L.

S5#ERTXHFER

PN FZBOA S flags 2m, 3 Has g 2R IEMPEIES: obj, buf, len, itemsize, ndim,

Riz, #X

PyBUF_WRITABLE
Controls the readonly field. If set, the exporter MUST provide a writable buffer or else report
failure. Otherwise, the exporter MAY provide either a read-only or writable buffer, but the choice
MUST be consistent for all consumers.

PyBUF_FORMAT
Controls the format field. If set, this field MUST be filled in correctly. Otherwise, this field MUST
be NULL.

PyBUF_WRITABLE can be I'd to any of the flags in the next section. Since PyBUF_SIMPLE is defined as O,
PyBUF_WRITABLE can be used as a stand-alone flag to request a simple writable buffer.

PyBUF_FORMAT can be I'd to any of the flags except PyBUF_SIMPLE. The latter already implies format B (unsigned
bytes).
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ik, B8, FRBE
s A A A I A I 2 P O ST . YRR, /AR 6 S T TR P AT A

LES R | B8 | TRBE
PyBUF_INDIRECT = e MR E)
PyBUF_STRIDES v = NULL
PyBUF_ND = NULL | NULL
PyBUF_SIMPLE NULL | NULL | NULL

ELEERYIEK

AT AR ARGk C o Fortran 3£ 4%, AEARHLIREE . FCALIRGEE, WZH KB C-IE8.

LS oK | Sl | ThibE | 08

= = LL
PyBUF_C_CONTIGUOUS = = NU C

= = LL F
PyBUF_F_CONTIGUOUS = = NU

= = 5
PyBUF_ANY CONTIGUOUS = = NULL Cu F
PyBUF_ND H [ NULL | NULL C

ik
FFAT AT AR L1 oF RS L ey 5 A X ST BRI, B PSR 4L A5 1Ry A
b

In the following table U stands for undefined contiguity. The consumer would have to call
PyBuffer IsContiguous () to determine contiguity.
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EK K | PR | FIRBE B | Hi | %X
PyBUF_FULL | 2 WRFERIE | U 0 =}
PyBUF_FULL_RO = | WARFTEMI | U | 1500 | &2
PyBUF_RECORDS = | R NULL U |0 "
PyBUF_RECORDS_RO =R NULL U [ 150 R
PyBUF_STRIDED | e NULL U 0 NULL
PyBUF_STRIDED_RO =R NULL U 15{ 0 [ NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO = | NULL | NULL C | 180 | NULL

7.7.3 SZ¥E

NumPy-Ri#&: F2ARF0L1E

The logical structure of NumPy-style arrays is defined by i temsize, ndim, shape and strides.

If ndim == 0, the memory location pointed to by bu £ is interpreted as a scalar of size i temsize. In that case, both

shape and st rides are NULL.

If st ridesis NULL, the array is interpreted as a standard n-dimensional C-array. Otherwise, the consumer must access
an n-dimensional array as follows:

ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];
item = * ((typeof (item) *)ptr);

As noted above, bu £ can point to any location within the actual memory block. An exporter can check the validity of a
buffer with this function:

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

(R

76 Chapter 7. #HIRWRE




The Python/C API, %% 3.9.5

(£ 50

if ndim <= 0:

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

return True

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

if strides[j] > 0)

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

PIL-R#E: ek, SIRFIIFRBE

B T8 R 2 Ah, PIL XUKE A B4 A T DAL 5 55, AR Bl LEF5 41 A BB 2L E ) R — AT K. Hi
wm, WA =48 CIEF 4 char v[2][2] [3] AIPABEAER — 81 2 > 48K 2 24840 char
(*v[2]) [2] [3]. FEFIWBEFRRT, XDIEE T PARATEDuL ITF3K, FR IS TT AL T AR (] o B
M char x[2] [3] %,

R eREL, 4 n 4ERG TR0 N-D B iy “NULL S KA s BNy, Bk Bl 454

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; 1 < ndim; i++) |

pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = *((char**)pointer) + suboffsets[i];
}
3

return (void*)pointer;

7.7.4 ZHAXHEXER

int PyObject_CheckBuffer (PyObject *obj)
Return 1 if obj supports the buffer interface otherwise 0. When 1 is returned, it doesn’t guarantee that
PyObject_GetBuffer () will succeed. This function always succeeds.

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
Send a request to exporter to fill in view as specified by flags. If the exporter cannot provide a buffer of the exact
type, it MUST raise PyExc_BufferError, set view—>obj to NULL and return —1.

On success, fill in view, set view—>ob7j to a new reference to exporter and return 0. In the case of chained buffer
providers that redirect requests to a single object, view—>obj MAY refer to this object instead of exporter (See
Buffer Object Structures).

Successful calls to PyOb ject_GetBuffer () must be paired with calls to PyBuffer_ Release (), similar
tomalloc () and free (). Thus, after the consumer is done with the buffer, PyBuffer Release () must
be called exactly once.
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void PyBuffer_ Release (Py_buffer *view)
Release the buffer view and decrement the reference count for view—>obj. This function MUST be called when
the buffer is no longer being used, otherwise reference leaks may occur.

It is an error to call this function on a buffer that was not obtained via PyObject_GetBuffer ().

Py_ssize_t PyBuffer_ SizeFromFormat (const char *format)
Return the implied i temsize from format. On error, raise an exception and return -1.

3.9 B fE.

int PyBuffer_ IsContiguous (Py_buffer *view, char order)
Return 1 if the memory defined by the view is C-style (order is ' C ') or Fortran-style (order is 'F ') contiguous or
either one (order is 'A"). Return 0 otherwise. This function always succeeds.

void* PyBuf fer_GetPointer (Py_buffer *view, Py_ssize_t *indices)
Get the memory area pointed to by the indices inside the given view. indices must point to an array of view->ndim
indices.

int PyBuffer_ FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
Copy contiguous len bytes from buf to view. fort canbe 'C' or 'F' (for C-style or Fortran-style ordering). O is
returned on success, —1 on error.

int PyBuffer_ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
Copy len bytes from src to its contiguous representation in buf. order canbe 'C' or 'F' or 'A"' (for C-style or
Fortran-style ordering or either one). 0O is returned on success, —1 on error.

NS len = sre->len W) I R HCRF R 48 -

void PyBuffer FillContiguousStrides (intndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,

char order)
Fill the strides array with byte-strides of a configuous (C-style if order is ' C"' or Fortran-style if order is 'F ') array

of the given shape with the given number of bytes per element.
int PyBuffer_ FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly,
int flags)
AR AR A G XK, %SRRI BRI RN len 1) buf . FF A5 readonly BB AT G, bug
YR — D TAT S AT
The flags argument indicates the request type. This function always fills in view as specified by flags, unless buf
has been designated as read-only and PyBUF_WRITABLE is set in flags.

On success, set view—>obj to a new reference to exporfer and return O. Otherwise, raise
PyExc_BufferError, set view—>0bj to NULL and return —1;

NS R B A gerbufferproc B—3B5, W exporter Wik &R x4, I HbWFEAR BB ELT
f&3% flags. 5N, exporter Wosfij2& NULLS,

7.8 [HER Y

3.0 U E &R

X LEpR K2 Python 2 “IHZE i piis” AP 2RSS« 7E Python 3w, UMY AR AFTE, (HIX 2L pREA))
IR AT DA 2.x B9ACHS . BRI AR 25 o w3l ISR TR 2RSS, (BB AN ST ol S it 4R
RS B e R ) A i FE 304 1

K, WEAREF Pyobject_GetBuffer () (BEBAPyArg ParseTuple () BREUEMH v* 80 wr 74X,
i) RARE— DRI, HAEZ L TR W PyBuf fer_Release ().
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int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
1R[] A5 ) 0] AR R A5 W 5 A B LS A BE R $8 5T . obj SEUNI LR B BLF AT R op g 1.
B IR ] 0, A buffer R W AFHUIEIE K buffer_len PR g2 vh KA FE. A ISR W] -1 I 08—
TypeError,
int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
A A AN AL S AT R B R BE N AL a4 o obj SR SR BT R G R 1 o IIER ]
0, ¥f buffer BAWAFHNETEHF buffer_len B Zerh XK. HARIHR ] -1 JF &> TypeError.
int PyObject_CheckReadBuffer (PyObject *0)
MR o SCRFERECT g LI AR [A] 10 ARNGRIE 0. BpR B e 2 AT -
THE R B B RO R — G h X, I ELAE TR TN 17 o 8001 ) 2 A 1) S i i . 3R
SRR AN I PyObject _GetBuffer ().
int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
AR ] —AS g 0] W] 5 NAFHIIE R R 5T obj WA RF R B P AT et 45 11 . IR ] 0, KF buffer BN
FFHINEFFF buffer_len NG XA . AR [E] -1 H-5tE—4> TypeError,
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BEFRXRE

A I BRI BURR 2 TR 28 Python X 4 388, IR BB SAL A EADEAR B — N s R EM
Python & FH2IE]— X%, (HAHE T B4 BA IEMAERL, WM e a8 88 B, Baxt
SRAERNTH, EHHPyDict_Check (), ARIEAYLEMIZET Python X5 IERIM) “ Kt

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

8.1 BEAMR

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

8.1.1 Type &

PyTypeObject
WG C 4544 H T4A built-in 2854,
PyObject* PyType_Type
BT type XF41 type object, T 7E Python il type AFHIN S .

int PyType_Check (PyObject *0)
Return non-zero if the object o is a type object, including instances of types derived from the standard type object.
Return O in all other cases. This function always succeeds.

int PyType_CheckExact (PyObject *o)
Return non-zero if the object o is a type object, but not a subtype of the standard type object. Return O in all other
cases. This function always succeeds.

unsigned int PyType_ClearCache ()
Clear the internal lookup cache. Return the current version tag.
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unsigned long PyType_GetFlags (PyTypeObject* type)
Return the tp_ f1ags member of fype. This function is primarily meant for use with Py_LIMITED_API; the
individual flag bits are guaranteed to be stable across Python releases, but access to tp_ f1ags itself is not part
of the limited API.

3.2 B fE.
Tr 3.4 MU PR The return type is now unsigned long rather than long.

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

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

int PyType_IS_GC (PyTypeObject *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_TIsSubclass () 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 t p_new slot of a type object. Create a new instance using
the type’s tp_alloc slot.

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

s If some of the base classes implements the GC protocol and the provided type does not include the
Py TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from its parents.
On the contrary, if the type being created does include Py_ TPFLAGS_HAVE_GC in its flags then it must imple-
ment the GC protocol itself by at least implementing the tp_t raverse handle.

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 slor argument.
An exception is raised if fype is not a heap type.
3.4 Hi e

PyObject* PyType_GetModule (PyTypeObject *type)
Return the module object associated with the given type when the type was created using
PyType_FromModuleAndSpec ().

If no module is associated with the given type, sets TypeError and returns NULL.
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This function is usually used to get the module in which a method is defined. Note that in such a method,
PyType_GetModule (Py_TYPE (self)) may not return the intended result. Py_TYPE (self) may be
a subclass of the intended class, and subclasses are not necessarily defined in the same module as their superclass.
See PyCMethod to get the class that defines the method.

3.9 B .

void* PyType_GetModuleState (PyTypeObject *type)

Return the state of the module object associated with the given type. This is a shortcut for calling
PyModule_GetState () onthe result of PyType_ GetModule ().

If no module is associated with the given type, sets TypeError and returns NULL.

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

3.9 B fE.

Creating Heap-Allocated Types

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

PyObject* PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)

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 obJject.

The module argument can be used to record the module in which the new class is defined. It must be a mod-
ule object or NULL. If not NULL, the module is associated with the new type and can later be retreived with
PyType_GetModule (). The associated module is not inherited by subclasses; it must be specified for each
class individually.

This function calls PyType_Ready () on the new type.

3.9 B Tige.

PyObject* PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)

Return value: New reference. Equivalent to PyType_FromModuleAndSpec (NULL, spec, bases).

3.3 Hrge.

PyObject* PyType_FromSpec (PyType_Spec *spec)

Return value: New reference. Equivalent to PyType_FromSpecWithBases (spec, NULL).

PyType_Spec

Structure defining a type’s behavior.

const char* PyType_Spec.name
Name of the type, used to set Py TypeObject . tp_name.
int PyType_Spec.basicsize

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

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

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

8.1.
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PyType_Slot *PyType_Spec.slots
Array of Py Type_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, PyMappingMethods and PyAsyncMethods with an added Py__
prefix. For example, use:

* Py_tp_dealloctoset PyTypeObject.tp_dealloc

* Py_nb_addtoset PyNumberMethods.nb_add

* Py_sqg_lengthtoset PySequenceMethods.sq_length
The following fields cannot be set at all using Py Type_Spec and PyType_Slot:

s tp_dict

* tp_mro

* tp_cache

* tp_subclasses

* tp_weaklist

s tp_vectorcall

* tp_weaklistoffset (see PyMemberDef)

* tp_dictoffset (see PyMemberDef)

* tp_vectorcall_ offset (see PyMemberDef)

The following fields cannot be set using PyType_Spec and PyType_S1ot under the limited
APIL:

s bf getbuffer
e 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.

IE 3.9 JRTE ¥ Slots in PyBufferProcs in may be set in the unlimited API.

void *PyType_Slot .pfunc
The desired value of the slot. In most cases, this is a pointer to a function.

May not be NULL.
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8.1.2 None Y&

WYER, None fJPyTypeOb ject A HAEFE Python / C API H/AFF. fT None ZHf, WX EARR (#8
CHffif ==) MEWT. ATHFEMER, %4 PyNone_Check () ML,
PyObject* Py_None

Python None X%, FR#tZ(H. XMRGEHE T BFEE5] TR BT AT 4

Py_RETURN_NONE

IERRALFRR F C BB Py_None iRl (WALZYL, 3N None 595 T EOFRIEIE . )

8.2 F{EMR

8.2.1 ERBMR

P A B CER H DMEER N RBE B  30

1A, K Z % PyLong_aAs* APL iR o] (& B R &) -1 |, L¥EE BB F X0 k. i
M PyErr _Occurred() X4y,

PyLongObject
7 Python BE [ PyObject F2AL,

PyTypeObject PyLong_Type
XANPyTypeObject HISEHIFR Python IR AL. 5 Python 2P int AH[H .

int PyLong_Check (PyObject *p)
WREHSHZEPyLongObject B PyLongObject W TRANR M EMH . LeREL S MIAT

int PyLong_CheckExact (PyObject *p)
R [zE’J?“%ﬁlzzPyLongObJect HARPyLongObject 1 FHRBIMR I FH . HREUE 2 Ik
7.

PyObject* PyLong_FromLong (long v)
Return value: New reference. | v iR [n|—F I PyLongObject X4, KMHFiR[H] NULL .

LEI SIS T — TR, B8 -5 Al 256 Z M BT R . SR A A A
—A>int I, SEBR EAFEIR R —A % Eﬁﬁ%ﬂ’]%‘[ﬂ%

PyObject* PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. i C unsigned long ZBHUR [0 — A PyLongObiect X4, KRIKHTHR
[{] NULL .

PyObject* PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. )\ C Py_ssize_t ZRALGR [ —A I PyLongObject X4, UNR I N]R
[f] NULL ,

PyObject* PyLong_FromSize_t (size_t v)
Return value: New reference. )\ C size_t iR — P PyLongObject X4, UNH LM 8] NULL .

PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. ) C long long iR[E|—/ i PyLongObject X4, KB [E] NULL

PyObject* PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. )\ C unsigned long long iR[E—A#PyLongObject X4, SRt
iR [A] NULL ,
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PyObject* PyLong_FromDouble (double v)
Return value: New reference. M v [H3EEGR R Bl — AN Py LongObject %4, NI [ NULL

o

PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. }R1E str FAF R EHIR M — N PyLongObject , base $8ERE . WIE pend
ANJ& NULL , fpend 54§10) str HhF7m X M50 Y IS T 26— D F4F . A12R base 52 0, sr FH{HE
integers & SORMARE; TEXMMENL T, — D HESWFE#EREH I S:EF L5 K —1> ValueError . fI
base N2 0, EMHIHE 2 fl 36 Z 18], HLFE 2 Fl 36, ARG AR ETF 2 RIS 254, BRI
LI ZNG. RA R, RFHIK ValueError,

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. ¥ Unicode {7 7515545 Python 3% (H .

Deprecated since version 3.3, will be removed in version 3.10: |Hf{JPy_UNICODE API f—iB4y; i 1E A2 B
M PyLong_FromUnicodeObject ()

PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. Y7 4755 u A Unicode $ 7545534 Python BE%{H .

3.3 B RE.

PyObject* PyLong_FromVoidPtr (void *p)
Return value: New reference. M55t p Al#3—4> Python %%, R VAffi/flPyLong _AsVoidPtr () iRIAIH)
FREMHE

long PyLong_AsLong (PyObject *obj)
i1 obj ¥ C Long FiKT7 o WK obj A@dPyLongObject BSEHBI, Sl ER _index__ ()
—int__ () J5ik AR HHEEHSN Py LongObject .

TR obj MRS H T long WITERE, &5k OverflowError,
RAERRRRE] -1 . i PyErr_Occurred () RIEE X,
1 3.8 CEHC: AR R __index_ ().

38 MURERMR: _int__ O EHIEH.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
R[] obj i) C long F£ikTF . WIR obj N@pyLongObject WSLHI, M ER __index_ () B
__int__ O Jr¥k (RA) KHEEAR Py LongOb ject .

If the value of obj is greater than LONG_MAX or less than LONG_MIN, set *overflow to 1 or —1, respectively, and
return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return —1 as usual.

R RRRE] -1 . i PyErr_Occurred () SRIHE X,
TE 3.8 R Bl WHRATHRHH A __index_ ().
38 MUGERE: __int_ () E¥FH.

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 convertitto a PyLongObject.

E obj (HH long long, fiik OverflowError
AR RRRE] -1 . M PyErr_Occurred () SRIHE X,
15 3.8 N AR AT R __index_ ().

38 MREE MM __int__ () CHFH.
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long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or __int__ () method (if present) to convertitto a PyLongObject.

If the value of obj is greater than LLONG_MAX or less than LLONG_MIN, set *overflow to 1 or —1, respectively,
and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return -1 as
usual.

KAERBHRE] -1 . #HPyErr_Occurred () Fifli X,
3.2 B BE.

TE 3.8 B AR AT AR __index_ ().

38 MUGE B __int_ () C#FH.

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
Return a C Py_ssize_t representation of pylong. pylong must be an instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range fora Py_ssize_t.
KRR E] -1 . il PyErr_Occurred () ik X,

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
Return a C unsigned long representation of pylong. pylong must be an instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.
Returns (unsigned long) -1 onerror. Use PyErr_Occurred () to disambiguate.

size_t PyLong_AsSize_t (PyObject *pylong)
Return a C size_t representation of pylong. pylong must be an instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range fora size_t.
Returns (size_t) -1 onerror. Use PyErr_Occurred () to disambiguate.

unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)
Returna Cunsigned long long representation of pylong. pylong must be an instance of PyLongOb ject.

Raise OverflowError if the value of pylong is out of range for an unsigned long long.
Returns (unsigned long long)-1onerror. Use PyErr_Occurred () to disambiguate.
FE 3.1 BCE PR A negative pylong now raises OverflowError, not TypeError.

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
Return a C unsigned long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or __int__ () method (if present) to convertitto a PyLongObject.

If the value of obj is out of range foran unsigned long, return the reduction of that value modulo ULONG_MAX
+ 1.

Returns (unsigned long) -1 onerror. Use PyErr Occurred () to disambiguate.
TE 3.8 Bl AR AT A __index_ ().
38 GEME: __int_ () B¥FH.

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

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

Returns (unsigned long long) -1 onerror. Use PyErr_ Occurred () to disambiguate.
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1E 3.8 CHE R W AT AR __index_ ().
38 MEERE: _int_ () EWHH.

double PyLong_AsDouble (PyObject *pylong)
Return a C double representation of pylong. pylong must be an instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range for a double.
Returns —1. 0 on error. Use PyErr_Occurred () to disambiguate.

void* PyLong_AsVoidPtr (PyObject *pylong)
Convert a Python integer pylong to a C void pointer. If pylong cannot be converted, an OverflowError
will be raised.  This is only assured to produce a usable void pointer for values created with
PyLong_FromVoidPtr ().

Returns NULL on error. Use PyErr Occurred () to disambiguate.

8.2.2 /RIKR

Python H AT /R(E A B TR . AT Py_False Fl Py_True WM/R(EH. L, IEHAEIE
AIMER D REAE 1 T - (. (2, TNHIEATH
int PyBool_Check (PyObject *0)
R o KRR PyBool _Type MIREIE(E. MEREE RS BIIIAT.
PyObject* Py_False
Python i) False MREAEMTITIE, EFHFEMBEAMIR—FER 0G| T4

PyObject* Py_True
Python ) True X EEALMITIE, EfFLHMHAG R —FEEIHT | TR

Py RETURN_FALSE
MBREGR ] Py_False B, e eEms| HiTH4.

Py_RETURN_TRUE
MEEEGR[E] Py_True B}, FFEBEIEMTHITEG

PyObject* PyBool_FromLong (long v)
Return value: New reference. {345 v BSEPR(E, 1R\l—4> Py_True 8{# Py_False H#H5|H.

8.2.3 FRMMR

PyFloatObject
XA CEAPyobject HTIAAFK—> Python 7 %A 42 .

PyTypeObject PyFloat_Type
KRN ET C APy Typeobject I Python iF IR SLHI . 78 Python EHIHYEAL £loat 2]
— X

int PyFloat_Check (PyObject *p)
WMREMSER—APyFloatObject HFPyFloatobject B TIAMMIR I F(H. BREUE 22
AT

int PyFloat_CheckExact (PyObject *p)
IREMSER—~PyFloatobject HARPyFloatObject W TIBMR I EAE . HEREUE
AT«

PyObject* PyFloat_FromString (PyObject *str)
Return value: New reference. 1REFFFER sor EBBE— A PyFloatObject, JRIHR[E NULL,

P
N>

88 Chapter 8. EFRIMRE



The Python/C API, %% 3.9.5

PyObject* PyFloat_FromDouble (double v)
Return value: New reference. Fi{f# v fllf#—PyFloatObject ¥4, SRR [ NULL,

double PyFloat_AsDouble (PyObject *pyfloat)
IR 5] — 4~ C double X3 pyfloat ()N %5. MR pyfloat A~ & — 1> Python J% skt R {H & A f
__float__ () J7ik, WITVERF E SCtlci 1, KF pyfloat g il — M EORE IR __float_ () RsE
FEHEEE _ index_ () o AR, BEAVERHRE] -1.0, R ZEN YA PyErr_Occurred ()
AT AT 1R o
TE 3.8 UL HC: AR HRFHE __index ().

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
Rl —A~ pyfloat WS C double iR, (HBA H AR .

PyObject* PyFloat_GetInfo (void)
Return value: New reference. iR [a]—~ structseq SEf], 4o &4 % float RS B, e/ MBI B A E
Ho B2k float . h —/ M A% .

double PyFloat_GetMax ()
IR ] 55 K AT R A FREF s 4 DBL_MAX *}j C double

double PyFloat_GetMin ()
IR 8 f/NA] LR IH— AL IE 7 5 8 DBL_MIN 4 C double ,

8.2.4 BHMR

M CAPL %, Python [N G2 i PSR » SE B : — 2 FE Python A2 )3l il 1) Python X4, 55 MY
MR EIEESEY) C Z5H1k . APTHRAE T s B M AR # .

TREHW C &k

it ST R R IR X LR A S RO U R IR I R A, #R AL “E” A5 ReET. el
i AN APL

Py_complex
R — X Python RO ST /Y C SR . 4 K734k BRAZ HEO0T 52 1) R B5GHT X 28 B A 2544
WA A SCE A, el S8 -

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

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

REIPHAZ LA, ] CRBPy complex IR,

Py_complex _Py_c_dif£f (Py_complex left, Py_complex right)
REIPAE RN 2, ] CRABPy complex RN,

Py_complex _Py_c_neg (Py_complex num)

R SR num §5AE, ] C Py_complex FR.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
REPAEZH R, B CERPy complex FiR.

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
R AT, H C KAPy_complex FiR.

W divisor 2S5, EANITEIREBIZEHRE errno S5 EDOM,
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Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
1R [B] num ) exp K&, ] C2EABpy complex TN,

U2 num s B exp AGRIESERL, XA iR A FHBLE errno 24 EDOM.

FRE#HH) Python &

PyComplexObject
XA CEAryobject HTIAAFK—4> Python ZHXIR .

PyTypeObject PyComplex_Type
XEANET C APy Typeobject B FE Python &2 52 ARG 5L, Fl Python ZTHAYZE complex J&
[l — R4

int PyComplex_Check (PyObject *p)
IR ERSHR— > PyComplexObject B# PyComplexObject T RANLR M EME . HRHEZ
ST .

int PyComplex_CheckExact (PyObject *p)
IR ERSHR— 1 PyComplexObject (AR PyComplexObject MFIRAMLR I HAH . HLpRELE.
e MIINAT .

PyObject* PyComplex_FromCComplex (Py_complex v)
Return value: New reference. 131 C 258 py_ complex MM{EA — 1Y Python & 5i%t4 .

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. ¥Rl real 1 imag 12 [8]—/ N8 C 22 pyComplexObject R4 .

double PyComplex_RealAsDouble (PyObject *op)
PA C 287 double iR Al op SEH.

double PyComplex_ImagAsDouble (PyObject *op)
PA C 2k# double iR[8] op FAIREES.

Py_complex PyComplex_AsCComplex (PyObject *op)
RAEE op 1) C 2K Py _complex {H,

W op R2—A> Python 5%t %, (HRHEA __complex_ () ik, WHERFHEILWRM, ¥
op ok —> Python ZE %, WA __complex_ () K& XMKFEIERE _ float_ (), UIE
__float__ () REXNPEELEEZE __index__ (). WM, W ERRRE] -1.0 fER5e%kE.

e 3.8 RSN AR AT PR __index_ ().

8.3 FFIIMR

PRSI A AR T — B e s A9 704 Python 155 [ IR 2R B P FI A 4R
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8.3.1 FHMR

M —ADTFIHIES A — B RIE SRR, X ERART K TypeError,

PyBytesObject
XFhPyobject HFREFIR—4> Python FATXIR.

PyTypeObject PyBytes_Type
pyTypeObject KB R —1 Python F2EA, 7& Python EH'EYH bytes @HFXIR.

int PyBytes_Check (PyObject *0)
WERXFR 0 J&—> bytes X R EF bytes FEAURY T ARAU B SLHNNIR W FAH . B pR LR E 2 T

int PyBytes_CheckExact (PyObject *0)
WERXFZ 0 52— bytes XfREAZ bytes AR T-F AU SLHI MR I EAE . BEREUR R 2 AT

PyObject* PyBytes_FromString (const char *v)
Relurn value: New reference. JNINI} IR Bl —ANPAFERFER v I EIAS B Er Za 8864, SRMERTR 9] NULL,
Z v ANl NULL; EASRA.

PyObject* PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. I} iR Al —APAFAFE v B RIAHE HACEE R len W FAT XS, RIK
iR [E] NULL. 402 v 2 NULL, WARIIRAL TR RN .

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. 35—/~ C printf () XA&H format FAFE IS HR S5, TE SR
Python S35 B X 1 R/INFIR RIS HUE ZAS AL G EA X 4. AR BUE S5 e C R809F
HW AT format FAFER A Rg N FAFR Y. . ARV R 2SN A R

%% & % FAF o

$c int — T, %Jj’i%%iﬁﬂ—/l\ C it s mysEal

%d int M2YTF printf ( megn) .

$u TR SEER | ST printf ("su").]

$1d KAy MHYT printf ("$1d").!

$1u A5 KA | 4T printf ("s1lu").

szd Py_ssize_t MY T printf ("$zd").!

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

%1 int MY T printf ("sim). T

$x int MM T printf ("sx").T

$s const char* PA null 22 IF5F0Y C ?ﬁﬁéﬂo

$p const void* —A~ CHE T AR RIEA . HASSN T print £ ("sp") HE
PRATFIE 0x 13k, NMBRGT-H L print £ k124,

;E&i PO AT & FEFAS P AT R AR T WA IR R RIS X &, EFrE 2 RS

PyObject* PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 5 PyBytes_FromFormat () 5e4fHE], BT EFEZHISE.

PyObject* PyBytes_FromObject (PyObject *0)
Return value: New reference. 3 [B] 7 Fe /R SE IR XML EI R & *0*,

Py_ssize_t PyBytes_Size (PyObject *0)
14k 5 Fo* TR K.
USSP (d, u, Id, lu, zd, zu, i, x): MSAHEER, 0 RS RARN.
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Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
TAN PyBytes Size () (H@ AR IRA o

char* PyBytes_AsString (PyObject *0)
REIXTR. o BN HRET . ZAREHE N o BINTRZEMIX, HPE len (o) + 15T, XK
BE— MNP RRNE, MEREAEHAMS TN RERA T ES AR e AR, BRAEZ R
PyBytes_FromStringAndSize (NULL, size) BIEHZXS. B ARG SHE. W5 o AN
—ANFEHEWE, WPyBytes AsString () ¥ik[E] NULL #5| % TypeError,

char* PyBytes_AS_STRING (PyObject *string)
FIAM PyBytes_AsString () RN HE AL .

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
T AL H A8 5 buffer 7l length 1R8] DA null Sy 28 [EAFHIRT S obj HINZS o

UN2R length 2y NULL, “FH7HR X QA ST iR A B 25905 AR, MR BCR R e -1 951 &

ValueError,

R IX TG ] obj FINEBZEN, ERRRBESG —DEOMIEFEN ORBAE length 24 ) o 2R AT #
ROk, BRIEENIfEH PyBytes_FromStringAndSize (NULL, size) BIEHZNS. ©
AT /L. W2R obj IRARN @ — DS, WryBytes AsStringAndSize () ¥fiR[E -1
HE| % TypeError,

16 3.5 BOEW: PART, 247735 Epo g b il B AR 257 T3 | & TypeError,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
TE *bytes PAVHGHT I TP ERXSR , HAp SIS bytes 1) newpart FINZS ;s T HIEREARAS RIS T o X
bytes JSAE G FIRFC AT . QR TCIEBIBIRI SR, X bytes (IHTG | SRR 55 H. *bytes WIMECRF#E N
NULL; FHRF EOE 24 ) 55

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
15 *bytes "PRIHGEH AT RS, Hh &3S E] bytes 1) newpart )NZS . BRAS 2820 newpart 15|
L

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
B AT RN — R 730, RIS ORTIAERFG” . 7 SN TR R I AR 4 R
TR Y HAB TR 2 R T 5 50 A 2R A1 ER XA 5 1RO S — DUl I Ot e 4
PRAE . B A— B AR XTSI/ Ivalue (BETTRESWB A ), HAEAR LRI/, 48
IF, *bytes FEAFHTSUALE R/ NG I 1 ER AT IR IE] 05 *bytes ) HIHETT BB H A AMEA 7] R E BT
SR, W *bytes b RYIETATER XS GORF BRI T, *bytes S4(CH NULL, [H]I#E MemoryError
Fra ] -1,

8.3.2 FHRHAMR
PyByteArrayObject
XANPyObject HFRAFEIR—> Python “FHr 4T A .

PyTypeObject PyByteArray_Type
Python bytearray 28R Py TypeObject HISEHI; X5 Python 2 bytearray EAHEHINE .
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KEEE

M

int PyByteArray_Check (PyObject *o)
WERRIR o0 &—A> bytearray X G5 # bytearray JEA %) 5~ AU 1) SLBI M 8] ELAR . pR AR R 2 2 A
7.

int PyByteArray_CheckExact (PyObject *0)
WA S 0 J2—> bytearray XTG{H A2 bytearray FERU ) 1R AYSLBI WIR [0 FLAH . HEpR AR
HAT.

2 W)

P

E## APl B$

PyObject* PyByteArray_FromObject (PyObject *0)
Return value: New reference. }RYEARATSZI T 42 iF R0 BN o, 3R [0 — N AU T 42 .

PyObject* PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)

Return value: New reference. F4Jg string N HACJE len B — ) bytearray X4, 24 23R 7] NULL,
PyObject* PyByteArray Concat (PyObject *a, PyObject *b)

Return value: New reference. JEREFTHE a 1 b IR Bl — A 45 R WHT 0 =0 804 .

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
TERG A NULL $841 J51R 8] bytearray R/

char* PyByteArray_ AsString (PyObject *bytearray)
TERS AL NULL $841 5 1R [ bytearray R [BG—AFAFEEH . IR IO RCALE & & I I— B MY =5 5717

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)

FF bytearray W) INERGE v X1 K/ INJERE Ay len o

M}

XEE AR ZE A PE DA RE , AT SRS .
char* PyByteArray_AS_STRING (PyObject *bytearray)
C ¥ (PyByteArray AsString () WIS,

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
C fpyByteArray Size () WZERA.

8.3.3 Unicode & F014mtEA26528
Unicode &

E M python3.3 Fi5ZEL T PEP 393 PASK, Unicode X475 N EBMH & Fhen s, DAELERRE: N TE iﬁCKE’JIZJHT
R FRSEREE YY) Unicode 4. XFF A AU ARG T 128, 256 B 65536 I FAFHR, A —LERpskif bL;
M, AR ST 1114112 (X252 A Unicode 5 ) .

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.
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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 APIL.

{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_UCsS1
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 IR H 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 TypeObject 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. This function always succeeds.
int PyUnicode_CheckExact (PyObject *o)

Return true if the object o is a Unicode object, but not an instance of a subtype. This function always succeeds.
int PyUnicode_READY (PyObject *0)

Ensure the string object o is in the “canonical” representation. This is required before using any of the access

macros described below.

Returns O on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 B fE.

Deprecated since version 3.10, will be removed in version 3.12: This API will be removed with
PyUnicode_FromUnicode ().
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Py_ssize_t PyUnicode_GET_LENGTH (PyObject *0)
Return the length of the Unicode string, in code points. o has to be a Unicode object in the “canonical” represen-
tation (not checked).

3.3 B fE.

Py_UCSI* PyUnicode_1BYTE_DATA (PyObject *0)

Py_UCS2* PyUnicode_2BYTE_DATA (PyObject *0)

Py_UCS4* PyUnicode_4BYTE_DATA (PyObject *0)
Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
PyUnicode_KIND () to select the right macro. Make sure PyUnicode_ READY () has been called before
accessing this.

3.3 B HhE.
PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND

PyUnicode_4BYTE_KIND
Return values of the PyUnicode KIND () macro.

3.3 Bl Tse.
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND is deprecated.

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

3.3 B .

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 .

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 BRI HE.

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.

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 .
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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
tousing PyUnicode_GET_LENGTH().

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *0)
Return the size of the deprecated Py_ UNTCODE representation in bytes. o has to be a Unicode object (not checked).

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
tousing PyUnicode_GET_LENGTH().

Py_UNICODE* PyUnicode_AS_UNICODE (PyObject *o)

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).

JE 3.3 R T #: This macro is now inefficient -- because in many cases the Py UNICODE representation does not
exist and needs to be created -- and can fail (return NULL with an exception set). Try to port the code to use the
new PyUnicode_nBYTE_DATA () macros or use PyUnicode WRITE () or PyUnicode READ ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using the PyUnicode_nBYTE_DATA () family of macros.

int PyUnicode_IsIdentifier (PyObject *o)
Return 1 if the string is a valid identifier according to the language definition, section identifiers. Return O otherwise.

T 3.9 JiR P The function does not call Py_FatalError () anymore if the string is not ready.

Unicode Z#FEH

Unicode provides many different character properties. The most often needed ones are available through these macros
which are mapped to C functions depending on the Python configuration.

int Py_UNICODE_ISSPACE (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a whitespace character.

int Py_UNICODE_ISLOWER (Py_UNICODE ch)
Return 1 or 0 depending on whether c/ is a lowercase character.

int Py_UNICODE_ISUPPER (Py UNICODE ch)
Return 1 or 0 depending on whether ch is an uppercase character.

int Py _UNICODE_ISTITLE (Py_UNICODE ch)
Return 1 or 0 depending on whether ch 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 ch is a digit character.

int Py_UNICODE_ISNUMERIC (Py UNICODE ch)
Return 1 or 0 depending on whether c/ is a numeric character.
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int Py_UNICODE_ISALPHA (Py_UNICODE ch)
Return 1 or 0 depending on whether c#/ is an alphabetic character.

int Py_UNICODE_ISALNUM (Py_ UNICODE ch)
Return 1 or 0 depending on whether ch is an alphanumeric character.

int Py_UNICODE_ISPRINTABLE (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a printable character. Nonprintable characters are those characters
defined in the Unicode character database as "Other” or “Separator”, excepting the ASCII space (0x20) which is
considered printable. (Note that printable characters in this context are those which should not be escaped when
repr () is invoked on a string. It has no bearing on the handling of strings written to sys.stdout or sys.
stderr.)

These APIs can be used for fast direct character conversions:

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

3.3 5 B #8%: This function uses simple case mappings.

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

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

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

3.3 {5 EL#%F4:: 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 <= OxDBFF).

Py_UNICODE_IS_LOW_SURROGATE (ch)
Check if ch is a low surrogate (0xDC0O0 <= ch <= OxDFFF).

Py_UNICODE_JOIN_SURROGATES (high, low)
Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the leading and
trailing surrogates in a surrogate pair.
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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 RE.

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 RE.

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 printf ()-style format string and a variable number of arguments,
calculate the size of the resulting Python Unicode string and return a string with the values formatted into it. The
variable arguments must be C types and must correspond exactly to the format characters in the format ASCII-
encoded string. The following format characters are allowed:
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%% TN ¥ %o FAY o

$c B AR, Rk C i%%é’ﬂi@%ﬂo

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

su iR £ 4T printf ("su") !

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

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

s1lu TAF SRR H24T printf ("$1u™).!

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

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

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

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

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

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

51 Al ST printf("sim)

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

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

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

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

SA PyObject* ascii () FEHMSR.

$U PyObject* A Unicode object.

SV PyObject*, const char* | A Unicode object (which may be NULL) and a null-terminated C
character array as a second parameter (which will be used, if the first
parameter is NULL).

%S PyObject* The result of calling PyObject_Str().

%R PyObject* The result of calling PyObject_Repr ().

An unrecognized format character causes all the rest of the format string to be copied as-is to the result string, and
any extra arguments discarded.

{Ef#: The width formatter unit is number of characters rather than bytes. The precision formatter unit is number
of bytes for "$s" and "$V" (if the PyObject* argument is NULL), and a number of characters for "$A",
"$U", "$S", "$R" and "$V" (if the PyObject* argument is not NULL).

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

PyObject* PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Identical to PyUnicode_FromFormat () except that it takes exactly two argu-
ments.

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 byfes-like objects are decoded according to the given encoding and using the error
handling defined by errors. Both can be NULL to have the interface use the default values (see Built-in Codecs for
details).

All other objects, including Unicode objects, cause a TypeError to be set.

! For integer specifiers (d, u, 1d, 1i, lu, 1id, 11i, Ilu, zd, zi, zu, i, X): the O-conversion flag has effect even when a precision is given.
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The API returns NULL if there was an error. The caller is responsible for decref’ing the returned objects.

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Return the length of the Unicode object, in code points.

3.3 B

Py_ssize_t PyUnicode_CopyCharacters (PyObject  *to, Py_ssize_t to_start,  PyObject  *from,

Py_ssize_t from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when necessary

and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise returns the number
of copied characters.

3.3 B HE.

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
Fill a string with a character: write fill_char into unicode [start:start+length].
Fail if fill_char is bigger than the string maximum character, or if the string has more than 1 reference.

Return the number of written character, or return —1 and raise an exception on error.
3.3 FrhR e

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Write a character to a string. The string must have been created through PyUnicode_New (). Since Unicode
strings are supposed to be immutable, the string must not be shared, or have been hashed yet.

This function checks that unicode is a Unicode object, that the index is not out of bounds, and that the object can
be modified safely (i.e. that it its reference count is one).

3.3 BRI HE.

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Read a character from a string. This function checks that unicode is a Unicode object and the index is not out of
bounds, in contrast to the macro version PyUnicode READ_CHAR ().

3.3 BRI HE.

PyObject* PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return 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 .

Py_UCS4* PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
Copy the string u into a UCS4 buffer, including a null character, if copy_null is set. Returns NULL and sets an
exception on error (in particular, a SystemError if buflen is smaller than the length of u). buffer is returned on
success.

3.3 BRI HE.

Py_UCS4* PyUnicode_AsUCS4Copy (PyObject *u)
Copy the string u into a new UCS4 buffer that is allocated using PyMem_Malloc (). If this fails, NULL is returned
with a MemoryError set. The returned buffer always has an extra null code point appended.

3.3 BRI HE.
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Deprecated Py_UNICODE APIs

Deprecated since version 3.3, will be removed in version 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.

If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the resulting
Unicode object is only allowed when u is NULL.

If the buffer is NULL, PyUnicode_READY () must be called once the string content has been filled before using
any of the access macros such as PyUnicode KIND ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate to
using PyUnicode_FromKindAndData (), PyUnicode_FromWideChar (),or PyUnicode_New ().

Py_UNICODE* PyUnicode_AsUnicode (PyObject *unicode)
Return a read-only pointer to the Unicode object’s internal Py_ UNICODE buffer, or NULL on error. This will
create the Py UNICODE * representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py_ UNICODE string may also contain embedded null code
points, which would cause the string to be truncated when used in most C functions.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

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_ UNTICODE 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 UNICODE 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_ UNTCODE () array length (excluding the extra null
terminator) in size. Note that the resulting Py_ UNTCODE * string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.3 B .

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

Py_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_ UNTCODE * string may contain embedded null code points, which would cause
the string to be truncated when used in most C functions.

3.2 B .

Please migrate to using PyUnicode_AsUCS4Copy () or similar new APIs.
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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
tousing 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.

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 W

The Py_DecodeLocale () function.

3.3 B e

TE 3.7 WU 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 B RE.

PyObject* PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Encode a Unicode object to UTF-8 on Android and VxWorks, or to the current locale
encoding on other platforms. The supported error handlers are "strict" and "surrogateescape" (PEP
383). The encoder uses "strict" error handler if errors is NULL. Return a bytes object. unicode cannot
contain embedded null characters.

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding (the
locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
S
The Py_EncodeLocale () function.

3.3 BRI HE.
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TE 3.7 WU B 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
PyBytesObject * which must be released when it is no longer used.

3.1 FiRE.
TE 3.6 R M 2 — AR b2 £

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 st r using PyUnicode_DecodeFSDefaultAndSize (); str objects are output as-is. result
must be a PyUnicodeOb ject * which must be released when it is no longer used.

3.2 B RE.
1E 3.6 BUHEL: 52— Rk 422 7o

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

The Py_DecodeLocale () function.
TE 3.6 iR : Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Decode a null-terminated string using Py_FileSystemDefaultEncoding
and the Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
JE 3.6 fJREEL: 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 byt es. Note that the resulting bytes
object may contain null bytes.
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If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

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

S

The Py EncodeLocale () function.

3.2 B EIRE.

JE 3.6 JRTEEL: Use Py_FileSystemDefaultEncodeErrors error handler.

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 BRI HE.

TE 3.7 U PR : Raises a ValueError if size is NULL and the wchar_t * string contains null characters.

Built-in Codecs

Python provides a set of built-in codecs which are written in C for speed. All of these codecs are directly usable via the
following functions.

Many of the following APIs take two arguments encoding and errors, and they have the same semantics as the ones of
the built-in st r () string object constructor.

Setting encoding to NULL causes the default encoding to be used which is UTF-8. The file sys-
tem calls should use PyUnicode_FSConverter () for encoding file names. This uses the variable
Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some systems,
it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes setlocale).

Error handling is set by errors which may also be set to NULL meaning to use the default handling defined for the codec.
Default error handling for all built-in codecs is “strict” (ValueError is raised).

The codecs all use a similar interface. Only deviation from the following generic ones are documented for simplicity.
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Generic Codecs

These are the generic codec APIs:

PyObject* PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char *errors)
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 st r () built-in function. The codec to
be used is looked up using the Python codec registry. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)
Return value: New reference. Encode a Unicode object and return the result as Python bytes object. encoding and
errors have the same meaning as the parameters of the same name in the Unicode encode () method. The codec
to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding, const char *er-

rors)
Return value: New reference. Encode the Py_UNTCODE buffer s of the given size and return a Python bytes object.

encoding and errors have the same meaning as the parameters of the same name in the Unicode encode () method.
The codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the
codec.

Deprecated since version 3.3, will be removed in version 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 consumed

is not NULL, trailing incomplete UTF-8 byte sequences will not be treated as an error. Those bytes will not be
decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
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 Frihfe.
JE 3.7 IR B PR 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 BRI HE.
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TE 3.7 2 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 UNICODE buffer s of the given size using UTF-8 and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py _UNICODE
API; please migrate to using PyUnicode_ AsUTF8String (), PyUnicode AsUTF8AndSize () or
PyUnicode_ AsEncodedString ().

UTF-32 Codecs

These are the UTF-32 codec APIs:

PyObject* PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference. Decode size bytes from a UTF-32 encoded buffer string and return the corresponding
Unicode object. errors (if non-NULL) defines the error handling. It defaults to “strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == —-1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first four bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorderis -1 or
1, any byte order mark is copied to the output.

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.

Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors, int *by-

teorder, Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF32 (). If consumed

is not NULL, PyUnicode_DecodeUTF32Stateful () will not treat trailing incomplete UTF-32 byte se-
quences (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 byte-

order)
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.
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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 AsUTF32String () or PyUnicode_AsEncodedString().

UTF-16 Codecs

These are the UTF-16 codec APIs:

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Decode size bytes from a UTF-16 encoded buffer string and return the corresponding
Unicode object. errors (if non-NULL) defines the error handling. It defaults to strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first two bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorderis -1 or
1, any byte order mark is copied to the output (where it will result in either a \ufeff or a \uf f fe character).

After completion, *byfteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF16Stateful (const char *s, Py_ssize_t size, const char *errors, int *by-

teorder, Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF16 (). If consumed

is not NULL, PyUnicode_DecodeUTF16Stateful () will not treat trailing incomplete UTF-16 byte se-
quences (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 byte-

order)
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 O, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is defined, a single Py_ UNICODE 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 consumed

is not NULL, trailing incomplete UTF-7 base-64 sections will not be treated as an error. Those bytes will not be
decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py_ssize_t size, int base64SetO,

int base64 WhiteSpace, const char *errors)
Return value: New reference. Encode the Py UNTCODE buffer of the given size using UTF-7 and return a Python

bytes object. Return NULL if an exception was raised by the codec.

If base64SetO is nonzero, “Set O” (punctuation that has no otherwise special meaning) will be encoded in base-64.
If base64 WhiteSpace is nonzero, whitespace will be encoded in base-64. Both are set to zero for the Python "utf-7”
codec.

Deprecated since version 3.3, will be removed in version 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 *errors)
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.
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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.

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 UNTCODE 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_DecodeASCITI (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_ UNTCODE 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 ().
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Character Map Codecs

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done to
obtain most of the standard codecs included in the encodings package). The codec uses mapping to encode and
decode characters. The mapping objects provided must support the __getitem__ () mapping interface; dictionaries
and sequences work well.

These are the mapping codec APIs:

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
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 O to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals) or None. Unmapped
data bytes -- ones which cause a LookupError, as well as ones which get mapped to None, OXxFFFE or '\
ufffe', are treated as undefined mappings and cause an error.

PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
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 UNICODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 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. Un-
mapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors has the usual meaning for codecs. It may be NULL which indicates to use the default error handling.

PyObject* PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors) . )
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
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MBCS codecs for Windows

These are the MBCS codec APIs. They are currently only available on Windows and use the Win32 MBCS converters
to implement the conversions. Note that MBCS (or DBCS) is a class of encodings, not just one. The target encoding is
defined by the user settings on the machine running the codec.

PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
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 consumed
is not NULL, PyUnicode_DecodeMBCSStateful () will not decode trailing lead byte and the number of
bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)
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.

PyObject* PyUnicode_EncodeMBCS (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 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.
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Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int di-

rection)
Return 1 if substr matches str [start :end] at the given tail end (direction == —1 means to do a prefix match,

direction == 1 a suffix match), 0 otherwise. Return —1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
Return the first position of substr in str [start :end] using the given direction (direction == 1 means to do a
forward search, direction == —1 a backward search). The return value is the index of the first match; a value of —1
indicates that no match was found, and -2 indicates that an error occurred and an exception has been set.

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direction)
Return the first position of the character chin str [start : end] using the given direction (direction == 1 means
to do a forward search, direction == —1 a backward search). The return value is the index of the first match; a value
of —1 indicates that no match was found, and -2 indicates that an error occurred and an exception has been set.

3.3 B Tfe.
TE 3.7 B start and end are now adjusted to behave like str[start:end].

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Return the number of non-overlapping occurrences of substr in str [start:end]. Return -1 if an error oc-
curred.

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
Return value: New reference. Replace at most maxcount occurrences of substr in str with replstr and return the
resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)
Compare two strings and return —1, 0, 1 for less than, equal, and greater than, respectively.

This function returns —1 upon failure, so one should call PyErr_Occurred () to check for errors.

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Compare a Unicode object, uni, with string and return —1, 0, 1 for less than, equal, and greater than, respectively.
It is best to pass only ASCII-encoded strings, but the function interprets the input string as ISO-8859-1 if it contains
non-ASCII characters.

This function does not raise exceptions.

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

e NULL in case an exception was raised
e Py_True or Py_False for successful comparisons
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_FEQ, Py_NE, Py_LT,and Py_LE.

PyObject* PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. Return a new string object from format and args; this is analogous to format %
args.

int PyUnicode_Contains (PyObject *container, PyObject *element)
Check whether element is contained in container and return true or false accordingly.

element has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **string)
Intern the argument *string in place. The argument must be the address of a pointer variable pointing to a Python
Unicode string object. If there is an existing interned string that is the same as *string, it sets *string to it (decre-
menting the reference count of the old string object and incrementing the reference count of the interned string
object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification: even
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though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you own the
object after the call if and only if you owned it before the call.)

PyObject* PyUnicode_InternFromString (const char *v)
Return  value: New  reference. A combination of PyUnicode FromString() and
PyUnicode_InternInPlace (), returning either a new Unicode string object that has been interned,
or a new ("owned”) reference to an earlier interned string object with the same value.
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“h3& 1) Python S M) J5%E n > C 2%, PyTuple_Pack (2, a, b) fl Py_Buildvalue (" (00)",
b) FH55.
Py_ssize_t PyTuple_Size (PyObject *p)
RER TN R, R FHZITCH AR /IN.
Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
REITCH p RN, BTN IE NULL H HAR I — o4 AP TH R A
PyObject* PyTuple_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. J2[1] p Fr3g i e, (VT pos AbHIXT5 . R pos @ H FLHR, &[]
NULL, Ff#iH— IndexError BH.

PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. J3M T PyTuple_GetItem(), {EAKEHSE.
PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. IR0 p AT IR TCAIY A, FE low Fl high 2 |8], BUEAESRMEI R [7] NULL,
%% [T Python RiAH p[low:high] . AFMINFAKEET.

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
1E p Fa 1] ) TT LY pos FEEIHAXRI R o 51« IR 05 fI2 pos EFL, WM -1, Ff4lH—

A~ IndexError B,

AR MRS “HiEC XFo MG, HFEFRCAT EAEZE MO ER A H G

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
KT PyTuple SetTtem(), HABATHIRIA, HHMZ R APNRIEEEFITTH.
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i XPNES k" — W o 51, (H5PyTuple setItem() A, € & EFFXIMEMHE
BTG TTH T pos (L AT | F#RRE B -

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
A AT IRETTHRI RN newsize F5 i@ TTHAFAC L . [ TCEH #OA A RA TSR, At ULHTEXTR
A —D5I N, ANIZEHE. aRcd e @ ry iR g A, SR . Tdlfe
IE BSR4 /N . WEEELHRIHTHIFQE - MHcd, RaEas. mEmhamE o %
PR A MWABRGE *p W25 AR5 R AT LR B AR e 7] 2R T o SUHRIXS S, WG
*p KERREEER . RIGET, &[] “-1¢) K *p W E N NULL, FH5|X MemoryError Bi# SystemError,

8.3.5 SHIFFFIXR

LR P I G2 5N T namedtuple () W CXIR, BI—ANF51, H i B W DAE R E DT . 22008
LERIFPS, AR E Fe R B E I S5 B 26 A
PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)

Return value: New reference. TR desc ) B8 ) & — AN B O S5 M9 7 5 2884, R Brads. mT DAGE
M PystructSequence_New () Bl 45 ST 1) SE4

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc FEHIAT IR A ZE AT 528 rype.

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
4j PyStructSequence_InitType Mfl, HAZIRRIE 0, KILHFRIE -1 .

3.4 BRI HE.

PyStructSequence_Desc

(RSl IS I B UPTR ) SE

1, C z8 BX

name const char * LA ESPOEZR

doc const char * i 10 B2 R AU SO A AF R B NULL [ %T

fields PyStructSequence_Field| ¥ DA NULL &5 B ECAH 384T, HFEBELH N
* A

n_in_sequence int Python fIl] ] UL i) 7 Be gk (AnsR HAEC)

PyStructSequence_Field
A 4 F P 0 — A7 B 5 26 10 PURCRBO SE LR, AT 5 B ) % 2 R pyobece .
fEPyStructSequence_Desc [ fields FNHFHIRTIMIE T 45HF iR TE. .

i, | C kAl BX
name const OB 4 PR B NULL B 45 R iy 44 F B A R, ik B

char * “NPyStructSequence_UnnamedField DMEE R4 7B
doc | const B ) B AT R B NULL
char *

const char * const PyStruct Sequence_UnnamedField

F B AR R AR PR R R 24 RS
T 3.9 RS XARAEM char * B,

PyObject* PyStruct Sequence_New (PyTypeObject *type)
Return value: New reference. )33 type [ SEH , Z LBl PySt ruct Sequence _NewType () B,
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PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. & [7| p Fr48 a1 &5H) 75 o, 7T pos KRR S . Aas B 7 FAG A

PyObject* PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem () WA,

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
FEEEHTH p FZRT| pos AW F B E A 0o HPyTuple SET_ITEM() —#f, BIWIZAMTHEA
LBl

A XAREC BTHC T o 5.

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem () HZHA.,

A XAREC BT TR o 5.

8.3.6 FIRIMR

PyListObject
XA CE A Pyobject HTHEAMAK— Python FJELXF R .
PyTypeObject PyList_Type
XA @ T Py Typeobject KR Python 1R KA LB . 7F Python JRHIFIZEAY 1ist 42 [F—/Rf
%
int PyList_Check (PyObject *p)
MR p Jg—A> list RGBT list ZEAU 1) 12 B0 SBR[ EE . R EUR R S BT .
int PyList_CheckExact (PyObject *p)
WA p @A list MPGUEAZ list AL T-2RALN SBR[ B . MR BRI T .
PyObject* PyList_New (Py_ssize_t len)
Return value: New reference. I B} [0 — /N JF K len HYETH 3%, g% [B] NULL,

Wi 24 len KT Z0F, Bk 1B W5 £ X2 0 H ¥ L NULL, B AR g H 25U C &
B pysequence_SetItem() WS API 8{&E H C ¥k PyList_SetItem () YW H & E N E
SRS HEN Python AR A FFiX X4

Py_ssize_t PyList_Size (PyObject *list)
R[] list PAN RN R E; XFETHESFNLMA len (1ist) o

Py_ssize_t PyList_GET_SIZE (PyObject *list)
TR C EfpyList_Size () , WA,

PyObject* PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. 1R 7] list fr¥5 0|33 H index (Vi B _FIXT 5. (BN NAEEG A
THREMIN R R BIATERG . W index B H 715 (<0 or >=len(list)), Wik[A] NULL Jfi% % IndexError
.

PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. 721U C BREPyList_GetItem() , T&AHEIREGIM .
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int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
fhﬁj%:ij%gljymdex MR R item o IR ] O, QSR index 8 H 5 B 3R 0] -1 F3% %€ IndexError
.

TR MRS “fikE” — X item W5 N H ZFE— DX R P ZE S EREA & H G .

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
NG )RR A Py List_Set Ttem (). JEIEE KM T oL h 2 BisA WA AL E AT
Fo

W ZES “Mk” — R item 5 H, B5PyList SetTtem() REMKEE K& EFITMH
i HE’J%IH% e list 1) i AEE_EREEATS ] AR Bt % .

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
K555 B item THAFNHN K list B51%5 index Z FIALE . AR MIHFFIRI] 05 QAR WER M -1 Hi%
B—1TRE. 4T list.insert (index, item),

int PyList_Append (PyObject *list, PyObject *item)
FEXFGR item FMBNF) R list WA . WERBITRRE] 05 WA IR ] -1 B D RE. Y

T list.append(item),

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference WREl—AKFRANFE, A list 40T low F high Z R X5, GRS T
IR Bl NULL H B SR . M2 F list [low:high]. NEFRMIIFKREHTTEREI.

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Y- list 2470 low 5 high 22 18] {Y] H iR itemlist (N « FH24 T 1ist [low: high] = itemlist.itemlist
AIPAH NULL, FORRE I —A250% (WY ) . BEhEhgE o, RIEEHRN] -1, X BN SRS
FARREHITRY].

int PyList_Sort (PyObject *list)

Xt list 2% H AT R HER . BN ] 0, R IR o EEEMT list.sort (),
int PyList_Reverse (P) Object *list)
X list WA H AT ISR . BTIIF IR ] O, R M IR o XENT list.reverse ().

PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. 1R [B|— A JCANT &, HAP LS list (9N ST tuple (list) .

8.4 FAMR
8.4.1 FHIR

PyDictObject
XAPyobject I TRAAFK—4 Python FHXI5 .
PyTypeObject PyDict_Type
Python ‘PRI KRN Py TypeObject 5], X5 Python JZTHIY dict AHFIAIXTSR .

int PyDict_Check (PyObject *p)
MR p J2—A> dict MR dict BB T 2RAUR LB R W B . R AR Z 2 AT

int PyDict_CheckExact (PyObject *p)

R p @—A> dict XFREAZ dict AR T I AU SLHINR I FAE . BEeR AR & & I ihAT .«
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PyObject* PyDict_New ()
Return value: New reference. 12 [l — AN 2s L, 2RI R [B] NULL,

PyObject* PyDictProxy_New (PyObject *mapping)
Return value: New reference. 1)2@ types.MappingProxyType XUL%, Fﬁﬁcgﬁ ﬁ?ﬂi‘ﬂﬁﬁﬁﬁﬁ El/ﬂ HJ%ETO
XS T EAL IR AR IR S E s AR B R 7 i

void PyDict_Clear (PyObject *p)
T2 B T3 A B

int PyDict_Contains (PyObject *p, PyObject *key)
T5E key Se AL SAET M p H e QIR key PUFC b p BORE—30, MM 1, FRWERIE 0 o 3R [0 -1 FR i
Bo X% [W T Python KikH key in p.

PyObject* PyDict_Copy (PyObject *p)
Return value: New reference. 32815 p 455 FH [a] A8 (E X 17 8 -4l

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
U] key YENBERF val Sl AF- I po key WbJNhashable; WIRAZE, WPRFG| % TypeError, BIIEFR[H
0, KMFRE] -1, BLeREL R 2R val 1951 -

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
] key fF N B K val fE A B F M po key V24 Ol const char*. f# X R 2 M
PyUnicode_FromString (key) B2 . WIEHRE 0, KMEHREl -1, R R val B
1.

int PyDict_DelItem (PyObject *p, PyObject *key)
BT I p h B key 9 H . key BAURTIAAM: MEAR, AT %K Typerrror, HIRFI
BH key, W25k ReyError. MIIHHRE 0, RWHHRE] -1.

int PyDict_DelItemString (PyObject *p, const char *key)
o7l p i AT key TRERVREAIACH o WERTIABLA key, WIATGIK KeyError. WY A
O ) %m&ﬁrj‘ﬁ[ﬂ -1 o

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)

Return value: Borrowed reference. M FH p tPiR [B] DA key “MERINTS . WIREES key NFEAEH R A KB —
AN S8 3R 9] NULL,

FEEEME, W _hash__ () M _eq () FEFAEMEHASHEME. &

HlPyDict_GetItemWithError () FAHE IR

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () WZASFN, BASFEM ST . Y55 &4 PR b
NULL JF iR E— 58 WEREAFENR P NULL JE AR E— D75 .

PyObject* PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. X5 PyDict_GetItem () —Fk, {HE key #1858 E N const char*, I
NEPyObject *,
TEHEREME, WA _hash__ () . __eq__ () FIEMAIE—MIEE PR S 1) 5 R 2
W H . S PyDict_GetItemWithError () iS4 IRI4E .

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. iX it Python 2] dict .setdefault () —FkE. IR key F7E, B
RIS p BRI O {E . WNSREENTAEAE . BRI defaultobj — il AFFIR [E] defaultob o« X pR%L
HAH5 key MM AT REL—IR, A ETEAIRFNIE AR 2 TR E
3.4 HiE.

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. i [n]— A & i S{H I Py ListObject,
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PyObject* PyDict_Keys (PyObject *p)
Return value: New reference. 12 Bl — A0 & g1 i 58 (keys) i PyListObject,

PyObject* PyDict_Values (PyObject *p)
Return value: New reference. & [n]—AN1 &7 F it i {H (values) [Py ListObject,

Py_ssize_t PyDict_Size (PyObject *p)
R F AR EH A, ST p ] Len () .

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
AT p PRI S . RS — VR s BOT HRIE A Z 1T, i ppos BTG I Py_ssize_t 0
PAIIGAL R 05 R ECR A 7 M P A RS B EA IR I (R, — BB SEEDNEI AL 5 S ik ] (L. TB
2 pkey Fll pvalue | 2431w PyOb ject * ZgHk, BRI AN EAIEDRIE 78, 805 0] DAy NULL,
A EATIR B AT HES BT o ppos TEEAIMRIAR WA . B AR NI S E5 v i) g
i, FHIMTEemeny, HIms A,

i

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

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

}

T p AN RZAE I I IR) A A A . AR Ty, SR (R A, (BAURT RIS A K
AP . Bl

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

while (PyDict_Next (self->dict, &pos, &key, &value)) |
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) A
return -1;
}
PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;
}
Py_DECREF (0) ;

}

int PyDict_Merge (PyObject *a, PyObject *b, int override)
XGRS G b IATIEAC, FREN AN 7L ao b AR — T, ST S FfpyMapping Keys ()
MpyObject_GetItem() HIXIGR. AR override EAL, WHIRTE b HHRFIRE RGN a o CAAER
FAR SRR R e, A5 WAERAE a A A Rl A B ) U2 R I BB . 24 ik o] 0 B 2451 %
SEHR [ -1,

int PyDict_Update (PyObject *a, PyObject *b)
X5 C ) PyDict_Merge(a, b, 1) —#F, I MIT Python H1 [ a.update (b), Z HIFE
TPyDict_Update () TEH “ASHBA keys” J& LRI 2 [0HE B 5 A EXT P 28R
[ 0 B H5] KA H R -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
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K seq2 FRYBREN BT EH B 7 a. seq2 WU N ER LN 2 B VR BAELN A JC B A n] I AR 52
MAAE R, W2R override FUANIRR G A SERE L . 2SR ] 0 s 245 | K 6 g ik [ml
~1. SEHrY Python T4 (RIIEERAE)

def PyDict_MergeFromSeqg2 (a, seqg2, override):
for key, value in seq2:
if override or key not in a:
alkey] = value

8.4.2 REWMR

X HEMNA T set fll frozenset X R I A I APL. AFAu] A AE T TH 51 H 1) ) BE & 42 i 5
ST & W (B FEPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr (), PyObject_IsTrue (), PyObject_Print () PAfkPyObject_GetIter()) BiFE i
2 F I (B FEPyNumber And (), PyNumber_Subtract (), PyNumber_Or (), PyNumber Xor (),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr () [/‘/{
K PyNumber InPlaceXor ()) Fijil.

PySetObject
XA~PyObject W) T-ZBIHE R RAF set Ml frozenset XTRMNHEHE. BT PyDictobject,
AT/ INRGHE AR e 2 e KM (RGBT =), I BTk ReHE AR E
K4 ) B ) AT AR I AR (TRAR SRR 7 20) o S AR 1) = BOR B R A BT RE &
ARSI UL 2 O A ORI APT R T, TS T NS i (A

PyTypeObject PySet_Type
XR—APyTypeobject 52, 3%/R Python set 2571,

PyTypeObject PyFrozenSet_Type
XE—PyTypeObject S|, Fe/n Python frozenset 287,

MBS BUAS A E H T AR 1AL & Python XFRAYFRET . DI, K LeHa s ok B il ] TAE R AT R ALY Python
POE
int PySet_Check (PyObject *p)

WER p2—A set WREH RZH LAY L FINRE EE. RS2 BEIHAT.

int PyFrozenSet_Check (PyObject *p)
MR p i&—A> frozenset MR 2 H TRAWLHINLR I EE. HREUR RS MEIT.

int PyAnySet_Check (PyObject *p)

MR p2—A> set X4, frozenset MREFHZH T RANYSLHINRF R, HREE RSB
7.

int PyAnySet_CheckExact (PyObject *p)
MR p 2 —1> set 8 frozenset RRIEAZH TR SLH NIR A EAE . ek BE 2 2 T .

int PyFrozenSet_CheckExact (PyObject *p)
R p @—A frozenset XMREARH T RARY LMK T EE . HEREUE 22 BT

PyObject* PySet_New (PyObject *iterable)
Return value: New reference. iR W] —A~#1) set, FH A AL iterable TR BN 4 . iterable ] PAK NULL
FIORBIE— SR G IR S, KRR NULL, 4154 iterable 52 Fr A @ AT R
KNG % TypeError. Mt H TH NS (c=set (s) ).

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. 12 [Bl—/ Nl frozenset, HWALE iterable TR RIS 4 . iterable W] PLK
NULL FRBIE#— N SR E S . IR PG RGEES, KRR B NULL. 4028 iterable 525
EARRWERXFLNG] & TypeError,
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FHIREANZZE R T set B frozenset AYSLRI R H F2RAAY LA .

Py_ssize_t PySet_Size (PyObject *anyset)
kA set B frozenset MRMKJE. ZEMT len (anyset) . IR anyset N2 set, frozenset B
ﬁ%?’éﬂﬂ@iﬁﬂ%%%li{ PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
FMAW PySet_Size (), AHFEHHRERIN

int PySet_Contains (PyObject *anyset, PyObject *key)
QR ELRE 1, GuARARKE R M 0, WAREBERMRE] -1, R[ET Python __contains__ () J5
W5, RN 2 A 3R A TS A S A G 0o Im s R Z5 4R 6 TR key S AN W] G A %f G M 225 | %
TypeError, I anyset & set, frozenset B{H TR EHI N ST &% PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
Wi key B]—A~ set 3. AT frozenset LB (KT ryTuple SetItem(), ERIHHHFR
RERREEEAHE AT HALRAS Z B e A 0E) . IR 0, JRIGHFRIE 1. AR key AR
A AT RN 25| & TypeError. HWEREAMK S BN ST K MemoryError, QIR set g set B
HA LR LHIN 25| % SystemError.

THNREGE T set BOLFRAPLG], (HARFTHT frozenset BUH-FARARSLHA.

int PySet_Discard (PyObject *set, PyObject *key)
WERARBPDF B RRR R 1, WA (offE) 20 o, RSB RN M -1, XFFAEER A
25|k KeyError. W key HARTMGA X LM 5] % TypeError. AT Python discard () Jik,
WERBUR 2 A SR AR AT A I S A IR R G S B e 2R ser N2 set BIL-F2RALAG L) 2
5| % PyExc_SystemError,

PyObject* PySet_Pop (PyObject *set)
Return value: New reference. 1R8] set AL EXTZRBH S, FHEM ser PRSI ZAT S . SRR [B] NULL,
WIREA A BN 25| K KeyError, QIR set g set SH-FRBPSLHINS5] % SystemError,

int PySet_Clear (PyObject *set)
1 25 P - M) i A B0

8.5 EHFMR
8.5.1 BEHMER

A — L4 E T Python pR A BREL .
PyFunctionObject

T % C S5tk

PyTypeObject PyFunction_Type
XR— " PyTypeObject SEHF3FE /R Python BEZETEL., ‘EfEN types.FunctionType [a] Python £
F A TT

int PyFunction_Check (PyObject *0)
Wk o nr/*@fm‘% (KRB pyFunction Type) WIRMIE(H. JESWAUAR N NULL, KA ZE S
AT

PyObject* PyFunction_New (Py Ob/'ect *code, PyObject *globals)
Return value: New reference R 5 RIS code BRI REC S . globals Whili & —A~F L, 1Z KRBT
PAVT I 42 JRy 28 o

MACHE X5 '43%5@1&?,]%&9’9 YASFEFR LR, __module__ 2 )\ globals WHEHL. 2% defaults, annotations
F closure %4 NULL. _ qualname__ i%k-5 BR%04 FokH [ O 1H .
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PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. 23{l)PyFunction_New (), {HfR VFRBERET SN _ _qualname_ &
VE. qualname [V 2452 unicode ¥4 8{ NULL; {52 NULL ] _ qualname_ J@E NS5 _ name
JR AR R AE .

3.3 B .

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. 32 [9] 5 BB op FEERIIACID R4 .

PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. 1205 pREUT A *op* A L BeHY 4 /i,

PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. 32 [0 BB op W) __module_ JE, WH H— 8 TR RIS
FRER, {HAT DA Python AURS 4 Ay 3R o] FHAMAR B 42

PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 32 [9] BT op IS EEAE . XA AR —DSH0c4 8 NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
J B G op W EBBEIA. defaults 55 Py_None Bi—4~J041.

RIGETS | % SystemError S IfiRE 1 o

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 13 0] JeBRF| BREWT 4 op BIAME . X AT PASE NULL 8{ cell X502 .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
W KR KBTS op WAL, closure Wos K Py_None 8{ cell X410 .

RG] % systemError RHHIRE -1 .

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 327 BRI op IARTE . X ] DA — 0] A8 el NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BEE PRECT S op WIARHE . annotations W55 H—A~FHLEL Py_None,

KIGHIG % systemError FgifaRE] -1 .

8.5.2 ZEHIFHEIR

LB J5E R PyCrunct ion WA, WigkfryCrunction g RIFRIR—FFIr . BT HEn
P PyMethod_New (func, NULL, class).

PyTypeObject PyInstanceMethod_Type
XA PyTypeobject SLBFE Python SEBIFEZEAL. EFH AN Python FEJF A

int PyInstanceMethod_Check (PyObject *0)
W2 o J2—ALPTTIEN G CRE Py InstanceMethod_Type) MR Bl FHAH. EZ WA N NULL,
BRI U e 2 AT -

PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. IR [Pl—ASFi LB ERTS , fune NRATREFTVH XSS, func X5HE S0 5 %
R I o SRR ]

PyObject* PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. 2 0] e BER SER ¥ im IR BREUCW 4 .

PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 72U Py InstanceMethod_Function (), BT EHRMEM .
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8.5.3 HEMR

TERIEM RS . RS2 WIER N A LEWEG. RIETE (BER RN
%) AR
PyTypeObject PyMethod_Type

XAPyTypeObject SLBILFE Python J7ikERA, EA{EHN types.MethodType [a] Python F2/FAJT .

int PyMethod_Check (PyObject *o)
W 0 BT EXG CRACH PyMet hod Type) MIREIE(H . JESWUAAK NULL. HERELE 22K
AT

PyObject* PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. J&[Bl—ASE ARG, funce BEAAERE W IHRIXTS, self A N 45 & 1)
Sl AEITERE B func $51E R RECHE I o self WA A NULL.

PyObject* PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. & 0] =2 J5¥E meth HIBREUT 4 .

PyObject* PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. 72 PyMet hod_Function (), B&ETEERKGI.

PyObject* PyMethod_Sel€£ (PyObject *meth)
Return value: Borrowed reference. & [0 5= B2 J7VE meth W) SEH
PyObject* PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 72 PyMet hod_Self (), B&HE T ARG .

8.5.4 Cell X5

“Cell” MERMT LB Z NG IR . W TFE XA R, —A “Cell” XGON T AFH%EM B
QUL 5IURELREE D HERAE Y J A8t 5 [RURE O iR AR R X SN AR Ay “Cell” 51 DiHA(E
W, R “Cell” Al S RY(ETT A 2 BT X RAN Y o SX AR “Cell” X AAE R T I 250542
AR DRI & B B ARRBALX L 7. “Cell” X RAEHAHTT n] BEA KA ]«
PyCellObject

T Cell %51 C ZhfA.

PyTypeObject PyCell_Type
5 Cell XX MZRAN) 4
int PyCell_Check (ob)
AR ob J&—A> cell XFGMREEAH; ob WA N NULL. BLpREE 22 AT

PyObject* PyCell_New (PyObject *ob)

Return value: New reference. G| H: 1% [0]—/ M5 (H ob HIHT cell X4 . FEZS 0] PAH NULL.
PyObject* PyCell_Get (PyObject *cell)

Return value: New reference. 10| cell 5142 cell 1 N

PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. 10| cell XT4 cell INZ, (BRAKM cell 754 NULL 3 Hoh— cell
POE" 38

int PyCell_Set (PyObject *cell, PyObject *value)

K cell W52 cell KYNABN valueo SXAFRERATANT cell WG U/ NARTI . value RTPA) NULL. cell
WA AE NULL; QISR EAZE A cell SPRMWPRFR ] -1 QNSRS E NI MFFR[E 0,
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void PyCell_SET (PyObject *cell, PyObject *value)
K cell M52 cell (MEBEN value, ANLVEEG I, I HA ST ARUEZ: 435 cell 62509 9F NULL
I HR—A cell X4 .

8.5.5 MR

RAGXT5 )¢ CPython SEBLHRGANTY o R MUE— B R IPE B & b ity nl AT ACHS o
PyCodeObject
TR AR R C 4544 I RA BT B B

PyTypeObject PyCode_Type
X E—~PyTypeObject Sffi, HFIR Python [¥) code AL,

int PyCode_Check (PyObject *co)
W2 co Z—A> code MRMRITEAE . HEREUE 2 MIIHAT

int PyCode_GetNumFree (PyCodeObject *co)
W&[E] co P A AR AL

PyCodeObject* PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Jject *code, PyObject *consts, PyObject *names, PyObject *varnames, PyOb-
Ject *freevars, PyObject *cellvars, PyObject *filename, PyObject *name, int first-
lineno, PyObject *Inotab)
Return value: New reference. 32 [l —/SFi ARG o AISRARTSR 2—A> i AURD S Gk A1) — A AU it
W PyCode NewEmpty (). M PyCode New () H#r] VA& B HERG 1) Python HUAS, [y
i LA .

PyCodeObject* PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,
int nlocals, int stacksize, int flags, PyObject *code, PyOb-
Ject *consts, PyObject *names, PyObject *varnames, Py-
Object *freevars, PyObject *cellvars, PyObject *filename,
PyObject *name, int firstlineno, PyObject *Inotab)
Return value: New reference. 23Dl T PyCode_New (), {BH7H — A5 7MY posonlyargcount” T {X FRAv &

3.8 B

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. iR [W| LA 5 5E SCIE4 . BREA FIEE— AT 5 S AAIEXTS . XIT exec () B(
eval () SRR g2 ARER .

8.6 H{th¥tR
8.6.1 IR

XU APT X A BSR4 Python 2 C APT 1/ MTEL, B RKT C ARiEERY ik VO (FILE*) SCHF.
£ Python 3 W, SCPERIGLEEIFTNY 1o Bibk, MEIBAERAE RGN RZH I G VO 2 EE L TILAZE. T
TP i R ) o RSO BT XTI L APT BUMESE C (e, T2 TAPREAS O BB DAl i B BUa =7 U ek
KijiH] io API,
PyObject* PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,

const char *errors, const char *newline, int closefd)

Return value: New reference. {35 FT I S0 fd 0 SCAAHE IR S5 6 8 — > Python U4 . S50 name,
encoding, errors 1 newline W] PA°K NULL FER i BRANE s buffering W PAK -1 FEOREEHERNE . name &
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W SR B T ) R AR . RIR ] NULL, A RSB 2L, #Z0 1o.open () B
PR

B b Python JiiHA H ORI ZME, HILRHENTS OS U HIRFHRE G &7 A4 (]
AR =AM ) .

e 3.2 CE I 20 name J& 1.

int PyObject_AsFileDescriptor (PyObject *p)
F5 p RECW SRR SRR T int o WPRXF G2 B8, MR [l HAR . 2R EAT, TR 0 R 1
fileno () ¥k (WERAFAE) 3 %I ELAUR A — R, REUERN SCHHIRSHEDR ] . B 533
TR R [E] -1

PyObject* PyFile_GetLine (PyObject *p, int n)
Return value: New reference. Z5#y T p.readline ([n]) , XPEREMXTE p FEEE—FT. p A]DAE S04
MR AA readline () JYERAETN SR, QR n 2 0, WITCIRIZATHRK DT, #SBElR—17. W
Fen KT 0%, WM SOOI n A5 AT RARBIATHY— 3040 . AEXFMELL T, QR EpE)
KRR, MERE A FAFS HE, R n /N 0, WIGIRKEEAMERS B —1T, (H2 AR i
FIASCHFARR, W5k EOFError,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
H# io.open_code () WIEHEATH, RHIES it by AP 7R A4 1% .

AEPHRR 7 B — 2670k PyObject * (*) (PyObject *path, void *userData) HIKZEL, Hr
path Hi{# N PyUnicodeObject.,

userData $55T 2 WL AR T8 T8 T s BT RE i A [ s A TR A, i385 B 17 Python

BFXNETEIIESABIEM N, 3§ AT R T S A, BRIECH el MRS,
RS F BAE sys .modules FR[ .

—H e, B AR REUE L, ZaXPyFile SetOpenCodeHook () WIS RI,
WA C 2 iatl, RECRRIE -1 HE— 1 FH.
BRI DA AE Py _Tnitialize () ZHIYEM .
51 & —A> #H11H} setopencodehook, NFHFAETSEL.
3.8 FriIfE.
int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
FEXSR obj GASNFR G p o flags ME— S RpiARE /& Py_PRINT_RAW; QIARLE, MHAXGRE str ()
MAE repr ()« BEHHRERE] 0, KRGINHR M) -1, FFECEE 241 B8
int PyFile_WriteString (const char *s, PyObject *p)
FFFRFR s BAXNG po EIRIE] O RIBGRI] 15 RE5E AH M A 3
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8.6.2 HRITR

PyTypeObject PyModule_Type
This instance of PyTypeObject represents the Python module type. This is exposed to Python programs as
types.ModuleType.

int PyModule_Check (PyObject *p)
Return true if p is a module object, or a subtype of a module object. This function always succeeds.

int PyModule_CheckExact (PyObject *p)
Return true if p is a module object, but not a subtype of PyModule Type. This function always succeeds.

PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. Return a new module object with the __name___ attribute set to name. The module’s

__name_ ,_ _doc_ ,_ package_ ,and _ loader__ attributes are filled in (all but __name___ are set
to None); the caller is responsible for providinga ___file_  attribute.
3.3 HChfE.

TE 3.4 JiE M __package__and __loader_  are set to None.

PyObject* PyModule_New (const char *name)
Return value: New reference. Similar to PyModule NewObject (), but the name is a UTF-8 encoded string
instead of a Unicode object.

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 .

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

const char* PyModule_GetFilename (PyObject *module)
Similar to PyModule GetFilenameObject () butreturn the filename encoded to "utf-8’.

32 )G EMWE: PyModule_GetFilename () raises UnicodeEncodeError on unencodable filenames,
use PyModule_ GetFilenameObject () instead.

8.6. Hihytsk 125



The Python/C API, & 3.9.5

Initializing C modules

Modules objects are usually created from extension modules (shared libraries which export an initialization function), or
compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()). See building
or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule Create (), and return the re-
sulting module object, or request “multi-phase initialization” by returning the definition struct itself.

PyModuleDef
The module definition struct, which holds all information needed to create a module object. There is usually only
one statically initialized variable of this type for each module.

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_HEAD_INIT.

const char *m_name
Name for the new module.

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.

Py_ssize_tm_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule_GetState (), rather than in static globals. This makes modules safe for use in multi-
ple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ 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 initialization.

See PEP 3121 for more details.

PyMethodDef* m_methods
A pointer to a table of module-level functions, described by PyMet hodDef values. Can be NULL if no
functions are present.

PyModuleDef _Slot* m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When using
single-phase initialization, m_slots must be NULL.

TE 3.5 fH E: Prior to version 3.5, this member was always set to NULL, and was defined as:
inquirym_reload

traverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_GetState ())is NULL.

7E 3.9 fH 2 No longer called before the module state is allocated.

inquirym_clear
A clear function to call during GC clearing of the module object, or NULL if not needed.
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This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_GetState ())is NULL.

TE 3.9 B H 2 No longer called before the module state is allocated.

freefunc m_£free
A function to call during deallocation of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_ GetState ())is NULL.

TE 3.9 R ¥ No longer called before the module state is allocated.

Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as “single-phase
initialization”, and uses one of the following two module creation functions:

PyObject* PyModule_Create (PyModuleDef *def’)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_CreateZ () with module_api_version set to PYTHON_API_VERSTION.

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 Runt imeWarning
is emitted.

{Ef#: Most uses of this function should be using PyModule_Create () instead; only use this if you are sure
you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using functions
like PyModule_AddObject ().

Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way behave
more like Python modules: the initialization is split between the creation phase, when the module object is created, and
the execution phase, when it is populated. The distinction is similar to the __new__ () and __init__ () methods of
classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry is
removed and the module is re-imported, a new module object is created, and the old module is subject to normal garbage
collection -- as with Python modules. By default, multiple modules created from the same definition should be indepen-
dent: changes to one should not affect the others. This means that all state should be specific to the module object (using
e.g. using PyModule_GetState ()), or its contents (such as the module’s __dict___ or individual classes created
with PyType_FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple mod-
ules are independent is typically enough to achieve this.
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To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDef instance
with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the following
function:

PyObject* PyModuleDef_Init (PyModuleDef *def’)
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 Fri 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.

void* value
Value of the slot, whose meaning depends on the slot ID.

3.5 B IIHE.
The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create
Specifies a function that is called to create the module object itself. The value pointer of this slot must point to a
function of the signature:

PyObject* create_module (PyObject *spec, PyModuleDef *def’)

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should return
a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynami-
cally adjust to their place in the module hierarchy and be imported under different names through symlinks, all
while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_Type. Any type can be used, as
long as it supports setting and getting import-related attributes. However, only PyModule_Type instances may
be returned if the PyModuleDef has non-NULL m_traverse, m_clear, m_free; non-zero m_size; or
slots other than Py_mod_create.

Py_mod_exec
Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python module:
typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject* module)
If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

See PEP 489 for more details on multi-phase initialization.
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Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used di-
rectly, for example when creating module objects dynamically. Note that both PyModule_FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. ~ Create a new module object, given the definition in module and the
ModuleSpec spec. This behaves like PyModule_ FromDefAndSpec?2 () with module_api_version set to
PYTHON_API_VERSION.

3.5 B RE.

PyObject * PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_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 RuntimeWarning is emitted.

{Efiit:  Most uses of this function should be using PyModule_ FromDefAndSpec () instead; only use this if
you are sure you need it.

3.5 B RE.

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def’)
Process any execution slots (Py_mod_exec) given in def.

3.5 BRI HE.

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 BRI HE.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Add the functions from the NULL terminated functions array to module. Refer to the PyMethodDef documen-
tation for details on individual entries (due to the lack of a shared module namespace, module level “functions”
implemented in C typically receive the module as their first parameter, making them similar to instance methods
on Python classes). This function is called automatically when creating a module from PyModuleDef, using
either PyModule_Create or PyModule_FromDefAndSpec.

3.5 B fE.

Support functions

The module initialization function (if using single phase initialization) or a function called from a module execution slot
(if using multi-phase initialization), can use the following functions to help initialize the module state:

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Add an object to module as name. This is a convenience function which can be used from the module’s initialization
function. This steals a reference to value on success. Return —1 on error, O on success.

{Ef#:  Unlike other functions that steal references, PyModule_AddObject () only decrements the reference
count of value on success.

This means that its return value must be checked, and calling code must Py DECREF () value manually on error.
Example usage:
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Py_INCREF (spam) ;

if (PyModule_AddObject (module, "spam", spam) < 0) {
Py_DECREF (module) ;
Py_DECREF (spam) ;
return NULL;

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Add an integer constant to module as name. This convenience function can be used from the module’s initialization
function. Return —1 on error, 0 on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Add a string constant to module as name. This convenience function can be used from the module’s initialization
function. The string value must be NULL-terminated. Return —1 on error, O on success.

int PyModule_AddIntMacro (PyObject *module, macro)
Add an int constant to module.  The name and the value are taken from macro.  For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF_INET with the value of
AF_INET to module. Return —1 on error, 0 on success.

int PyModule_AddStringMacro (PyObject *module, macro)
Add a string constant to module.

int PyModule_AddType (PyObject *module, PyTypeObject *type)

Add a type object to module. The type object is finalized by calling internally Py Type_Ready (). The name of
the type object is taken from the last component of tp_name after dot. Return -1 on error, O on success.

3.9 B fE.

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 harmless)
to call it from module initialization code. An explicit call is needed only if the module’s own init code subsequently
calls PyState_FindModule. The function is mainly intended for implementing alternative import mechanisms
(either by calling it directly, or by referring to its implementation for details of the required state updates).

WY 2R GIL.
Return 0 on success or -1 on failure.

3.3 Hrge.
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int PyState_RemoveModule (PyModuleDef *def)
Removes the module object created from def from the interpreter state. Return O on success or -1 on failure.

P A 255 A GIL.
3.3 FihHae

8.6.3 XM ZBIR

Python AL TR AR RS B RFIEERE, B R ) R Eﬁf?ﬁﬂ .
AN AT XS A — sentinel {H, SR8 AR T AT XS, HFEAER IEI sentmel EGDER
ﬁ

PyTypeObject PySeqIter Type
pySeqIter_New () JRIAEREXI RN LN EF VIR NEREL iter O BRSHILN,

int PySeqIter_Check (op)
Wk op BN Py Seqiter Type WEREIE(E. HLRELE 22 MIIAT.

PyObject* PySeqIter_New (PyObject *seq)
Return value: New reference. R [n]—A~ 5 & LT 5% G — e i F () 25 A28 seq. 24)7 51T FHAET | A&
IndexError i, EfLLEHR.

PyTypeObject PyCallIter_Type
His$Pycallliter New () fl iter () WERHIMSEOLR R B LR IRT RERN L

int PyCallIter_Check (0p)
W op EB R PyCalllter Type WERMIEAH. IRECEZ 2 AT

PyObject* PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. iR |n|—A~ i B ES éﬁﬂ/\?"%@[ callable 7] PLEATAR W] DAXE A S50 TS
BN UE ) Python v FHXS 4 5 SRR R FHAS A %R FLER AR — DI H o 24 callable 1% 714 sentinel
AR, EARFLIE

8.6.4 HIRFFIR

“HEARRE” RIIAN R LR RIRT S . B TRBN R T

PyTypeObject PyProperty_Type
NIRRT R AN 4

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)
WERFERFFAI S descr {RBAENE, WERE true; WIRHIR T ¥, WERE false. descr W@ FiRAF T
25 BRI
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PyObject* PyWrapper_New (PyObject *, PyObject *)

Return value: New reference.

8.6.5 YR XgR

PyTypeObject PySlice_Type

DIAMGHIZEAG R . ©5 Python JZifY s1ice EAFRBIXIER .

int PySlice_Check (PyObject *ob)

TR ob &—> slice MR MR B EAH; ob AN NULL. IS 22 I HAT.

PyObject* PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

Return value: New reference. 12 [8|l—/~ELAG 45 A VI %4 . start, stop F step TE5:2:95 FAE slice %4
R A FRH B . X LS (E AP A AT — A AT PASH NULL, XA 0L RO None /500 i & 1
MR NSRBI R ICIE 7 BE R [f] NULL.

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step)
MY %52 slice H2HT start, stop Fl step & 515, R/FF EE N length, KT length ()75 544 24 VE
FEiR.
BCEHRE O, BAESHHRE -1 3 HARERE (RIEREATIS AR None HIGYE A I # 4L, 1F
AP ES T 2R m -1 HsE— R )
PRATREAS T 8 S pR 4
TE 3.2 MUEH: 2 |51 slice TE SIS KFI R 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 () W] . MU XIS slice $2 1 start, stop il step K515, K F5 KN
A length, FX5Y) R B BEARAFAE slicelength T, LIRS 'L 5@ Y] 5 — 200 7 X #4785
Yl.

IR 0, HEEIER I -1 I HABCE R

WA MR EON T R A2 KONF AR B R a1 W E T N Py Slice Unpack ()
MpPyslice AdjustIndices () WG, Hp

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

}

SR

if (PySlice_Unpack(slice, &start, &stop, é&step) < 0) |
// return error

;
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

TE 3.2 MUE: 2 |1 slice TS S KFI R PySliceObject *,

JE 3.6.1 fRE G W5 py_LIMITED_API RiXE B E N 0x03050400 5 0x03060000 2 [&]
H (A3FEBFR) B 0x03060100 B 8 KM PySlice_GetIndicesEx () &4 LK —1{f H
PySlice_Unpack () fil PySlice_AdjustIndices () W% . ZSEK start, stop Fl step S92 HRIE.
3.6.1 UG EME: W Py_LIMITED_API W N/ 0x03050400 8 003060000 5 003060100
ZEE CRuELs) W pyslice_GetIndicesEx () N FEHMIHREL.
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int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
MY 52 o start, stop il step it i AR ECAH C B850, S ER IR KT PY_SSIZE_T_MAX F{HIE/
N PY_SSIZE_T_MAX, BB/ NT PY_SSIZE_T_MIN [ start F stop {HI¥ /N PY_SSIZE_T_MIN,
HEERHR /N -PY_SSIZE_T_MAX ¥ step {HI¥ KN -PY_SSIZE_T_MAX,

AR -1, B [E] 0
3.6.1 I E.

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
y_ssize_t step)

P
1f start/end PI R RE S RIEHEE B FFIR LT IHE . BHERRRTS 25585 —Ei 7

EATH -
BB K. AR RS A Python fUi5.
3.6.1 Fi I fE.

8.6.6 Ellipsis ¥}

PyObject *Py_Ellipsis
Python [{) E1lipsis X5 BXGEAEMT . BMUA S EAIHAMN G —FE 2885 | 4.
‘BEHPy None —FEJE T HABIXIA

8.6.7 MemoryView Y&

—/~memoryview X5 C P L b ik 7 Fee N — ] MBAT A AR R — #1811 Python X4 .

PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. M3RALZE 1 X 22 1 B XL G 2 memoryview XT4 . WH obj 357 G X
i, M memoryview X GURF A AREEY S, G E I AEe HEER, Rl Sl BAT R ERY 35
PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)

Return value: New reference. fii Hl mem {E 4 Ji&J2 2% vh X A 8 — 4~ memoryview X} 5. flags 7] DA 42
PyBUF_READ B{# PyBUF_WRITE . —.

3.3 FrihfE.
PyObject *PyMemoryView_FromBuffer (Py_buffer *view)

Return value: New reference. | — 05 45 7€ Zeit X G544 view 1) memoryview Xf 5. X 1] B 75 5%
WX, PyMemoryView FromMemory () &M PEEREL.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. M & LR X 4% 11 A XTG4 H—~ memoryview X S contiguous WAFH (#5°C
8’Fortran order ™). WIR N A2 ZELENY , ) memoryview X G245 [n] [543 A7 . 750, 52 i F H. memoryview
FRITHTIT) bytes X 4.

int PyMemoryView_Check (PyObject *obj)
W2 obj Jg—> memoryview XfRMLR M FAE. HFIA LIFEIE memoryview 1. HRHERSK
AT

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A& [0l 5] memoryview Y-St Gt IXFAAT BIAS U HE 5. mview @552 —1> memoryview SLH; X ASZA
A EREAL, PR/l B O, 75 DIRRE T i 15 XU <

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
& [ memoryview FF H T Ay g X R B 4 FF, B F W R memoryview i K
¥ pyMemoryView FromMemory () BiPyMemoryView FromBuffer () 7 N iR [A] NULL., mview
MAE—A~ memoryview S5

7/
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8.6.8 855IAXMR

Python 37§ “S551 " fFA—IM R, BAKYL, APIFEESISE 5 UIRIXER. B—Fhie a5
g, S MR AT REHAE I D — N R R B ACRE

int PyWeakref_Check (ob)
W ob 22— A5 SN R MR [ B . R BUE 2 2 AT .

int PyWeakref_CheckRef (ob)
W ob 22— A5 FHXTZ R EAE . R A 2 2 AT

int PyWeakref_CheckProxy (ob)
W2 ob J2— RIS RINLR T BT . KA R 2 AT .

PyObject* PyWeakref_NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. IR [FIXT5E ob W— 555 XIS ZRELEZ 2R —ASFE 1 H, (EARRIE
BlE—NHIXS EARRRE—NIAEI NS . B ANES callback J— VTS, B4
1E ob YAE NSRBI B WCEFN; BNz — N RMIE S, RISS5IHXGRAL . callback ] PAK
None B{ NULL. 1% ob A@g— 5551 XS, i MR callback AN P X4, None B NULL, i%
PRECRR M) NULL I H5| % TypeError.

PyObject* PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. 12 [FIX} 5% ob —1555 | FACEEXT S . X eRECRESZ R Bl — D H5 H, =
ARUEAN - H XS EA AR I — DA R RBEEXT S . 5 = AE S callback 2h—> 7] I HI 0
%, ESTE ob YAE NI PR R IGE FL: BN REZ N RMIES, IS5 AN EAR Y. callback
AT PAK None 5 NULL. W ob Ni&—A555 XS, st W callback & n] X4, None 5
NULL, iZERECHIR ] NULL F H5| % TypeError,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. 12 [0 555 | X4 ref #55 | N4 . WR45 | X2 ATAEAE, Wik E

Py_None,

TEMR: R ECR IS X Z 00— = AR5 . XA BR AR VRAR 15 R AR AR (5 FH 3 )i A~ %)
SORNTTRERE AN S, B RIZ IR LRSSV Py_INCREF () .

PyObject* PyWeakref_GET_OBJECT (PyObject *ref’)
Return value: Borrowed reference. 23l PyWeakref GetObject (), {HSEMH— PRGN ZE .

8.6.9 Capsule %8

A R X BERT R0 5 215 D3 S ) using-capsules..
3.1 B EIRE.
PyCapsule
XApPyobject [ RBMERDIRGEIE, &M TFHEGRBE (FEh void* $8%) iliid Python {

A B Hofth C AU C P BLE . B R BN SRR — MR E ) C s e HAAR R Fn]
J AERIE AT AGE LS AL A E S I R g sk b i L% C AP

PyCapsule_Destructor

Capsule fMTH s IR 2T, & XWF:

typedef void (*PyCapsule_Destructor) (PyObject *);

Z | PyCapsule_New () F3KHEL PyCapsule_Destructor i [F{H {15 X .
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int PyCapsule_CheckExact (PyObject *p)
WRSHRE— A PyCapsule iR IEIE{E BR B R 2 AT

PyObject* PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. Gl f—A~E13E T pointer fi)PyCapsule, pointer 7 W] PAAS K NULL,

TE R MO — AN 78 4R M) NULL,

FAFF name A AR NULL Bl —MEMA M C EAFERmFRE . DR NULL, WIS AF R0t
capsule & (B SRW ARIAE destructor PREE )

WA destructor ZH0R K NULL, D24 & 9l 4 S BsPRE BT capsule 1S EOREH

TR capsule KEHARIE N — SR E B, W name 248545 F N modulename. attributename.,
AV HABBIRAE ] PyCapsule Import () fF AL capsule.

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)

PEHURATAE capsule W) pointer . FER W & —~ 54 ik 0] NULL,

name &2 75 5 RAFHE capsule H A FRIEA RS IR LIS . WIRERAFAE capsule HH )44 7k NULL, W& A
B4 name WM NULL, Python £f#f] C B{%{ strcmp () KK capsule 4 5.

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
IR RAFAE capsule HE Y HiIMT R . 70 SR MR BB —> S R 8] NULL.

capsule E\-ﬁ NULL *ﬁ*@%&% Y. 3 A{@%@ NULL 3 @ﬁ%ﬁlﬂaﬁix 1%@)% PyCapsule_IsValid()
B{PyErr Occurred () FiHEE X,

void* PyCapsule GetContext (PyObject *capsule)
AR [0 GRAFAE capsule 24 H R 3Co T RIS — A5 IR 9] NULL,

capsule B NULL b T SCR4IER . X & 15 NULL 3R [0 i A 28157 35 i Py Capsule Isvalid()
B{PyErr_Occurred() ﬂé{ﬁl}%lﬁfX

const char* PyCapsule_GetName (PyObject *capsule)

R B RAFAE capsule H 4 BT 4R . FE I MO BEE— 74 H4& [B] NULL,

capsule HA NULL #FR2GAR . X &4 NULL R A4 LRI 30 il PyCapsule_Isvalid()
B{PyErr Occurred () FHEE X,

void* PyCapsule_Import (const char *name, int no_block)
MR capsule JEVE S AFG ] C X H8E . name TS 445 € @ VER EREAFR, 5 module.
attribute HIR—H. RIFFE capsule H1[¥) name WA 5E A VLELILFATER o W no_block A ELAH, WIPA
ToH ZER A AR (ffi ) Py Import _TmportModuleNoBlock (). MR no_block Fyfift, WAL
St AR ([ Py Import_ImportModule ()).

JEENIN IR 8] capsule (i NER 364+, AERINCE—A 5 HFF1& 8] NULL,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
i capsule 2452 —NERM . AR capsule WA K NULL, {£i#iPyCapsule_CheckExact (),
e H A7 ik — > A S NULL R 48 4§ %H,E\V\]iﬁ/%ih 5 name & Z ML BL. (i &
lpyCapsule GetPointer () T A%} capsule 4 FRUEAT LA HIA KAEE )

Pem)iGie, WiRPyCapsule Isvalid() iREIEAE, WAEfTXT5A#E (DA PyCapsule_Get () Ff3k
WAL BRI ) AR B AR AR IE 23 )

WA RAROT LR AR FRUGR AR, B E 0. tEeRE—EAR K.

int PyCapsule_SetContext (PyObject *capsule, void *context)
K capsule WTRH) LR SCHREHCH context .

JREI AR ] 0o SRR [l R AR I BB NS
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int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)

Y- capsule WERIINTHY#SE A destructor .
DI IRIA] 0 S Mt i (Al HE AT R E— A
int PyCapsule_SetName (PyObject *capsule, const char *name)

s capsule PFPHIZFRIZ N name. TNRASH NULL, WZFRAFEALEI DAL capsule T K . 11592 HifRTE
TE capsule H1#) name /A NULL, NIARSZFNE .

IR 00 SRIKIG R [ IEFBAE T B — R .

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
K capsule W) 24641 1CH pointer . $5EH AR NULL,
IR 00 SRIGI R [ SEBAE T B — .

8.6.10 A piZEXIR
A AR R 4202 Python HI SR SEBUAE s iR AUAR X BR . EAT T ol i b AU AR (E R BRIk B, A2 X

R PyGen_New () B{PyGen_NewWithQualName ().

PyGenObject
T A AR R I C ZE5R ik
PyTypeObject PyGen_Type
SRS R T UE SUIATIE SO
int PyGen_Check (PyObject *ob)
U2 ob ;22— generator XFR MR MIEAL; ob AR NULL. BERELE 22 MENHAT .
int PyGen_CheckExact (PyObject *ob)
WA ob (R EZE PyGen_ Type WIRRIE(E; ob AR NULL. BLRREUEE 23 N HAT .

PyObject* PyGen_New (PyFrameObject *frame)
Return value: New reference. S frame X BIHE R - MFHHIL BN 5 . IBRECATRGE 1] frame
5. SEAUR A NULL,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. F:T frame Xt 2 Q) H & Ml — A # W E S ge x4, i _ name_ Al
__qualname__ %4 name Fl qualname. oK% 22 BOGE — DX frame W51 o frame SRR
NULL,

8.6.11 hiZ¥ R

3.5 FrihtE.
VRN G2 async KRBT sREIGR [ .
PyCoroObject
TR C Zh5H 1K .
PyTypeObject PyCoro_Type
SRR SR 5.
int PyCoro_CheckExact (PyObject *ob)
MR ob (AL PyCoro_Type WIRIFIEAE; ob IR NULL. MEEREUE 22 BT .

PyObject* PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. 3T frame ¥T R G| @I R Bl —FH WM EN SR, HP _ _name_
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__qualname__ N name Fl qualname. IR 2 BUG— X frame W5 H . frame ZELbTA Ky
NULL,

8.6.12 F TFTNTEIHR

TEff: 72 3.7.1 CE M 78 Python 3.7.1 W, Ay B R 37+ C AP YA 1 WBCH M Pyobject FREFTIA

B PyContext, PyContextVar PAMNPyContextToken, flHl:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

T2 ) bpo-34762 T EEERS .

3.7 i Yihg
BHEANGE T contextvars FHH 2 C AP,

PyContext
FTF 3R contextvars.Context XM C Z5Fk .

PyContextVar
TR contextvars.ContextVar 4K C g5H4&,

PyContextToken
AT 3R contextvars. Token XA C ZEHA,

PyTypeObject PyContext_Type

FoR context B RAINT L
PyTypeObject PyContextVar_Type

Z%7R context variable LT TINT 4

PyTypeObject PyContextToken_Type
271 context variable token ZRELFIZR RN &

RAKG A %
int PyContext_CheckExact (PyObject *0)
W o RAH PyContext_Type MR EAH. o WA A NULL. JLERECE &2 M IIAT .

int PyContextVar_CheckExact (PyObject *0)
W o KB PyContextVar_Type MR EAH. o WA A NULL. BCRRELEE 2 AT

int PyContextToken_CheckExact (PyObject *0)
WA o EA R PyContext Token_Type MERFIEAE. o MAHIA K NULL. JHERELEJE 2 AT

I OOE g e

PyObject *PyContext_New (void)
Return value: New reference. BIIFE—/NF0 2S5 _EF SOMG. W2R A AR5 W3z (1] NULL,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. S| #TE AW cox T SO R EE DL, G0 & A R R 1] NULL,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. G| 4AE R SCHEEE DL, U020 & A 452 )% ] NULL,
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int PyContext_Enter (PyObject *ctx)
K o WM BTN 210 RS0 EhEhRR o, HAeSHHRN -1,

int PyContext_Exit (PyObject *ctx)
BUHBEAE oo BT SOFRZ BB SO N 2 BT AR 8024 /i 3 MR 0, HiRE IR

BRSO R R

PyObject *PyContextVar_New (const char *name, PyObject *def’)
Return value: New reference. Bl|7—/~#lf) ContextVar X% . ES name JT BEEEMFEXE K. B
% def J BB RAGEIIAME, B0 NULL FORTEBGAE . WERA AR, XA B2k ] NULL,

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
RICE T SRR RAE ARG P R AR R, R -1, WA AR, TR R M HREIE,
#Rix [\ 707
ﬁﬂ%ﬁi’]i:?iﬁ%, value ¥ 2H8 B RIHRE . QR BN SUE R RA KB, value FHEI :
e default_value, YNHIE “NULL*;

o var [ERIME, WSR2 NULL;
e NULL
B TR NULL, XANREEL Sz 51 .

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 1£ 2481 _F R 3XH0 6 var %4 value. 1R A1 EFSF HAS MR8 w4, s anp
A RIR [A] NULL,

int PyContextVar_Reset (PyObject *var, PyObject *token)
«]TJ:"FjCﬂ'r  var E’J/Ij(/uﬁﬁjg BAEIR B token JPyContextVar _Set () #HMAZ BIAPIRE . HEREL
JEHIIRIE] O, H AR IR

8.6.13 DateTime W&

datetime FEHLFRAL T & Fh H HAFI IS (B X5 . (0 AE A ik 8 pR AU 2 1T, W ATHEAR P IR Hh A0 45 3k S
datetime.h (i &ilﬂgjc{ﬁr%ﬂ%@/‘ﬁpython h H), I A% PyDateTime_IMPORT W8 & i H |

RN BT IR L PR B — 5B« XD R 248 R E C Z5MMFsE A — #8548 & PyDateTimeAPT
i, EaH NHERZERMEH .

ZVil) UTC )
PyObject* PyDateTime_TimeZone_UTC
R[] FE UTC g X B, 5 datetime.timezone.utc NfE—%14 .,
3.7 B aE
pitliveEcw
int PyDate_Check (PyObject *ob)
W3R ob °f PyDateTime_DateType 2 iﬂﬁ PyDateTime_DateType IATRAINR B BE(E. ob
ANREHN NULL. MCpREE 22 BT
int PyDate_CheckExact (PyObject *ob)
W2 ob 2 PyDateTime_DateType KBNLR[FE(H. ob AFEHN NULL. MeREUEZSBINIAT

int PyDateTime_Check (PyObject *ob)
IR ob A PyDateTime_DateTimeType ZFal PyDateTime_DateTimeType 3125 H MR
[ Efl. ob ANREN NULL. IeRECE B4 mhIgT.

138 Chapter 8. A#FHMMRE



The Python/C API, %% 3.9.5

int PyDateTime_CheckExact (PyObject *ob)
U ob >k PyDateTime_DateTimeType FKANMIR M EAH . ob ANHEN NULL, ILEREEE S M AT.

int PyTime_Check (PyObject *ob)
R ob B2 ALZ PyDateTime_TimeType B{J& PyDateTime_TimeType WY TZRAINR[EIE(H. ob
MR NULL.  JURRBUE S22 T -

int PyTime_CheckExact (PyObject *ob)
5 ob 2y PyDateTime_TimeType FEAINER [ BEAH. ob ANBEN NULL, IHEREE 24 MIhgT.

int PyDelta_Check (PyObject *ob)
W5 ob 2}y PyDateTime_DeltaType M uf PyDateTime_DeltaType HJIAST-ZE 7)1 o] BAH.
ob ANHEN NULL. BLeREE 2 T igT .

int PyDelta_CheckExact (PyObject *ob)
4 ob 2k PyDateTime_DeltaType KRAINR I EAH. ob ANBEN NULL. BURREUEZ2 AT .

int PyTZInfo_Check (PyObject *ob)
MR ob BT 2 PyDateTime_TZInfoType B & PyDateTime_TZInfoType MR NR [0 B
{l. ob WA N NULL. JHRECM 22T,

int PyTZInfo_CheckExact (PyObject *ob)
G ob 2k PyDateTime_TzInfoType KMNLREIE(E. ob ANEEN NULL. HREUE S MINIAT.

i Nclfepte Sivba

PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. IR[I38EH. H. HM) datetime.date X4,

PyObject* PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second,

int usecond)
Return value: New reference. %[0 LA $5 7€ year, month, day, hour, minute, second £ microsecond Jg& 4 [t})

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. 1% [n] H. 45 58 7€ year, month, day, hour, minute, second, microsecond A/l fold J&
i datetime.datetime ¥4,

3.6 B fE.

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. &[] A7 1§ 5 hour, minute, second and microsecond J& M) datetime.time

X5

PyObject* PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. %[0 .5 35 % hour, minute, second, microsecond # fold &) datetime.

time X4,
3.6 Bl Die.

PyObject* PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. iR [F[ R ER . THIMFEH datetime.timedelta %4, BFPFT1E
AL BRAE DA P SR R PSR TE datetime . timedelta X4 M SCRYFEHH B IX B2 N .

PyObject* PyTimeZone_FromOffset (PyDateTime_DeltaType* offset)
Return value: New reference. JR [\l —/~ datetime.timezone %4, ZX% B VA offset ZEFERITAR
i 44 ] 7 B 22

3.7 B fE.
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PyObject* PyTimeZone_FromOf fsetAndName (PyDateTime_DeltaType* offset, PyUnicode* name)
Return value: New reference. R [A]—/~ datetime.timezone ¥4, %X % EAG VA offset ZHFERIT
T I ZEFII X A ) name .
3.7 B HE.

— 2 ok M date X5 b PR BERY . S B4 i )& PyDateTime_Date i #f H 7 28 (ffl 40
PyDateTime_DateTime) F5Lfl. SEAAIAN NULL, I HIRBURY: A4

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
PATEFEEA T 20k B A A E

int PyDateTime_GET_ MONTH (PyDateTime_Date *0)
RMELH, A0 F] 12 (%L

int PyDateTime_GET_ DAY (PyDateTime_Date *0)
REH T, A0 2] 31 BEEL

— LB ]Sk M datetime %5 FPEEBUFEBEN G . SHU /R PyDateTime_DateTime GUdHEH 20550, S5k
WA R NULL, F: HBAUR 9467

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *o0)
R EINEE, A0 2] 23 BEAL
int PyDateTime_ DATE_GET_MINUTE (PyDateTime_DateTime *0)

REM, A0 F S HEEL

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
REIFR, MO F] 59 R

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
IR FIED A0 F] 999999 HE%L .

— SR time X5 R EEY . SH IR PyDateTime_Time i FRAYLH]. SELIAR N
NULL, FHBEIR LW

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *o)
AR/, A0 2 23 YRR

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *o)
A P NNV ISR UL 5 @

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
IREFR, MO F 59 (R

int PyDateTime_TIME_GET_ MICROSECOND (PyDateTime_Time *o)
IR BEY, A O 5] 999999 (1%

—EHI SR M timedelta X} 52 PRI B 7% . SEAE PyDateTime_Delta W TAHRAYSLH] . SEbH
AN NULL, F HZREOR P2

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
PRI FHL, M-999999999 F| 999999999 [tk ki,

3.3 BN fE.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *o0)
REAEL, M0 3] 86399 LY.

3.3 B RE.

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *o)
R AL, A0 F] 999999 HFEEEL.

3.3 B .

o
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— ST RSB DB AP (1%

PyObject* PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. Gl iR [0 — N5 EITCHS N H datetime.datetime XfR, EEHES
datetime.datetime.fromtimestamp (),

PyObject* PyDate_FromTimestamp (PyObject *args)
Return value: New reference. |33 1% [0l —/~ 44 B TCH S EU ¥ datetime.date X8, EHESH
datetime.date.fromtimestamp (),

8.6.14 Objects for Type Hinting

Various built-in types for type hinting are provided. Only GenericAlias is exposed to C.

PyObject* Py_GenericAlias (PyObject *origin, PyObject *args)
Create a GenericAlias object. Equivalent to calling the Python class types.GenericAlias. The origin and
args arguments set the GenericAlias’s __origin___and __args___ attributes respectively. origin should
be a PyTypeObject *, and args can be a PyTupleObject * or any PyObject*. If args passed is not a
tuple, a 1-tuple is automatically constructed and __args___issetto (args, ). Minimal checking is done for the
arguments, so the function will succeed even if origin is not a type. The GenericAlias’s ___parameters_
attribute is constructed lazily from __args___. On failure, an exception is raised and NULL is returned.

Here’s an example of how to make an extension type generic:

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", (PyCFunction)Py_GenericAlias, METH_O|METH_CLASS, "See.
—PEP 585"}

}

S YL:
The data model method ___class_getitem__ ().
3.9 FrhR e

PyTypeObject Py_GenericAliasType
The C type of the object returned by Py_GenericAlias (). Equivalent to types.GenericAlias in
Python.

3.9 B fE.
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CHAPTER 9

sl LK

152 R Python 45 LELE

9.1 # Python #ig{t 280

FE—HA T Python W HFEFH, Py _Initialize () PREWAFHEATA HAth Python/C API % Bt
s BN RA AR EN & 5 i E %+,

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 ()

* 5 EBREC
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— Py _IsInitialized()
— PyMem GetAllocator()
— PyObject_GetArenaAllocator ()
— Py_GetBuildInfo()
— Py_GetCompiler()
— Py_GetCopyright ()
— Py GetPlatform()
— Py_GetVersion()
. I/\
— Py_DecodeLocale ()
o WAFM s :
— PyMem_ RawMalloc ()
— PyMem RawRealloc ()

— PyMem RawCalloc ()

PyMem_ RawFree ()

o it LR B8 A W % fFfPy_Initialize(): Py _EncodeLocale(), Py_GetPath(),
Py GetPrefix (), Py_GetExecPrefix(), Py_GetProgramFullPath (), Py_GetPythonHome (),
Py_GetProgramName () MlPyEval_InitThreads () BiVHHH.

9.2 £REETE

Python A7 7 5445 ] 4 JRyC B PR P RPAE AT B I AL B o X BEARTE BRI fir 4T85

When a flag is set by an option, the value of the flag is the number of times that the option was set. For example, —b sets
Py_BytesWarningFlagtoland —bb sets Py _BytesWarningFlag to 2.

int Py_BytesWarningFlag
Issue a warning when comparing bytes or bytearray with str or bytes with int. Issue an error if greater
or equal to 2.

i —b FEIBE

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.

144 Chapter 9. #)3ait, KGR



The Python/C API, %% 3.9.5

int Py_HashRandomizationFlag
Set to 1 if the PYTHONHASHSEED environment variable is set to a non-empty string.

If the flag is non-zero, read the PYTHONHASHSEED environment variable to initialize the secret hash seed.

int Py_IgnoreEnvironmentFlag
ZWE T PYTHON* MEAr &, vl fEE 13 E ) PYTHONPATH F1 PYTHONHOME,

H-E M -1 JEE .

int Py_InspectFlag
When a script is passed as first argument or the —c option is used, enter interactive mode after executing the script
or the command, even when sys . stdin does not appear to be a terminal.

Set by the —1 option and the PYTHONINSPECT environment variable.
int Py_InteractiveFlag

EB -1 iﬁIﬁﬁﬁo
int Py_IsolatedFlag

Run Python in isolated mode. In isolated mode sys .path contains neither the script’s directory nor the user’s
site-packages directory.

B - PETREE .
3.4 T AE

int Py_LegacyWindowsFSEncodingFlag
If the flag is non-zero, use the mbcs encoding instead of the UTF-8 encoding for the filesystem encoding.

Set to 1 if the PYTHONLEGACYWINDOWSEFSENCODING environment variable is set to a non-empty string.
HREZHAGEL,, iS5 PEP 529,
A i PE: Windows.,

int Py_LegacyWindowsStdioFlag
If the flag is non-zero, use 10.FileIO instead of WindowsConsoleIO for sys standard streams.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
AREZIMEE, WS PEP 528,
T P4 Windows.

int Py_NoSiteFlag
B site MPA LI RI BT Ui S0 sys . path BIHAE. AR site RAEMEH BT AR
SR IX SR (QRARA B EATM N site.main ().

H —-S PETIAEE .

int Py_NoUserSiteDirectory

AENRF F P site-packages H FIME sys.path.
Set by the —s and - I options, and the PYTHONNOUSERSITE environment variable.

int Py_OptimizeFlag
Set by the —O option and the PYTHONOPTIMI ZE environment variable.

int Py_QuietFlag
BIEAE 2 HAR AR A s BCRIRAE . -

HI —q BEIBLE .
3.2 B fE
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int Py_UnbufferedStdioFlag

Force the stdout and stderr streams to be unbuffered.

Set by the —u option and the PYTHONUNBUFFERED environment variable.

int Py_VerboseFlag

Print a message each time a module is initialized, showing the place (filename or built-in module) from which it is
loaded. If greater or equal to 2, print a message for each file that is checked for when searching for a module. Also
provides information on module cleanup at exit.

Set by the —v option and the PYTHONVERBOSE environment variable.

9.3 Initializing and finalizing the interpreter

void Py_Initialize ()

Initialize the Python interpreter. In an application embedding Python, this should be called before using any other
Python/C API functions; see Before Python Initialization for the few exceptions.

This initializes the table of loaded modules (sys .modules), and creates the fundamental modules builtins,
__main__ and sys. It also initializes the module search path (sys.path). It does not set sys.
argv; use PySys_SetArgvEx () for that. This is a no-op when called for a second time (without calling
Py_FinalizeEx () first). There is no return value; it is a fatal error if the initialization fails.

;. On Windows, changes the console mode from O_TEXT to O_BINARY, which will also affect non-Python
uses of the console using the C Runtime.

void Py_InitializeEx (int initsigs)

This function works like Py, Tnitialize () if initsigs is 1. If initsigs is 0, it skips initialization registration of
signal handlers, which might be useful when Python is embedded.

int Py_IsInitialized()

Return true (nonzero) when the Python interpreter has been initialized, false (zero) if not.  After
Py _FinalizeEx () is called, this returns false until Py_Tnitialize () is called again.

intPy_FinalizeEx ()

Undo all initializations made by Py Tnitialize () and subsequent use of Python/C API functions, and destroy
all sub-interpreters (see Py_NewInterpreter () below) that were created and not yet destroyed since the last
call to Py_Tnitialize (). Ideally, this frees all memory allocated by the Python interpreter. This is a no-op
when called for a second time (without calling Py_Tnitialize () again first). Normally the return value is O.
If there were errors during finalization (flushing buffered data), —1 is returned.

This function is provided for a number of reasons. An embedding application might want to restart Python without
having to restart the application itself. An application that has loaded the Python interpreter from a dynamically
loadable library (or DLL) might want to free all memory allocated by Python before unloading the DLL. During
a hunt for memory leaks in an application a developer might want to free all memory allocated by Python before
exiting from the application.

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may cause
destructors (__del__ () methods) to fail when they depend on other objects (even functions) or modules. Dy-
namically loaded extension modules loaded by Python are not unloaded. Small amounts of memory allocated by
the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in circular references
between objects is not freed. Some memory allocated by extension modules may not be freed. Some extensions
may not work properly if their initialization routine is called more than once; this can happen if an application calls
Py_Initialize () and Py FinalizeEx () more than once.

Raises an auditing event cpython._PySys_ClearAuditHooks with no arguments.

146

Chapter 9. #)i5ft. LEFLRE



The Python/C API, %% 3.9.5

3.6 BRI HE.

void Py_Finalize ()
This is a backwards-compatible version of Py_FinalizeEx () that disregards the return value.

9.4 Process-wide parameters

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
This function should be called before Py_Tnitialize (), if itis called at all. It specifies which encoding and
error handling to use with standard 1O, with the same meanings as in str.encode ().

It overrides PYTHONIOENCODING values, and allows embedding code to control IO encoding when the environ-
ment variable does not work.

encoding and/or errors may be NULL to use PYTHONIOENCODING and/or default values (depending on other
settings).

Note that sy s . stderr always uses the “backslashreplace” error handler, regardless of this (or any other) setting.

If Py FinalizeEx () is called, this function will need to be called again in order to affect subsequent calls to
Py_Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been initialized).
3.4 HiRIEE.

void Py__SetProgramName (const wchar_t *name)
This function should be called before Py Initialize () is called for the first time, if it is called at all. It
tells the interpreter the value of the argv [0] argument to the main () function of the program (converted to
wide characters). This is used by Py GetPath () and some other functions below to find the Python run-time
libraries relative to the interpreter executable. The default value is 'python'. The argument should point to
a zero-terminated wide character string in static storage whose contents will not change for the duration of the
program’s execution. No code in the Python interpreter will change the contents of this storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar* Py_GetProgramName ()
Return the program name set with Py SetProgramName (), or the default. The returned string points into
static storage; the caller should not modify its value.

wchar_t* Py_GetPrefix ()
Return the prefix for installed platform-independent files. This is derived through a number of complicated rules
from the program name set with Py SetProgramName () and some environment variables; for example, if the
program name is ' /usr/local/bin/python’, the prefix is ' /usr/local"'. The returned string points
into static storage; the caller should not modify its value. This corresponds to the prefix variable in the top-
level Makefile and the ——prefix argument to the configure script at build time. The value is available to
Python code as sys . prefix. It is only useful on Unix. See also the next function.

wchar_t* Py_GetExecPrefix ()
Return the exec-prefix for installed platform-dependent files. This is derived through a number of complicated rules
from the program name set with Py_ Set ProgramName () and some environment variables; for example, if
the program name is ' /usr/local/bin/python’, the exec-prefixis ' /usr/local'. The returned string
points into static storage; the caller should not modify its value. This corresponds to the exec_prefix variable
in the top-level Makefile and the ——exec—prefix argument to the configure script at build time. The
value is available to Python code as sys.exec_prefix. Itis only useful on Unix.

Background: The exec-prefix differs from the prefix when platform dependent files (such as executables and shared
libraries) are installed in a different directory tree. In a typical installation, platform dependent files may be installed
inthe /usr/local/plat subtree while platform independent may be installed in /usr/local.
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Generally speaking, a platform is a combination of hardware and software families, e.g. Sparc machines running
the Solaris 2.x operating system are considered the same platform, but Intel machines running Solaris 2.x are
another platform, and Intel machines running Linux are yet another platform. Different major revisions of the
same operating system generally also form different platforms. Non-Unix operating systems are a different story;
the installation strategies on those systems are so different that the prefix and exec-prefix are meaningless, and set
to the empty string. Note that compiled Python bytecode files are platform independent (but not independent from
the Python version by which they were compiled!).

System administrators will know how to configure the mount or automount programs to share /usr/local
between platforms while having /usr/local/plat be a different filesystem for each platform.

wchar_t* Py_GetProgramFullPath ()

Return the full program name of the Python executable; this is computed as a side-effect of deriving the default
module search path from the program name (set by Py_SetProgramName () above). The returned string
points into static storage; the caller should not modify its value. The value is available to Python code as sys.
executable.

wchar_t* Py_GetPath ()

Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a se-
ries of directory names separated by a platform dependent delimiter character. The delimiter character is ' : '
on Unix and Mac OS X, '; ' on Windows. The returned string points into static storage; the caller should not
modify its value. The list sys.path is initialized with this value on interpreter startup; it can be (and usually is)
modified later to change the search path for loading modules.

void Py_SetPath (const wchar_t *)

Set the default module search path. If this function is called before Py Tnitialize (),then Py_GetPath ()
won’t attempt to compute a default search path but uses the one provided instead. This is useful if Python is
embedded by an application that has full knowledge of the location of all modules. The path components should be
separated by the platform dependent delimiter character, whichis ' : ' on Unix and Mac OS X, ' ; ' on Windows.

This also causes sys.executable to be set to the program full path (see Py_GetProgramFullPath ())
and for sys.prefix and sys.exec_prefix to be empty. It is up to the caller to modify these if required
after calling Py_Initialize ().

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
The path argument is copied internally, so the caller may free it after the call completes.

TE 3.8 iR FE P : The program full path is now used for sys.executable, instead of the program name.

const char* Py_GetVersion ()

Return the version of this Python interpreter. This is a string that looks something like

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

The first word (up to the first space character) is the current Python version; the first three characters are the major
and minor version separated by a period. The returned string points into static storage; the caller should not modify
its value. The value is available to Python code as sys.version.

const char* Py_GetPlatform ()

Return the platform identifier for the current platform. On Unix, this is formed from the ”official” name of the
operating system, converted to lower case, followed by the major revision number; e.g., for Solaris 2.x, which is
also known as SunOS 5.x, the value is ' sunos5'. On Mac OS X, itis 'darwin'. On Windows, itis 'win'.
The returned string points into static storage; the caller should not modify its value. The value is available to Python
code as sys.platform.

const char* Py_GetCopyright ()

Return the official copyright string for the current Python version, for example
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'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'’

The returned string points into static storage; the caller should not modify its value. The value is available to Python
code as sys.copyright.

const char* Py_GetCompiler ()
Return an indication of the compiler used to build the current Python version, in square brackets, for example:

"[GCC 2.7.2.2]"

The returned string points into static storage; the caller should not modify its value. The value is available to Python
code as part of the variable sys.version.

const char* Py_GetBuildInfo ()

Return information about the sequence number and build date and time of the current Python interpreter instance,
for example

"#67, Aug 1 1997, 22:34:28"

The returned string points into static storage; the caller should not modify its value. The value is available to Python
code as part of the variable sys.version.

void PySys_SetArgvEx (int argc, wchar_t **argvy, int updatepath)
Set sys.argv based on argc and argv. These parameters are similar to those passed to the program’s main ()
function with the difference that the first entry should refer to the script file to be executed rather than the executable
hosting the Python interpreter. If there isn’t a script that will be run, the first entry in argv can be an empty string.
If this function fails to initialize sys . argv, a fatal condition is signalled using Py_FatalError ().

If updatepath is zero, this is all the function does. If updatepath is non-zero, the function also modifies sys.path
according to the following algorithm:

« If the name of an existing script is passed in argv [ 0], the absolute path of the directory where the script
is located is prepended to sys.path.

* Otherwise (that is, if argc is 0 or argv [0] doesn’t point to an existing file name), an empty string is
prepended to sys . path, which is the same as prepending the current working directory (" . ").

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

{EfR: It is recommended that applications embedding the Python interpreter for purposes other than executing a
single script pass 0 as updatepath, and update sys . path themselves if desired. See CVE-2008-5983.

On versions before 3.1.3, you can achieve the same effect by manually popping the first sy s . path element after
having called PySys_SetArgv (), for example using:

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 B e,

void PySys_SetArgv (int argc, wchar_t **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.
JE 3.4 R FE YL : The updatepath value depends on —1I.

void Py__SetPythonHome (const wchar_t *home)
Set the default "home” directory, that is, the location of the standard Python libraries. See PYTHONHOME for the
meaning of the argument string.

9.4. Process-wide parameters 149


https://cve.mitre.org/cgi-bin/cvename.cgi?name=CVE-2008-5983

The Python/C API, & 3.9.5

The argument should point to a zero-terminated character string in static storage whose contents will not change for
the duration of the program’s execution. No code in the Python interpreter will change the contents of this storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

w_char* Py_GetPythonHome ()
Return the default "home”, that is, the value set by a previous call to Py_SetPythonHome (), or the value of
the PYTHONHOME environment variable if it is set.

9.5 Thread State and the Global Interpreter Lock

The Python interpreter is not fully thread-safe. In order to support multi-threaded Python programs, there’s a global lock,
called the global interpreter lock or GIL, that must be held by the current thread before it can safely access Python objects.
Without the lock, even the simplest operations could cause problems in a multi-threaded program: for example, when
two threads simultaneously increment the reference count of the same object, the reference count could end up being
incremented only once instead of twice.

Therefore, the rule exists that only the thread that has acquired the GIL may operate on Python objects or call Python/C
API functions. In order to emulate concurrency of execution, the interpreter regularly tries to switch threads (see sys.
setswitchinterval ()). Thelock is also released around potentially blocking I/O operations like reading or writing
a file, so that other Python threads can run in the meantime.

The Python interpreter keeps some thread-specific bookkeeping information inside a data structure called
PyThreadState. There’s also one global variable pointing to the current PyThreadState: it can be retrieved
using PyThreadState_Get ().

9.5.1 Releasing the GIL from extension code

Most extension code manipulating the G/L has the following simple structure:

Save the thread state in a local variable.
Release the global interpreter lock.
Do some blocking I/O operation
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

This is so common that a pair of macros exists to simplify it:

Py_BEGIN_ALLOW_THREADS
Do some blocking I/O operation
Py_END_ALLOW_THREADS

The Py BEGIN_ALLOW_THREADS macro opens a new block and declares a hidden local variable; the
Py_END_ALLOW_THREADS macro closes the block.

The block above expands to the following code:

PyThreadState *_save;

_save = PyEval_sSaveThread();
Do some blocking I/O operation
PyEval_RestoreThread(_save);

Here is how these functions work: the global interpreter lock is used to protect the pointer to the current thread state.
When releasing the lock and saving the thread state, the current thread state pointer must be retrieved before the lock is
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released (since another thread could immediately acquire the lock and store its own thread state in the global variable).
Conversely, when acquiring the lock and restoring the thread state, the lock must be acquired before storing the thread
state pointer.

{Ef##:  Calling system I/O functions is the most common use case for releasing the GIL, but it can also be useful before
calling long-running computations which don’t need access to Python objects, such as compression or cryptographic
functions operating over memory buffers. For example, the standard z1ib and hashlib modules release the GIL
when compressing or hashing data.

9.5.2 3k Python glE&a9%k 12

When threads are created using the dedicated Python APIs (such as the threading module), a thread state is auto-
matically associated to them and the code showed above is therefore correct. However, when threads are created from
C (for example by a third-party library with its own thread management), they don’t hold the GIL, nor is there a thread
state structure for them.

If you need to call Python code from these threads (often this will be part of a callback API provided by the aforementioned
third-party library), you must first register these threads with the interpreter by creating a thread state data structure, then
acquiring the GIL, and finally storing their thread state pointer, before you can start using the Python/C API. When you
are done, you should reset the thread state pointer, release the GIL, and finally free the thread state data structure.

The PyGILState _Ensure () and PyGILState Release () functions do all of the above automatically. The
typical idiom for calling into Python from a C thread is:

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* () functions assume there is only one global interpreter (created automatically by
Py _TInitialize ()). Python supports the creation of additional interpreters (using Py_NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* () API is unsupported.

9.5.3 Cautions about fork()

Another important thing to note about threads is their behaviour in the face of the C fork () call. On most systems with
fork (), after a process forks only the thread that issued the fork will exist. This has a concrete impact both on how
locks must be handled and on all stored state in CPython’s runtime.

The fact that only the "current” thread remains means any locks held by other threads will never be released. Python solves
this for os . fork () byacquiring the locks it uses internally before the fork, and releasing them afterwards. In addition, it
resets any lock-objects in the child. When extending or embedding Python, there is no way to inform Python of additional
(non-Python) locks that need to be acquired before or reset after a fork. OS facilities such as pthread_atfork ()
would need to be used to accomplish the same thing. Additionally, when extending or embedding Python, calling fork ()
directly rather than through os. fork () (and returning to or calling into Python) may result in a deadlock by one of
Python’s internal locks being held by a thread that is defunct after the fork. PyOS AfterFork Child() tries to
reset the necessary locks, but is not always able to.
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The fact that all other threads go away also means that CPython’s runtime state there must be cleaned up properly, which
os.fork () does. This means finalizing all other Py ThreadState objects belonging to the current interpreter and
allother PyInterpreterState objects. Due to this and the special nature of the “main” interpreter, fork () should

only be called in that interpreter’s “main” thread, where the CPython global runtime was originally initialized. The only
exception is if exec () will be called immediately after.

9.5.4 E API

These are the most commonly used types and functions when writing C extension code, or when embedding the Python
interpreter:

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 ()
Deprecated function which does nothing.

In Python 3.6 and older, this function created the GIL if it didn’t exist.

T 3.9 JiRFE P The function now does nothing.

FE 3.7 i 2 This function is now called by Py Tnitialize (), soyoudon't have to call it yourself anymore.
TE 3.2 iR #e: This function cannot be called before Py Tnitialize () anymore.

Deprecated since version 3.9, will be removed in version 3.11.

int PyEval_ThreadsInitialized()
Returns a non-zero value if PyEval_ TInitThreads () has been called. This function can be called without
holding the GIL, and therefore can be used to avoid calls to the locking API when running single-threaded.

T 3.7 RSB The GIL is now initialized by Py _Tnitialize ().
Deprecated since version 3.9, will be removed in version 3.11.

PyThreadState* PyEval_SaveThread ()
Release the global interpreter lock (if it has been created) and reset the thread state to NULL, returning the previous
thread state (which is not NULL). If the lock has been created, the current thread must have acquired it.

void PyEval_RestoreThread (PyThreadState *tstate)
Acquire the global interpreter lock (if it has been created) and set the thread state to tstate, which must not be
NULL. If the lock has been created, the current thread must not have acquired it, otherwise deadlock ensues.

{#fft:  Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.
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PyThreadState* PyThreadState_Get ()
Return the current thread state. The global interpreter lock must be held. When the current thread state is NULL,
this issues a fatal error (so that the caller needn’t check for NULL).

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
Swap the current thread state with the thread state given by the argument #state, which may be NULL. The global
interpreter lock must be held and is not released.

The following functions use thread-local storage, and are not compatible with sub-interpreters:

PyGILState_STATE PyGILState_Ensure ()
Ensure that the current thread is ready to call the Python C API regardless of the current state of Python, or
of the global interpreter lock. This may be called as many times as desired by a thread as long as each call is
matched with a call to PyGILState_Release (). In general, other thread-related APIs may be used be-
tween PyGILState_Ensure () and PyGILState_Release () calls as long as the thread state is restored
to its previous state before the Release(). For example, normal usage of the Py BEGIN_ALLOW_THREADS and
Py_END_ALLOW_THREADS macros is acceptable.

The return value is an opaque “handle” to the thread state when PyGILState Ensure () was called, and must
be passed to PyGILState_Release () to ensure Python is left in the same state. Even though recursive calls
are allowed, these handles cannot be shared - each unique call to PyGILState_Ensure () must save the handle
foritscall to PyGILState Release ().

When the function returns, the current thread will hold the GIL and be able to call arbitrary Python code. Failure
is a fatal error.

{#fft:  Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

void PyGILState_Release (PyGILState_STATE)
Release any resources previously acquired. After this call, Python’s state will be the same as it was prior to the

corresponding PyGILState_Ensure () call (but generally this state will be unknown to the caller, hence the
use of the GILState API).

Everycallto PyGILState_Ensure () mustbe matchedbyacallto PyGILState Release () onthe same
thread.

PyThreadState* PyGILState_GetThisThreadState ()
Get the current thread state for this thread. May return NULL if no GILState API has been used on the current
thread. Note that the main thread always has such a thread-state, even if no auto-thread-state call has been made
on the main thread. This is mainly a helper/diagnostic function.

int PyGILState_Check ()
Return 1 if the current thread is holding the GIL and 0 otherwise. This function can be called from any thread
at any time. Only if it has had its Python thread state initialized and currently is holding the GIL will it return 1.
This is mainly a helper/diagnostic function. It can be useful for example in callback contexts or memory allocation
functions when knowing that the GIL is locked can allow the caller to perform sensitive actions or otherwise behave
differently.

3.4 B fE.

The following macros are normally used without a trailing semicolon; look for example usage in the Python source
distribution.

Py_BEGIN_ALLOW_THREADS
This macro expandsto { PyThreadState *_save; _save = PyEval_SaveThread () ;. Note that
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it contains an opening brace; it must be matched with a following Py_ END_ALLOW_THREADS macro. See above
for further discussion of this macro.

Py_END_ALLOW_THREADS
This macro expands to PyEval_RestoreThread (_save); }. Note thatit contains a closing brace; it must
be matched with an earlier Py_ BEGIN_ALLOW_THREADS macro. See above for further discussion of this macro.

Py_BLOCK_THREADS
This macro expands to PyEval_RestoreThread(_save);: it is equivalent to
Py_END_ALLOW_THREADS without the closing brace.

Py_UNBLOCK_THREADS
This macro expands to _save = PyEval_SaveThread() ;: it is equivalent to
Py_BEGIN_ALLOW_THREADS without the opening brace and variable declaration.

9.5.5 Low-level API

All of the following functions must be called after Py_ITnitialize ().
JE 3.7 iUEM: Py_Initialize () now initializes the GIL.

PylnterpreterState* PyInterpreterState_New ()
Create a new interpreter state object. The global interpreter lock need not be held, but may be held if it is necessary
to serialize calls to this function.

Raises an auditing event coython.PyInterpreterState_New with no arguments.

void PyInterpreterState_Clear (PylnterpreterState *interp)
Reset all information in an interpreter state object. The global interpreter lock must be held.

Raises an auditing event cpython.PyInterpreterState_Clear with no arguments.

void PyInterpreterState_Delete (PylnterpreterState *interp)
Destroy an interpreter state object. The global interpreter lock need not be held. The interpreter state must have
been reset with a previous call to PyInterpreterState_Clear ().

PyThreadState* PyThreadState_New ( PylnterpreterState *interp)
Create a new thread state object belonging to the given interpreter object. The global interpreter lock need not be
held, but may be held if it is necessary to serialize calls to this function.

void PyThreadState_Clear (PyThreadState *tstate)
Reset all information in a thread state object. The global interpreter lock must be held.

TE 3.9 { H ¥ This function now calls the PyThreadState.on_delete callback. Previously, that happened
in PyThreadState_Delete ().

void PyThreadState_Delete (PyThreadState *tstate)
Destroy a thread state object. The global interpreter lock need not be held. The thread state must have been reset
with a previous call to PyThreadState_Clear ().

void PyThreadState_DeleteCurrent (void)
Destroy the current thread state and release the global interpreter lock. Like PyThreadState_Delete (),
the global interpreter lock need not be held. The thread state must have been reset with a previous call to
PyThreadState_Clear().

PyFrameObject* PyThreadState_GetFrame (PyThreadState *tstate)
Get the current frame of the Python thread state tstate.

Return a strong reference. Return NULL if no frame is currently executing.

See also PyEval_ GetFrame ().
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tstate must not be NULL.
3.9 FriRUGe.

uint64_t PyThreadState_Get ID (PyThreadState *tstate)
Get the unique thread state identifier of the Python thread state fstate.

tstate must not be NULL.
3.9 FriR e

PyInterpreterState* PyThreadState_GetInterpreter (PyThreadState *tstate)
Get the interpreter of the Python thread state tstate.

tstate must not be NULL.
3.9 FriR e

PyInterpreterState* PyInterpreterState_Get (void)
Get the current interpreter.

Issue a fatal error if there no current Python thread state or no current interpreter. It cannot return NULL.
IR DA 2555 A GIL.,
3.9 FrhRE.

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
Return the interpreter’s unique ID. If there was any error in doing so then -1 is returned and an error is set.

PR A GIL
3.7 B fE.

PyObject* PyInterpreterState_GetDict (PylnterpreterState *interp)
Return a dictionary in which interpreter-specific data may be stored. If this function returns NULL then no exception
has been raised and the caller should assume no interpreter-specific dict is available.

This is not a replacement for PyModule GetState (), which extensions should use to store interpreter-specific
state information.

3.8 BRI HE.

PyObject* (*_PyFrameEvalFunction) (PyThreadState *tstate, PyFrameObject *frame, int throwflag)
Type of a frame evaluation function.

The throwflag parameter is used by the throw () method of generators: if non-zero, handle the current exception.
T 3.9 MU PR The function now takes a fstate parameter.

_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
Get the frame evaluation function.

See the PEP 523 ”Adding a frame evaluation API to CPython”.
3.9 BRI HE.

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState  *interp, _PyFrameEvalFunc-

tion eval_frame)
Set the frame evaluation function.

See the PEP 523 ”Adding a frame evaluation API to CPython”.
3.9 BRI HE.
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PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. Return a dictionary in which extensions can store thread-specific state informa-
tion. Each extension should use a unique key to use to store state in the dictionary. It is okay to call this function
when no current thread state is available. If this function returns NULL, no exception has been raised and the caller
should assume no current thread state is available.

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
Asynchronously raise an exception in a thread. The id argument is the thread id of the target thread; exc is the
exception object to be raised. This function does not steal any references to exc. To prevent naive misuse, you must
write your own C extension to call this. Must be called with the GIL held. Returns the number of thread states
modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL, the pending exception
(if any) for the thread is cleared. This raises no exceptions.

T 3.7 JRFE L The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
Acquire the global interpreter lock and set the current thread state to #state, which must not be NULL. The lock
must have been created earlier. If this thread already has the lock, deadlock ensues.

{:ffg:  Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

£ 38 R W O Updated to be consistent with PyEval RestoreThread(),
Py END_ALLOW_THREADS (), and PyGILState Ensure (), and terminate the current thread if
called while the interpreter is finalizing.

PyEval_RestoreThread () is a higher-level function which is always available (even when threads have not
been initialized).

void PyEval_ReleaseThread (PyThreadState *tstate)
Reset the current thread state to NULL and release the global interpreter lock. The lock must have been created
earlier and must be held by the current thread. The #state argument, which must not be NULL, is only used to check
that it represents the current thread state --- if it isn’t, a fatal error is reported.

PyEval_SaveThread () is a higher-level function which is always available (even when threads have not been
initialized).

void PyEval_AcquirelLock ()
Acquire the global interpreter lock. The lock must have been created earlier. If this thread already has the lock, a
deadlock ensues.

32 it J5 © # ¥ This function does not update the current thread state. Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.

{Ef#: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

E 38 i O Updated to be consistent with PyEval RestoreThread(),
Py_END_ALLOW_THREADS (), and PyGILState_Ensure (), and terminate the current thread if
called while the interpreter is finalizing.

void PyEval_ReleaseLock ()
Release the global interpreter lock. The lock must have been created earlier.
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3.2 {5 E.F4 % This function does not update the current thread state. Please use PyEval_SaveThread ()
or PyEval_ReleaseThread () instead.

9.6 Sub-interpreter support

While in most uses, you will only embed a single Python interpreter, there are cases where you need to create several
independent interpreters in the same process and perhaps even in the same thread. Sub-interpreters allow you to do that.

The “main” interpreter is the first one created when the runtime initializes. It is usually the only Python interpreter in a
process. Unlike sub-interpreters, the main interpreter has unique process-global responsibilities like signal handling. It is
also responsible for execution during runtime initialization and is usually the active interpreter during runtime finalization.
The PyInterpreterState_Main () function returns a pointer to its state.

You can switch between sub-interpreters using the Py ThreadState_Swap () function. You can create and destroy
them using the following functions:

PyThreadState* Py_NewInterpreter ()
Create a new sub-interpreter. This is an (almost) totally separate environment for the execution of Python code.
In particular, the new interpreter has separate, independent versions of all imported modules, including the fun-
damental modules builtins, _ main__ and sys. The table of loaded modules (sys.modules) and the
module search path (sys.path) are also separate. The new environment has no sys.argv variable. It has
new standard I/O stream file objects sys.stdin, sys.stdout and sys. stderr (however these refer to the
same underlying file descriptors).

The return value points to the first thread state created in the new sub-interpreter. This thread state is made in the
current thread state. Note that no actual thread is created; see the discussion of thread states below. If creation
of the new interpreter is unsuccessful, NULL is returned; no exception is set since the exception state is stored in
the current thread state and there may not be a current thread state. (Like all other Python/C API functions, the
global interpreter lock must be held before calling this function and is still held when it returns; however, unlike
most other Python/C API functions, there needn’t be a current thread state on entry.)

Extension modules are shared between (sub-)interpreters as follows:

* For modules using multi-phase initialization, e.g. PyModule_FromDefAndSpec (), a separate mod-
ule object is created and initialized for each interpreter. Only C-level static and global variables are shared
between these module objects.

» For modules using single-phase initialization, e.g. PyModule_Create (), the first time a particular exten-
sion is imported, it is initialized normally, and a (shallow) copy of its module’s dictionary is squirreled away.
When the same extension is imported by another (sub-)interpreter, a new module is initialized and filled with
the contents of this copy; the extension’s init function is not called. Objects in the module’s dictionary thus
end up shared across (sub-)interpreters, which might cause unwanted behavior (see Bugs and caveats below).

Note that this is different from what happens when an extension is imported after the interpreter has been
completely re-initialized by calling Py_FinalizeEx () and Py_Tnitialize ();in that case, the ex-
tension’s initmodule function is called again. As with multi-phase initialization, this means that only
C-level static and global variables are shared between these modules.

void Py_EndInterpreter (PyThreadState *tstate)
Destroy the (sub-)interpreter represented by the given thread state. The given thread state must be the current
thread state. See the discussion of thread states below. When the call returns, the current thread state is NULL. All
thread states associated with this interpreter are destroyed. (The global interpreter lock must be held before calling
this function and is still held when it returns.) Py_FinalizeEx () will destroy all sub-interpreters that haven’t
been explicitly destroyed at that point.
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9.6.1 HRFIE S

Because sub-interpreters (and the main interpreter) are part of the same process, the insulation between them isn’t perfect
--- for example, using low-level file operations like os . close () they can (accidentally or maliciously) affect each other’s
open files. Because of the way extensions are shared between (sub-)interpreters, some extensions may not work properly;
this is especially likely when using single-phase initialization or (static) global variables. It is possible to insert objects
created in one sub-interpreter into a namespace of another (sub-)interpreter; this should be avoided if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes between sub-
interpreters, since import operations executed by such objects may affect the wrong (sub-)interpreter’s dictionary of
loaded modules. It is equally important to avoid sharing objects from which the above are reachable.

Also note that combining this functionality with PyGILState_* () APIs is delicate, because these APIs assume a
bijection between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters.
It is highly recommended that you don’t switch sub-interpreters between a pair of matching PyGILState_Ensure ()
and PyGILState_Release () calls. Furthermore, extensions (such as ctypes) using these APIs to allow calling
of Python code from non-Python created threads will probably be broken when using sub-interpreters.

9.7 L &EA

A mechanism is provided to make asynchronous notifications to the main interpreter thread. These notifications take the
form of a function pointer and a void pointer argument.

int Py_AddPendingCall (int (*func)(void *), void *arg)
Schedule a function to be called from the main interpreter thread. On success, O is returned and func is queued for
being called in the main thread. On failure, -1 is returned without setting any exception.

When successfully queued, func will be eventually called from the main interpreter thread with the argument arg.
It will be called asynchronously with respect to normally running Python code, but with both these conditions met:

* on a bytecode boundary;
 with the main thread holding the global interpreter lock (func can therefore use the full C API).

func must return 0 on success, or —1 on failure with an exception set. func won't be interrupted to perform another
asynchronous notification recursively, but it can still be interrupted to switch threads if the global interpreter lock
is released.

This function doesn’t need a current thread state to run, and it doesn’t need the global interpreter lock.

To call this function in a subinterpreter, the caller must hold the GIL. Otherwise, the function func can be scheduled
to be called from the wrong interpreter.

g e: This is a low-level function, only useful for very special cases. There is no guarantee that func will be
called as quick as possible. If the main thread is busy executing a system call, func won’t be called before the
system call returns. This function is generally not suitable for calling Python code from arbitrary C threads.
Instead, use the PyGILState API.

JE 3.9 W EE B If this function is called in a subinterpreter, the function func is now scheduled to be called from
the subinterpreter, rather than being called from the main interpreter. Each subinterpreter now has its own list of
scheduled calls.

3.1 BRI HE.
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9.8 SHTFOERER

The Python interpreter provides some low-level support for attaching profiling and execution tracing facilities. These are
used for profiling, debugging, and coverage analysis tools.

This C interface allows the profiling or tracing code to avoid the overhead of calling through Python-level callable objects,
making a direct C function call instead. The essential attributes of the facility have not changed; the interface allows trace
functions to be installed per-thread, and the basic events reported to the trace function are the same as had been reported
to the Python-level trace functions in previous versions.

int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
The type of the trace function registered using PyEval_ SetProfile () and PyEval_SetTrace (). The
first parameter is the object passed to the registration function as obj, frame is the frame object to which the event
pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what #I{E arg la X

PyTrace_CALL E\%Py_None.

PyTrace_EXCEPTION sys.exc_info () RMEHREE L.

PyTrace_LINE E‘\%Py_l\ione.

PyTrace_RETURN Value being returned to the caller, or NULL if caused by an exception.
PyTrace_C_CALL IEFEYR RO 42

PyTrace C_EXCEPTION | IEAEVE T A BN 2.

PyTrace_C_RETURN TETEYE H BRSO 42

PyTrace_OPCODE mEpy None.

int PyTrace_CALL
The value of the what parameter to a Py_ t race func function when a new call to a function or method is being
reported, or a new entry into a generator. Note that the creation of the iterator for a generator function is not
reported as there is no control transfer to the Python bytecode in the corresponding frame.

int PyTrace_EXCEPTION
The value of the what parameter to a Py_ t racefunc function when an exception has been raised. The callback
function is called with this value for what when after any bytecode is processed after which the exception becomes
set within the frame being executed. The effect of this is that as exception propagation causes the Python stack to
unwind, the callback is called upon return to each frame as the exception propagates. Only trace functions receives
these events; they are not needed by the profiler.

int PyTrace_LINE
The value passed as the what parameter to a Py_t racefunc function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.

int PyTrace_RETURN
The value for the what parameter to Py_ t race func functions when a call is about to return.

int PyTrace_C_CALL
The value for the what parameter to Py_ t race func functions when a C function is about to be called.

int PyTrace_C_EXCEPTION
The value for the what parameter to Py_ t race func functions when a C function has raised an exception.

int PyTrace_C_RETURN
The value for the what parameter to Py_t race func functions when a C function has returned.
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int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new op-
code is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)
Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may be
any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj for each
thread provides a convenient and thread-safe place to store it. The profile function is called for all monitored events
except PyTrace_LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

The caller must hold the GIL.

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)
Set the tracing function to func. This is similar to PyEval_SetProfile (), except the tracing function does
receive line-number events and per-opcode events, but does not receive any event related to C function objects
being called. Any trace function registered using PyEval_SetTrace () will not receive PyTrace_C_CALL,
PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what parameter.

The caller must hold the GIL.

9.9 ERIA LS ZHF

These functions are only intended to be used by advanced debugging tools.

PyInterpreterState* PyInterpreterState_Head ()
Return the interpreter state object at the head of the list of all such objects.

PylnterpreterState* PyInterpreterState_Main ()
Return the main interpreter state object.

PyInterpreterState* PyInterpreterState_Next (PylnterpreterState *interp)
Return the next interpreter state object after interp from the list of all such objects.

PyThreadState * PyInterpreterState_ThreadHead (PylnterpreterState *interp)
Return the pointer to the first Py ThreadStat e object in the list of threads associated with the interpreter interp.

PyThreadState* PyThreadState_Next (PyThreadState *tstate)
Return the next thread state object after #state from the list of all such objects belonging to the same
PyInterpreterState object.

9.10 Thread Local Storage Support

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native TLS
implementation to support the Python-level thread local storage API (threading. local). The CPython C level APIs
are similar to those offered by pthreads and Windows: use a thread key and functions to associate a void* value per
thread.

The GIL does not need to be held when calling these functions; they supply their own locking.

Note that Python.h does not include the declaration of the TLS APIs, you need to include pythread.h to use
thread-local storage.

{Ef#: None of these API functions handle memory management on behalf of the void* values. You need to allo-
cate and deallocate them yourself. If the void* values happen to be PyObject *, these functions don’t do refcount
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operations on them either.

9.10.1 Thread Specific Storage (TSS) API

TSS APl is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a new
type Py_tss_t instead of int to represent thread keys.

3.7 B IE.
W
”A New C-API for Thread-Local Storage in CPython” (PEP 539)
Py tss_t
This data structure represents the state of a thread key, the definition of which may depend on the underlying TLS

implementation, and it has an internal field representing the key’s initialization state. There are no public members
in this structure.

When Py_LIMITED_API is not defined, static allocation of this type by Py_tss_NEEDS_INIT is allowed.

Py_tss_NEEDS_INIT
This macro expands to the initializer for Py_tss_t variables. Note that this macro won’t be defined with
Py _LIMITED_API.

Dynamic Allocation

Dynamic allocation of the Py_ tss_ t, required in extension modules built with Py_LIMITED_API, where static alloca-
tion of this type is not possible due to its implementation being opaque at build time.

Py_tss_t* PyThread_tss_alloc ()
Return a value which is the same state as a value initialized with Py _tss NEEDS TNIT, or NULL in the case
of dynamic allocation failure.

void PyThread_tss_free (Py_tss_t *key)
Free the given key allocated by PyThread_tss_alloc (), after first calling PyThread_tss_delete ()
to ensure any associated thread locals have been unassigned. This is a no-op if the key argument is NULL.

Wf#: A freed key becomes a dangling pointer, you should reset the key to NULL.

Kk

The parameter key of these functions must not be NULL. Moreover, the behaviors of PyThread tss_set ()
and PyThread_tss_get () are undefined if the given Py tss_t has not been initialized by
PyThread_ tss_create().

int PyThread_tss_is_created (Py_1ss_t *key)
Return a non-zero value if the given Py_tss_ t has been initialized by PyThread_tss_create ().

int PyThread_tss_create (Py_fss_t *key)
Return a zero value on successful initialization of a TSS key. The behavior is undefined if the value pointed to
by the key argument is not initialized by Py_ t ss_NEEDS_INIT. This function can be called repeatedly on the
same key -- calling it on an already initialized key is a no-op and immediately returns success.
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void PyThread_tss_delete (Py_tss_t *key)
Destroy a TSS key to forget the values associated with the key across all threads, and change the key’s initialization
state to uninitialized. A destroyed key is able to be initialized again by PyThread tss_create (). This
function can be called repeatedly on the same key -- calling it on an already destroyed key is a no-op.

int PyThread_tss_set (Py_tss_t *key, void *value)
Return a zero value to indicate successfully associating a void* value with a TSS key in the current thread. Each
thread has a distinct mapping of the key to a void* value.

void* PyThread_tss_get (Py_fss_t *key)
Return the void* value associated with a TSS key in the current thread. This returns NULL if no value is associated
with the key in the current thread.

9.10.2 Thread Local Storage (TLS) API

3.7 B G EL A% R4 This API is superseded by Thread Specific Storage (TSS) API.

{Efiit:  This version of the API does not support platforms where the native TLS key is defined in a way that cannot be
safely cast to int. On such platforms, PyThread create_key () will return immediately with a failure status, and
the other TLS functions will all be no-ops on such platforms.

1T R 2 AR, N RAE B ARG T AR 1Y) AP
int PyThread_create_key ()

void PyThread_delete_key (int key)

int PyThread_set_key_value (int key, void *value)

void* PyThread_get_key_value (int key)

void PyThread_delete_key_value (int key)

void PyThread_ReInitTLS ()
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PyConfig
PyPreConfig
PyStatus

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()
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e PyStatus_IsExit ()

e PyStatus_NoMemory ()

e PyStatus_O0Ok ()

e PyWideStringList_Append()
e PyWideStringList_Insert ()
e Py _ExitStatusException()

e Py InitializeFromConfig/()
* Py PrelInitialize()

e Py PrelInitializeFromArgs ()
* Py PrelInitializeFromBytesArgs ()
* Py RunMain /()

* Py GetArgcArgv ()

The preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig and the configuration
(PyConfigtype)isstoredin PyInterpreterState.config.

See also Initialization, Finalization, and Threads.
2 W
PEP 587 "Python #4540 &

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.

DR

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
Append item to list.

Python must be preinitialized to call this function.

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
Insert item into list at index.

If index is greater than or equal to list length, append item to list.
index must be greater than or equal to 0.
Python must be preinitialized to call this function.

Structure fields:

Py_ssize_t length
List K J&F,
wchar_t** items

FIETIH -
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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)
N
7[352 °
PyStatus PyStatus_Error (const char *err_msg)

Initialization error with a message.

PyStatus PyStatus_NoMemory (void)
Memory allocation failure (out of memory).

PyStatus PyStatus_Exit (int exitcode)
Exit Python with the specified exit code.

Functions to handle a status:

int PyStatus_Exception (PyStatus status)
Is the status an error or an exit? If true, the exception must be handled,;
Py_ExitStatusException () for example.

int PyStatus_IsError (PyStatus status)
SRR IRNG?

int PyStatus_IsExit (PyStatus status)
AR IR

void Py_ExitStatusException (PyStatus status)

by calling

Call exit (exitcode) if status is an exit. Print the error message and exit with a non-zero exit code if

status is an error. Must only be called if PyStatus_Exception (status) is non-zero.

TEfiR:

NULL.

Internally, Python uses macros which set PyStatus. func, whereas functions to create a status set func to

Il

PyStatus alloc(void **ptr, size_t size)

{

*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {

return PyStatus_NoMemory () ;
}
return PyStatus_Ok () ;

(Rt

10.2. PyStatus
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(£ 50

}

int main(int argc, char **argv)

{
void *ptr;
PyStatus status = alloc (&ptr, 16);
if (PyStatus_Exception(status)) A

Py_ExitStatusException (status);

}
PyMem_Free (ptr);
return 0;

10.3 PyPreConfig

PyPreConfig
Structure used to preinitialize Python:

¢ Set the Python memory allocator
* Configure the LC_CTYPE locale
* BEY UTF-8 £

Function to initialize a preconfiguration:

void PyPreConfig_InitPythonConfig (PyPreConfig *preconfig)
Initialize the preconfiguration with Python Configuration.

void PyPreConfig_ InitIsolatedConfig (PyPreConfig *preconfig)
Initialize the preconfiguration with Isolated Configuration.

Structure fields:

intallocator
Name of the memory allocator:

e PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults)

e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators

e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks

e PYMEM_ALLOCATOR_MALLOC (3): force usage of malloc ()

e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks

¢ PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator

e PYMEM_ALLOCATOR_PYMALLOC_DERUG (6): Python pymalloc memory allocator with debug hooks

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if
Python is configured using ——without-pymalloc

See Memory Management.

int configure_locale
Set the LC_CTYPE locale to the user preferred locale? If equals to 0, set coerce_c_locale and
coerce_c_locale_warntoO.
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int coerce_c_locale
If equals to 2, coerce the C locale; if equals to 1, read the LC_CTYPE locale to decide if it should be coerced.

int coerce_c_locale_warn
If non-zero, emit a warning if the C locale is coerced.

int dev_mode
Z:lPyConfig.dev_mode.

int isolated
%)l PyConfig.isolated.

int legacy_windows_fs_encoding (Windows only)
If non-zero, disable UTF-8 Mode, set the Python filesystem encoding to mbcs, set the filesystem error handler
to replace.

Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.

int parse_argv
If non-zero, Py_PrelnitializeFromArgs () and Py _PrelnitializeFromBytesArgs ()
parse their argv argument the same way the regular Python parses command line arguments: see Com-
mand Line Arguments.

int use_environment
Z W PyConfig.use_environment.

int ut £8_mode
If non-zero, enable the UTF-8 mode.

10.4 Preinitialization with PyPreConfig

Functions to preinitialize Python:

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
Preinitialize Python from preconfig preconfiguration.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char * const *argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (bytes strings).

PyStatus Py_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 _PreInitialize() and before
Py _InitializeFromConfig() to install a custom memory allocator. It can be called before
Py_PrelInitialize () if PyPreConfig.allocatorissetto PYMEM_ALLOCATOR_NOT_SET.

Python memory allocation functions like PyMem_ RawMalloc () must not be used before Python preinitialization,
whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called before
the preinitialization.

Example using the preinitialization to enable the UTF-8 Mode:
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PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) A
Py_ExitStatusException(status);

3

/* at this point, Python will speak UTF-8 */
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 *[ist,
Py_ssize_t length, wchar_t **items)
Set the list of wide strings /ist 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.
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Preinitialize Python if needed.

void PyConfig_Clear (PyConfig *config)
Release configuration memory.

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration
in based on the PyConfig. If configuration fields which are in common with PyPreConfig are tuned, they
must be set before calling a PyConfig method:

e dev_mode

e isolated

* parse_argv

* use_environment

Moreover, if PyConfig SetArgv () or PyConfig_SetBytesArgv () isused, this method must be called
first, before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

The caller of these methods is responsible to handle exceptions (error or exit) using PyStatus_Exception ()
and Py_ExitStatusException ().

Structure fields:

PyWideStringList axrgv
Command line arguments, sys .argv. See parse_argv to parse a rgv the same way the regular Python
parses Python command line arguments. If argv is empty, an empty string is added to ensure that sys.
argv always exists and is never empty.

wchar_t* base_exec_prefix
sys.base_exec_prefix.

wchar_t* base_executable
sys._base_executable: _ PYVENV_LAUNCHER___ environment variable value, or copy of
PyConfig.executable.

wchar_t* base_prefix
sys.base_prefix.

wchar_t* platlibdir
sys.platlibdir: platform library directory name, set at configure time by ——with-platlibdir,
overrideable by the PYTHONPLATLIBDIR environment variable.

3.9 B HE.

int buffered_stdio
If equals to 0, enable unbuffered mode, making the stdout and stderr streams unbuffered.

stdin is always opened in buffered mode.

int bytes_warning
If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int. If equal or greater to 2, raise a BytesWarning exception.

wchar_t* check_hash_pycs_mode
Control the validation behavior of hash-based . pyc files (see PEP 552): ——check—-hash-based-pycs
command line option value.

Valid values: always, never and default.

BRAME R default.
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int configure_c_stdio
If non-zero, configure C standard streams (stdio, stdout, stdout). For example, set their mode to
O_BINARY on Windows.

int dev_mode
If non-zero, enable the Python Development Mode.

int dump_refs
If non-zero, dump all objects which are still alive at exit.

Py_TRACE_REFS macro must be defined in build.

wchar_t* exec_prefix
sys.exec_prefix.

wchar_t* executable
sys.executable.

int faulthandler
If non-zero, call faulthandler.enable () atstartup.

wchar_t* filesystem_encoding
Filesystem encoding, sys.getfilesystemencoding ().

wchar_t* filesystem_errors
Filesystem encoding errors, sys.getfilesystemencodeerrors ().

unsigned long hash_seed

int use_hash_seed
Randomized hash function seed.

If use_hash_seed is zero, a seed is chosen randomly at Pythonstartup, and hash_ seed is ignored.

wchar_t* home
Python home directory.

Initialized from PYTHONHOME environment variable value by default.
int import_time
If non-zero, profile import time.

int inspect
Enter interactive mode after executing a script or a command.

int install_signal_handlers
Install signal handlers?

int interactive
R HE
int isolated
If greater than O, enable isolated mode:

* sys.path contains neither the script’s directory (computed from argv [0] or the current directory)
nor the user’s site-packages directory.

¢ Python REPL doesn’t import readline nor enable default readline configuration on interactive
prompts.

e Set use_environment and user_site_directoryto0.

int legacy_windows_stdio
If non-zero,use io.FileIOinstead of io.WindowsConsoleIOfor sys.stdin, sys.stdout and
sys.stderr.
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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

intmodule_search_paths_set
sys.path. If module_search_paths_set is equal to 0, the module search_paths is over-
ridden by the function calculating the Path Configuration.

int optimization_level
Compilation optimization level:

¢ 0: Peephole optimizer (and __debug___is setto 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 argu-
ments from argv: see Command Line Arguments.

int parser_debug
If non-zero, turn on parser debugging output (for expert only, depending on compilation options).

int pathconfig_warnings
If equal to 0, suppress warnings when calculating the Path Configuration (Unix only, Windows does not log
any warning). Otherwise, warnings are written into stderr.

wchar_t* prefix
sys.prefix.

wchar_t* program_name
Program name. Used to initialize executable, and in early error messages.

wchar_t* pycache_prefix
sys.pycache_prefix: .pyc cache prefix.

If NULL, sys.pycache_prefixissetto None.

int quiet
Quiet mode. For example, don’t display the copyright and version messages in interactive mode.

wchar_t* run_command
python3 —c COMMAND argument. Used by Py_RunMain ().

wchar_t* run_filename
python3 FILENAME argument. Used by Py RunMain ().

wchar_t* run_module
python3 -m MODULE argument. Used by Py RunMain ().

int show_ref_ count
Show total reference count at exit?

Setto 1 by -X showrefcount command line option.
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Need a debug build of Python (Py_REF_DEBUG macro must be defined).

int site_import
Import the site module at startup?

int skip_source_first_line
Skip the first line of the source?

wchar_t* stdio_encoding

wchar_t* stdio_errors
Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr.

int tracemalloc
If non-zero, call tracemalloc.start () atstartup.

int use_environment
If greater than 0, use environment variables.

intuser_site_directory
If non-zero, add user site directory to sys.path.

int verbose
If non-zero, enable verbose mode.

PyWideStringList warnoptions
sys.warnoptions: options of the warnings module to build warnings filters: lowest to highest priority.

The warnings module adds sys.warnoptions in the reverse order: the last PyConfig.
warnoptions item becomes the first item of warnings. filters which is checked first (highest pri-
ority).

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.

int _use_peg_parser
Enable PEG parser? Default: 1.

Setto 0 by -X oldparser and PYTHONOLDPARSER.
Z I, PEP 617,
Deprecated since version 3.9, will be removed in version 3.10.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line argu-
ments, and Python arguments are stripped from argv: see Command Line Arguments.

The xoptions options are parsed to set other options: see —X option.

¥E 3.9 B Pk The show_alloc_count field has been removed.
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10.6 Initialization with PyConfig

Function to initialize Python:

PyStatus Py_InitializeFromConfig (const PyConfig *config)
Initialize Python from config configuration.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Exception () and
Py ExitStatusException().

If PyImport_FrozenModules (), PyImport_AppendInittab () or PyImport_ExtendInittab ()
are used, they must be set or called after Python preinitialization and before the Python initialization. If Python is
initialized multiple times, Py Import_AppendInittab () or PyImport_ExtendInittab () must be called
before each Python initialization.

Example setting the program name:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

/* Set the program name. Implicitly preinitialize Python. */

status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;

if (PyStatus_Exception(status)) {

goto fail;
3
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) A

goto fail;

}
PyConfig_Clear (&configqg);
return;

fail:
PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some parameters:

PyStatus init_python (const char *program_name)

{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&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) ;

(Qi¥i#3)
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if (PyStatus_Exception(status)) {
goto done;
3

/* Read all configuration at once */

status = PyConfig_Read (&config);

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(&config);
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.

10.8 Python Configuration

PyPreConfig_InitPythonConfig () and PyConfig_InitPythonConfig () functions create a configu-
ration to build a customized Python which behaves as the regular Python.

Environments variables and command line arguments are used to configure Python, whereas global configuration variables
are ignored.

This function enables C locale coercion (PEP 538) and UTF-8 Mode (PEP 540) depending on the LC_CTYPE locale,
PYTHONUTF8 and PYTHONCOERCECLOCALE environment variables.
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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(&config);
if (PyStatus_Exception (status)) {

goto fail;

}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

fail:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

I

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.9 BBZEE

PyConfig contains multiple fields for the path configuration:
o BRAZBCE R

— PyConfig.home
— PyConfig.platlibdir
— PyConfig.pathconfig warnings
— PyConfig.program _name
— PyConfig.pythonpath_env
— current working directory: to get absolute paths
— PATH environment variable to get the program full path (from PyConfig.program_name)
— __ PYVENV_LAUNCHER___ environment variable

— (Windows only) Application paths in the registry under ”SoftwarePythonPythonCoreX.YPythonPath” of
HKEY_CURRENT_USER and HKEY_LOCAL_MACHINE (where X.Y is the Python version).
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* Path configuration output fields:

PyConfig.base_exec_prefix

PyConfig.base_executable

PyConfig.base_prefix

PyConfig.exec_prefix

PyConfig.executable

PyConfig.module_search_paths_set, PyConfig.module_search_paths

PyConfig.prefix

If at least one “output field” is not set, Python -calculates the path configuration to fill unset fields.
If module_search paths_set is equal to 0, module_search paths is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explicitly all path
configuration output fields listed above. A string is considered as set even if it is non-empty. module_search_paths
is considered as setif module_search_paths_set issetto 1. In this case, path configuration input fields are ignored
as well.

Set pathconfig_warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).

If base prefix or base_exec_prefix fields are not set, they inherit their value from prefix and
exec_prefixrespectively.

Py_RunMain () and Py_Main () modify sys.path:

e If run_filenameis setand is a directory which contains a __main___.py script, prepend run_filename
to sys.path.

e If isolatedis zero:

— If run_module is set, prepend the current directory to sys.path. Do nothing if the current directory
cannot be read.

— If run_filename is set, prepend the directory of the filename to sys.path.
— Otherwise, prepend an empty string to sy s .path.

If site_import is non-zero, sys.path can be modified by the site module. If user_site_directory
is non-zero and the user’s site-package directory exists, the site module appends the user’s site-package directory to
sys.path.

The following configuration files are used by the path configuration:
e pyvenv.cfg
e python._pth (¥ Windows)
e pybuilddir.txt ({{ Unix)

The _ PYVENV_LAUNCHER___ environment variable is used to set PyConfig.base_executable
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10.10 Py_RunMain()

int Py_RunMain (void)
Execute the command (PyConfig. run_command), thescript (PyConfig. run_filename)or the module
(PyConfig.run_module) specified on the command line or in the configuration.

By default and when if —1i option is used, run the REPL.
Finally, finalizes Python and returns an exit status that can be passed to the exit () function.

See Python Configuration for an example of customized Python always running in isolated mode using Py RunMain ().

10.11 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***qrgv)
Get the original command line arguments, before Python modified them.

10.12 Multi-Phase Initialization Private Provisional API

This section is a private provisional API introducing multi-phase initialization, the core feature of the PEP 432:
» ”Core” initialization phase, “bare minimum Python”:
— Builtin types;
— Builtin exceptions;
— Builtin and frozen modules;
— The sys module is only partially initialized (ex: sys.path doesn’t exist yet).
¢ ”Main” initialization phase, Python is fully initialized:
— Install and configure importlib;
— Apply the Path Configuration;
— Install signal handlers;
— Finish sys module initialization (ex: create sys.stdout and sys.path);
— Enable optional features like faulthandler and tracemalloc;
— Import the site module;
- FE
FLAIwET API:

e PyConfig._init_main: ifsetto0, Py_TnitializeFromConfig () stops at the ”Core” initialization
phase.

e PyConfig._isolated_interpreter: if non-zero, disallow threads, subprocesses and fork.

PyStatus _Py_InitializeMain (void)
Move to the "Main” initialization phase, finish the Python initialization.

No module is imported during the "Core” phase and the import 1ib module is not configured: the Path Configuration
is only applied during the "Main” phase. It may allow to customize Python in Python to override or tune the Path
Configuration, maybe install a custom sys .meta_path importer or an import hook, etc.
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It may become possible to calculatin the Path Configuration in Python, after the Core phase and before the Main phase,
which is one of the PEP 432 motivation.

The ”Core” phase is not properly defined: what should be and what should not be available at this phase is not specified
yet. The API is marked as private and provisional: the API can be modified or even be removed anytime until a proper
public API is designed.

Example running Python code between "Core” and "Main” initialization phases:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);
config._init_main = 0;

/* ... customize 'config' configuration ... */

status = Py_InitializeFromConfig(&confiqg);

PyConfig_Clear (&configqg);

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "

"file=sys.stderr)");
if (res < 0) {
exit (1);
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);
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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;
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SRRGOR B NULL . NAFSBERIIR L
R BFA A REIR AR R NULL 484, U T PyMem_RawCalloc (1, 1) —#f.
3.5 Bl dise.
void* PyMem_RawRealloc (void *p, size_t n)
B p 181 B PIAFHR NS R n AT . AT NSO R B/ ME R, R AR AE

W p /& NULL , WA T A PyMem_RawMalloc (n) 5 W3R n &0, MNFRA/NEPAEE, H
ALY, R MR NULL $55f.

M dE p & NULL , & W © W2 2wl HpyMem_RawMalloc () . PyMem RawRealloc ()
B PyMem_RawCalloc () iR,

WK R, PyMem_RawRealloc () iRIE NULL , p A38R &8 M e Hl AT KIS A S35 5

void PyMem_RawFree (void *p)
B p M W AE B p O B 2 B flPyMem RawMalloc () . PyMem RawRealloc ()
BiPyMem_RawCalloc () Jrigk [ $54F. H N, BifF PyMem_RawFree (p) Z Bl 21 i W
DR, RE AT R KA.
R p J& NULL, A 2 B E A 29T
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11.3 JHEEDO

PATBRESE, IR ANSIC ArifE, H48E T REZBFITRIATR, W HT A Python 37 FCRIRERL M #E -
INN BB i T pymalloc M 55t 2.

B MR B, WA 2 B A S 4 (GIL)

T 3.6 JCHE i BAERRIARY 7 pymalloc i JE RS malloc () .

void* PyMem_Malloc (size_t n)
SYHEC n ASFATH IR E AN B AR void* JERURER, QRaE SR 2R O3 W] NULL.
WORE A AEIR Bl — AR JE NULL $84F, B T PyMem_Malloc (1) —#f. (H2NFAL
PMEATT 7 et i1k -
void* PyMem_Calloc (size_t nelem, size_t elsize)
SYHC nelem N~ICE, BWNICRM KN elsize FA7, IR MG 3 FL AR void* KAHRE, Wk
SRR [ NULL. AL BRI IE N
R BT BEIR [ — AR E NULL 484, SR H T PyMem_Calloc (1, 1) —#f.
3.5 Bl dise.
void* PyMem_Realloc (void *p, size_t n)
F p FE I NAFHIO AR n 4T . ABTIHNAES O N i i IME I, P AR,

W p & NULL , A4 TJHH PyMem_Malloc (n) 5 W3R n T 0, WK/ NSHHE, HA
SHREL, R AIHE NULL $5%F.

M dE p & NULL , K N B A2 2§l JHPyMem Malloc() . PyMem_Realloc ()
BiPyMem_Calloc () FriR[EIfH .

WA KK, PyMem_Realloc () JRFI NULL , p {h3R 24810 Je il WAF DI A RLdE4t

void PyMem_Free (void *p)
B p 810 0 W A7 e p & B0 2 Z Ei W HPyMem Malloc() . PyMem Realloc ()
i pyMem Calloc () iRl @y $84. &N, HFE PyMem Free(p) ZHIC 4 H S HHE T,
KR TR KA
W p & NULL, I 2P A B E A 23577

PARTH ) 2R 72 R 7 (R 3 ik . 38 TYPE W AFEAEA] C 2841,

TYPE* PyMem_New (TYPE, size_t n)
pyMem_Malloc () #i[F, BB (n * sizeof (TYPE)) FHHNAF. REl— ik TYPE*
IR Er . WA DMEM 7 v ik k.

TYPE* PyMem_Resize (void *p, TYPE, size_t n)
HpyMem_Realloc () MlF, HNAFHK/IEIHEEN (n * sizeof (TYPE)) F47. R[N
A TYPE* RAFEEr . REIEE, p R385 AR Fe 4, an SR )R 0] NULL,

g4 C BB, p SRR WA p IRIA{E, PABEGRAE AL BT BRI 2R AT

void PyMem_Del (void *p)
YpyMem_Free () ]

B, FATIEERME T LA E A T EHF A Python WNAFGMLAs, A L izt C APT ek (Hig i
HEE, MHENFFARERIEES Python HUAR B —BERIFEZIE, PITEY R .

e PyMem_MALLOC (size)
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e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_ RESIZE (ptr, type, size)
¢ PyMem_FREE (ptr)

* PyMem_DEL (ptr)

11.4 MRS ECE

PATBRELEE, I8 ANSIC #nifl, F485E T REFFZHIAT R, WA Python 35y B AR AT
RN Zo B 2% i pymalloc N 5Bt 2%

Bl TEMEX BNy, AR 2 5 e 25 4 (GIL)

void* PyObject_Malloc (size_tn)
AL n AR Bl A FE R BL A void> ZEBIFRER, WA R NR ] NULL,

TR B AT REIR [ — AR IR NULL $85F, BBUEA T PyObject_Malloc (1) —H#f. {HZWFE
AN PMEA 7 X 1R ik
void* PyObject_Calloc (size_t nelem, size_t elsize)

SHIE nelem ATCE , BATEEIKINN elsize T4, HEAR IR AR voids KTfE, MR
SRAMNAR A NULL. R B b

TR FFAT A BER [ — AR A NULL $84, BB IHA T PyObject_Calloc (1, 1) —Ff.
3.5 Bl Tse.
void* PyObject_Realloc (void *p, size_t n)
B p F8 1 B PIAFHR NS R n 235 . DOBTIH NSO R i B/ IME R, R SRR AR
s #p* 2 “NULL®, WIFHY T PyObject_Malloc (n) ; W n 55T 0, WPAFEHRA/NBHE,
EASHRET, &k NULL $54t .
M dE p & NULL , 15 W B W2 2 58 iPyobject_Malloc() . PyObject_Realloc ()
B{PyObject_Calloc () ffriREH .
WK KM, Pyobject Realloc () MR NULL , p A/38R2$8 A 5E il AR A $d84T .

void PyObject_Free (void *p)
B p e ) WAEH. p 02 Z Hi I lPyObject_Malloc() . PyObject_Realloc()
B PyObject_Calloc () FriR Ml Fa4t. MM, BFE PyObject_Free (p) ZHIC &AM M 1E
DR, R AT e KA.
W p & NULL, ABAfH A ER 23T
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11.5 ERARIESBC2E

CNNGE R
BE 2R PyMem_RawMallo¢c PyMem_Malloc | PyOb-
ject_Malloc
AT A "pymalloc" malloc pymalloc pymalloc
WA "pymalloc_debug!' malloc + debug pymalloc + de- | pymalloc + de-
bug bug
% pymalloc 1 %7 | "malloc" malloc malloc malloc
A
%7 pymalloc [ 1Hi | "malloc_debug" | malloc + debug malloc +debug | malloc + debug
gt
LR

o ZFK: R4S B PYTHONMALLOC F{H

e malloc: 3k H CHEEI RS HL, C K malloc (), calloc (), realloc () and free ()

e pymalloc: pymalloc 1 55 %

* "+ debug”: HAH PyMem_SetupDebugHooks () 3R T

11.6 BEXLAFESECE

3.4 B fE.

PyMemAllocatorEx
MTFHE NI LA ai k. w7 E:

15 aX
void *ctx 4’57%/’5’%~’P§§W§AE@H§FL
T3

void* malloc (void *ctx, size_t size)

SrBL— AR

new_size)

void* calloc (void *ctx, size_t nelem, size_t AEE— AR O B PN SR
elsize)
void* realloc (void *ctx, void *ptr, size_t AEE—AS NS B R RN

void free(void *ctx, void *ptr)

RN AR

JE 3.5 fR¥E L The PyMemAllocator structure was renamed to PyMemAllocatorEx and anew calloc

field was added.

PyMemAllocatorDomain
FAR S BEa A A28 2. A
PYMEM DOMAIN_RAW
PRAL
* PyMem RawMalloc ()
* PyMem RawRealloc ()

* PyMem RawCalloc ()

11.5. BARESECRE
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* PyMem RawFree ()

PYMEM DOMAIN_MEM
PRAL

* PyMem Malloc(),

* PyMem Realloc()

* PyMem Calloc ()

* PyMem Free()
PYMEM_DOMAIN_OBJ

* PyObject_Malloc ()

* PyObject_Realloc ()

e PyObject_Calloc()

* PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

AREUH S Sk A7 R I3 P -

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BB W N AR BCRS -
M RBEATHS, B FLA U A0R [l — R IE NULL $54t
XF T PYMEM_DOMATN_RAW I, s}ElERUAURLKRE LN M Bl gV AT, AREA 2 5 A8 541 .

WARHH S ECER A R T (N Z BRI ICE: ) , AT  PyMem_SetupDebugHooks () BRETEH
Jrleas B R T

void PyMem_SetupDebugHooks (void)

BEEAG I Python P77y BLads bR AL HER DRI T

Bror BRI N AF R 575 0xCD (CLEANBYTE ) SE 78, B NAFHIF 1y 0xDD (DEADBYTE ) 7t . NAFHR
W 2% EFY” A (FORBIDDENBYTE : 7 OxFD ).

IEATIN A A
o RrxE APL i, Biltn: X pyMem Malloc () SIS XA Pyobject Free() .
o R KRB ACERINE A (S X T ) .
o R XZ IR EFEME A (G X ) .

o K& 24 H PYMEM_DOMAIN_OBJ (fll: PyObject_Malloc ()) MIPYMEM_DOMAIN_MEM (4:
PyMem_Malloc ()) i) Fids e BN GIL e .

FE SR, PR T tracemalloc B E M NEREBECHIV E . HA2Y tracemalloc IF
TEIBER Python IWAFAMEE, I HINAIRBHBERRS, A 2Bkl .

T2 Python @RI T 4iseny , X L84y 1iinstalled by default . FI57% 5 PYTHONMALLOC A] DA
HRAE KA G FERY Python 223144 1.
TE 3.6 WU Bl XA ok SO TE i 3E T DA & MBS g 1 19 Python. 7E 3 BB, W LE 1 BLAE

ffi[fl tracemalloc X [ml ] PN A7 B 40 e A2 B . VH 4 7 e A & 24 PyMEM DOMATN _OBJ
A pyYMEM_DOMAIN_MEM S REHER I, 2 RBREs e SRR g .

JE 3.8 iR P FH A 0xCB (CLEANBYTE), OxDB (DEADBYTE) fl OxFB (FORBIDDENBYTE) ¥
0xCD ., 0xDD Fl 0xFD #AL LA H 55 Windows CRT JHifk malloc () il free () AH[EMIH.
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11.7 pymalloc 43t 28

Python £ 2k B A % 2B fr W RY /b 42 (N T 4T 512 2745) Ak B9 pymalloc 43 Bt 2% . & 1 [ & K
/IR 256 KiB [ FR A arenas” [ N AFBLST . X5 TR T 512 #5040 L, B B 2 PyMem RawMalloc ()

MPyMem_RawRealloc () .

pymalloc  ;EPYMEM_DOMAIN_MEM _(fl 41 PyMem_Malloc()) MPYMEM_DOMAIN_OBJ (fil 1m:
PyObject_Malloc ()) BB INSELE o

arena 43 FL 8 F AR pR 2K
e Windows [ VirtualAlloc () flVirtualFree() ,

e mmap () fl munmap () , WHEATH,
o BN, malloc () Hl free() .

11.7.1 B%E X pymalloc Arena 5 fgz&
3.4 FIEE.

PyObjectArenaAllocator
FAeAA A arena 7} FEEFAYGEAIAR . X ANEIRH =7 B

1 ax

void *ctx YENSE— SRR B3
void* alloc(void *ctx, size_t size) Ay Be—3k size T Y XL

void free(void *ctx, void *ptr, size_t size) | BE—eXik

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
FRHR arena 73 icds

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
U H arena 7y HCdy

11.8 tracemalloc C API

3.7 B HE.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

TE tracemalloc B iR ER—ANE B IAFER
BRI 0, HASEHR ] -1 OCES BN RAFIR S E) . WA T tracemalloc MR (A -2
WAL N O R B, W A BRI S

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

T£ tracemalloc R FFEIHIRES— AN A BCH NAFEE . QSR N AFE R B IR MR A AT A A
N4 tracemalloc HEAE AR [E] -2, 75 0ER[E] O,
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11.9 =fl

PATR IR F it ANTTHR G, 2 E S PAGE VO G X ad aid i 55— e AR M Python b 7L iY:

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/O */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

5 P T ) 28 o AR 4 A ] AR

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

TETERAECA_ LA B, G X g i i U s A R S s R R . S5t b

Xt E R AT

WA AR I N AE APL R, DATEREASR 5 A i) 0 i 1) KOS 2 fefik . AR AU P8l B S Ak a3, e

— AR fatal IO EIRE T PIRITEAR [ e EBAEROA R 7l 4s o

char *bufl = PyMem_New (char, BUFSIZ);

char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem_Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —- should be PyMem_Free() */
free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal -- should be PyMem_Del () */

BT B AEAL B R H Python Mk 5L 4R 4 A7 B 1) &6 $ 2 5, Python i i) X 52 2 Jd
PyObject_NewVar () fMlPyObject_Del () F4 B ARERH -

X EERFAEAT KANAAE C v SCRISE BB R AR —F h b

PyObject New (),
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121 fEHPHEMR

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. i/} FLHIXR op WAL ERIZEBUANG] AT IR MBI AL S AR 5. A
R type FRUIX AR R S HOGIABIRAGI , B 23X AR GBI AL AG I R R R . XL
HoAt 7 BN 20

PyVarObject* PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. ‘&I EEMPyObject_Init () —FE, I HRTIEAS B R /NN R
K.

TYPE* PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. i [l C 25442551 TYPE 1 Python 25X} % rype 43 Bi—1~31 11 Python X4 .
KA Python XF 43k fg L F BRI XSRS RTHECR A —. WAEAELR/INE type X4
Mtp_basicsize FERME

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. i J}] C RS54 25FL TYPE 11 Python 2B 42 type 4B —4~3F1 1) Python
X5 o Python X5 3 SC A & LI F BN BRI IR . B BLI ARSI T B T TYPE 54410 type
Mg tp_itemsize FEARLN size FEAME . XX T L AR AL PR FE S E B OOK
?E@Xﬁf‘?%%ﬁiﬂﬂ (o REF BB He A B AH R 04 A2 B b i] DA AR B 8, X8 T
T ECRIRCR

void PyObject_Del (void *op)
Rl Pyobject _New () B PyObject NewVar () SrBCNAFIIN G, X I H HIXT AR type FBUE
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iy tp_dealloc ALPRRRBORIEM o XA e ELLAS op XA 7 BERRAN T AR, PR 73
4 A7 25 8] AN o — A R Python X 42

PyObject _Py_NoneStruct
4 None —#£#Y Python Xf 4R . X AXGALAT AR Py_None ZLUiIH], XA ISR A& MRS TRE

S W
PyModule_Create () 4rBLIAFFIEIEY EEH.

12.2 Common Object Structures

There are a large number of structures which are used in the definition of object types for Python. This section describes
these structures and how they are used.

12.2.1 Base object types and macros

All Python objects ultimately share a small number of fields at the beginning of the object’s representation in memory.
These are represented by the PyObject and PyVarObject types, which are defined, in turn, by the expansions of
some macros also used, whether directly or indirectly, in the definition of all other Python objects.

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 PyObject, but every pointer
to a Python object can be cast to a PyObject *. Access to the members must be done by using the macros
Py _REFCNT and Py_ TYPE.

PyVarObject
This is an extension of PyObject that adds the ob_size field. This is only used for objects that have some
notion of length. This type does not often appear in the Python/C API. Access to the members must be done by
using the macros Py REFCNT, Py_TYPE,and Py_SIZE.

PyObject_HEAD
This is a macro used when declaring new types which represent objects without a varying length. The PyOb-
ject_HEAD macro expands to:

PyObject ob_base;

See documentation of PyOb ject above.

PyObject_VAR_HEAD
This is a macro used when declaring new types which represent objects with a length that varies from instance to
instance. The PyObject_ VAR_HEAD macro expands to:

PyVarObject ob_base;

See documentation of 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)) ->ob_type)

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
Return non-zero if the object o type is fype. Return zero otherwise. Equivalent to: Py_ TYPE (o) == type.
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3.9 BRI HE.

void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
Set the object o type to type.
3.9 Fii T EE.

Py_REFCNT (0)
This macro is used to access the ob_refcnt member of a Python object. It expands to:

(((PyObject*) (o)) ->ob_refcnt)

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
Set the object o reference counter to refcnt.

3.9 B TigE.

Py_SIZE (0)
This macro is used to access the ob_size member of a Python object. It expands to:

(((PyVarObject™*) (0))-—>ob_size)

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
Set the object o size to size.

3.9 B

PyObject_HEAD_INIT (type)
This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)
This is a macro which expands to initialization values for a new PyVaroObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

12.2.2 Implementing functions and methods

PyCFunction
Type of the functions used to implement most Python callables in C. Functions of this type take two PyOb ject *
parameters and return one such value. If the return value is NULL, an exception shall have been set. If not NULL,
the return value is interpreted as the return value of the function as exposed in Python. The function must return a
new reference.

The function signature is:

PyObject *PyCFunction (PyObject *self,
PyObject *args);

PyCFunctionWithKeywords
Type of the functions used to implement Python callables in C with signature METH_VARARGS |
METH_KEYWORDS. The function signature is:
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PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

_PyCFunctionFast

Type of the functions used to implement Python callables in C with signature METH FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

_PyCFunctionFastWithKeywords

Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames);

PyCMethod

Type of the functions used to implement Python callables in C with signature METH_METHOD |
METH_FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

3.9 B RE.

PyMethodDef

Structure used to describe a method of an extension type. This structure has four fields:

13 C xR BX

ml_name const char * name of the method

ml_meth PyCFunction | pointer to the C implementation

ml_flags | int flag bits indicating how the call should be constructed
ml_doc const char * | points to the contents of the docstring

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject *.
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 PyObject #, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

There are these calling conventions:

METH_VARARGS

This is the typical calling convention, where the methods have the type Py CFunct i on. The function expects two
PyObject * values. The first one is the self object for methods; for module functions, it is the module object.
The second parameter (often called args) is a tuple object representing all arguments. This parameter is typically
processed using PyArg_ParseTuple () or PyArg _UnpackTuple ().

190

Chapter 12. Jt& I




The Python/C API, %% 3.9.5

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects three parame-
ters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or possibly NULL if there are no
keyword arguments. The parameters are typically processed using PyArg ParseTupleAndKeywords ().

METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type _PyCFunctionFast.
The first parameter is self, the second parameter is a C array of PyOb ject * values indicating the arguments and
the third parameter is the number of arguments (the length of the array).

This is not part of the limited API.
3.7 B fE.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyOb ject * parameter which is a tuple representing the names of the
keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no keywords. The values
of the keyword arguments are stored in the args array, after the positional arguments.

This is not part of the limited API.
3.7 B fE.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that con-
tains the method in question. The defining class might be a superclass of Py_TYPE (self).

The method needs to be of type PyCMethod, the same as for METH_FASTCALL | METH_KEYWORDS with
defining_class argument added after self.

3.9 B RE.

METH_NOARGS
Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg ParseTuple () with a "O" argument. They have the type PyCFunction, with the self parame-
ter, and a PyOb ject * parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is used
to create class methods, similar to what is created when using the classmethod () built-in function.

METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to create
static methods, similar to what is created when using the staticmethod () built-in function.

One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip re-
peated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains slot,
for example, would generate a wrapped method named ___contains__ () and preclude the loading of a corre-
sponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in place of the
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wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are optimized more
than wrapper object calls.

12.2.3 Accessing attributes of extension types

PyMemberDef

Structure which describes an attribute of a type which corresponds to a C struct member. Its fields are:

2} C A BX

name const char * | name of the member

type int the type of the member in the C struct

offset | Py_ssize_t | the offset in bytes that the member is located on the type’s object struct
flags int flag bits indicating if the field should be read-only or writable

doc const char * | points to the contents of the docstring

type can be one of many T_ macros corresponding to various C types. When the member is accessed in Python,

it will be converted to the equivalent Python type.

Macro name C #RsR
T_SHORT short

T_INT int

T_LONG KA
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBIJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR char

T BYTE char
T_UBYTE unsigned char
T_UINT oA B
T_USHORT unsigned short
T_ULONG T KR
T_BOOL char
T_LONGLONG long long
T_ULONGLONG | o455 long long
T _PYSSIZET Py_ssize_t

T_OBJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and
T_OBJECT_EX raises an AttributeError. Try to use T_OBJECT_EX over T_OBJECT because
T_OBJECT_EX handles use of the del statement on that attribute more correctly than T_OBJECT.

flags can be 0 for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX members
can be deleted. (They are set to NULL).

Heap allocated types (created using Py Type_FromSpec () or similar), PyMemberDe f may contain definitions
for the special members __dictoffset_ , _ weaklistoffset_ and _ vectorcalloffset_ ,
corresponding to tp_dictoffset, tp_weaklistoffset and tp_vectorcall_offset in type ob-
jects. These must be defined with T_PYSSIZET and READONLY, for example:
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static PyMemberDef spam_type_members[] = {
{"__dictoffset__ ", T_PYSSIZET, offsetof (Spam_object, dict), READONLY},
{NULL} /* Sentinel */

bi

PyGetSetDef
Structure to define property-like access for a type. See also description of the Py TypeObject.tp _getset
slot.
2 C & BX
name const char * | attribute name
get getter C Function to get the attribute
set setter optional C function to set or delete the attribute, if omitted the attribute is readonly
doc const char * | optional docstring
closure | void * optional function pointer, providing additional data for getter and setter

The get function takes one PyObject * parameter (the instance) and a function pointer (the associated
closure):

typedef PyObject * (*getter) (PyObject *, woid *);

It should return a new reference on success or NULL with a set exception on failure.

set functions take two 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 O on success or —1 with a set
exception on failure.

12.3 Type &R

Perhaps one of the most important structures of the Python object system is the structure that defines a new type: the
PyTypeObject structure. Type objects can be handled using any of the PyObject_* () or PyType_* () functions,
but do not offer much that’s interesting to most Python applications. These objects are fundamental to how objects behave,
so they are very important to the interpreter itself and to any extension module that implements new types.

Type objects are fairly large compared to most of the standard types. The reason for the size is that each type object stores
a large number of values, mostly C function pointers, each of which implements a small part of the type’s functionality.
The fields of the type object are examined in detail in this section. The fields will be described in the order in which they
occur in the structure.

In addition to the following quick reference, the 17 7 section provides at-a-glance insight into the meaning and use of
PyTypeObject.
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12.3.1 RiESE

”tp E”

PyTypeObject #&' Type Lo YAkl L3 =
=S
QT DI
<R> tp_name const char * __name__ X X
tp_basicsize Py_ssize_t X X X
tp_itemsize Py_ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py_ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __getattr__ G
(tp_setattr) setattrfunc __setattr__, __ delattr___ G
tp_as_async PyAsyncMethods * sub-slots %
tp_repr reprfunc _repr__ X X X
tp_as_number PyNumberMethods * sub-slots %
tp_as_sequence PySequenceMethods * sub-slots %
tp_as_mapping PyMappingMethods * sub-slots %
tp_hash hashfunc __hash__ X €
tp_call ternaryfunc _call__ X X
tp_str reprfunc _ str X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __setattr__, _ delattr X X G
tp_as_buffer PyBufferProcs * %
tp_rflags P e e XX |?
tp_doc const char * __doc X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc It ,_le_,_eq_,_ne ,| X G
g ,_ge
tp_weaklistoffset Py_ssize_t X ?
tp_iter getiterfunc iter X
tp_iternext iternextfunc next X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * _ base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrset func _set_,_delete__ X
tp_dictoffset Py_ssize_t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc __new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases__ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
TTIdkLE
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F1-LW
PyTypeObject #&' A5/ B =
IS
gngl
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor ‘
[tp_version_tag] P nen il
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc
sub-slots
] Type L CRAVIRES
am_await unaryfunc __await__
am_aiter unaryfunc __aiter__
am_anext unaryfunc __anext__
nb_add binaryfunc _add____radd__
nb_inplace_add binaryfunc __jadd__
nb_subtract binaryfunc _sub____rsub__
nb_inplace_subtract binaryfunc __sub___
nb_multiply binaryfunc _mul__ _ rmul__
nb_inplace_multiply binaryfunc _ mul__
nb_remainder binaryfunc __mod__ _ rmod__
nb_inplace_remainder binaryfunc __mod__
nb_divmod binaryfunc __divmod__

_ rdivmod___
nb_power ternaryfunc __pOW__ __ Irpow__
nb_inplace_power ternaryfunc __pow__
nb_negative unaryfunc __neg__
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__

! A slot name in parentheses indicates it is (effectively) deprecated. Names in angle brackets should be treated as read-only. Names in square
brackets are for internal use only. "<R>" (as a prefix) means the field is required (must be non-NULL).

25

”(”: set on PyBaseObject_Type

»T”: seton PyType_ Type
D’ default (if slot is set to NULL)

X - PyType_Ready sets this wvalue if it is NULL

~ — PyType_Ready always sets this value

(it should be NULL)

? — PyType_Ready may set this value depending on other slots

Also see the inheritance column

”I”: inheritance

b

o°

QR

Note that some slots are effectively inherited through the normal attribute lookup chain.

- type slot is inherited via *PyType_Ready* if defined with a *NULL* value
— the slots of the sub-struct are inherited individually
— inherited, but only in combination with other slots;
— it's complicated; see the slot's description

see the slot's description
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F2-8LEW
il Type HHAE
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_lshift binaryfunc __Ishift__ rlshift
nb_inplace_1lshift binaryfunc __Ishift
nb_rshift binaryfunc __rshift  rrshift
nb_inplace_rshift binaryfunc __rshift
nb_and binaryfunc _and____rand__
nb_inplace_and binaryfunc _and__
nb_xor binaryfunc __XOr__ _ rxor__
nb_inplace_xor binaryfunc __XOr__
nb_or binaryfunc __Oor__ __ror__
nb_inplace_or binaryfunc _or__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor_divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc _ floordiv__
nb_true _divide binaryfunc __truediv__
nb_inplace_true_divide binaryfunc __truediv__
nb_index unaryfunc __index__
nb_matrix_multiply binaryfunc __matmul__

_ rmatmul__
nb_inplace_matrix_multiply binaryfunc __matmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,

__delitem__
sq_length lenfunc _len__
sg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sq_item ssizeargfunc __getitem__
sqg_ass_item ssizeobjargproc __setitem___

__delitem___
sqg_contains objobjproc __contains__
sq_inplace_concat binaryfunc _dadd__
sq_inplace_ repeat ssizeargfunc __imul__
bf_getbuffer getbufferproc()
bf releasebuffer releasebufferproc()
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slot typedefs

typedef SRR iR [E A
allocfunc PyObject *
PyTypeObject *
Py_ssize_t
destructor void * void
freefunc void * void
traverseproc A
void *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc o
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc oA
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc A
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
Chapter 12. 3Rt
descrsetfunc Al
PyObject *
PyObject *
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2 [iSlot Type typedefs HATHZ HEANE .-

12.3.2 PyTypeObject Definition

The structure definition for Py TypeObject can be found in Include/object .h. For convenience of reference,

this repeats the definition found there:

typedef struct _typeobject {
PyObject_VAR_HEAD

const char *tp_name; /* For printing, in format "<module>.<name>" */

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */
/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_ offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility)
hashfunc tp_hash;

ternaryfunc tp_call;

reprfunc tp_str;

getattrofunc tp_getattro;

setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */

(Python 2)

*/
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getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;

} PyTypeObject;

12.3.3 PyObiject Slots

The type object structure extends the PyVarObject structure. The ob_size field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that PyType_Type (the metatype) initializes
tp_itemsize, which means that its instances (i.e. type objects) must have the ob_size field.

PyObject* PyObject . _ob_next
PyObject* PyObject . _ob_prev

These fields are only present when the macro Py_ TRACE_REF'S is defined. Their initialization to NULL is taken
care of by the PyObject_HEAD_INIT macro. For statically allocated objects, these fields always remain NULL.
For dynamically allocated objects, these two fields are used to link the object into a doubly-linked list of all live
objects on the heap. This could be used for various debugging purposes; currently the only use is to print the objects
that are still alive at the end of a run when the environment variable PYTHONDUMPREF'S is set.

Inheritance:

These fields are not inherited by subtypes.

Py_ssize_t PyObject .ob_refecnt

This is the type object’s reference count, initialized to 1 by the PyObject_HEAD_INIT macro. Note that for
statically allocated type objects, the type’s instances (objects whose ob_t ype points back to the type) do not count
as references. But for dynamically allocated type objects, the instances do count as references.

Inheritance:

This field is not inherited by subtypes.
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PyTypeObject* 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 sPyType_Type. However, for dynami-
cally loadable extension modules that must be usable on Windows (at least), the compiler complains that this is
not a valid initializer. Therefore, the convention is to pass NULL to the PyObject_HEAD_INIT macro and to
initialize this field explicitly at the start of the module’s initialization function, before doing anything else. This is
typically done like this:

Foo_Type.ob_type = &PyType_Type;

This should be done before any instances of the type are created. PyType_Ready () checks if ob_type is
NULL, and if so, initializes it to the ob_t ype field of the base class. PyType_Ready () will not change this
field if it is non-zero.

Inheritance:

This field is inherited by subtypes.

12.3.4 PyVarObject Slots

Py_ssize_t PyVarObject .ob_size
For statically allocated type objects, this should be initialized to zero. For dynamically allocated type objects, this
field has a special internal meaning.

Inheritance:

This field is not inherited by subtypes.

12.3.5 PyTypeObject Slots

Each slot has a section describing inheritance. If PyType Ready () may set a value when the field is set to NULL
then there will also be a “Default” section. (Note that many fields set on PyBaseObject_Type and PyType_Type
effectively act as defaults.)

const char* PyTypeObject .tp_name
Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module globals,
the string should be the full module name, followed by a dot, followed by the type name; for built-in types, it should
be just the type name. If the module is a submodule of a package, the full package name is part of the full module
name. For example, a type named T defined in module M in subpackage Q in package P should have the t p_name
initializer "P.Q.M.T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored in
the type dict as the value for key '__module__'.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is made
accessible as the __module__ attribute, and everything after the last dot is made accessible as the __name_
attribute.

If no dot is present, the entire tp_name field is made accessible as the __name__ attribute, and the
__module___ attribute is undefined (unless explicitly set in the dictionary, as explained above). This means
your type will be impossible to pickle. Additionally, it will not be listed in module documentations created with
pydoc.

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially
tp_itemsize).

Inheritance:
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This field is not inherited by subtypes.

Py_ssize_t PyTypeObject.tp_basicsize
Py_ssize_t PyTypeObject.tp_itemsize

These fields allow calculating the size in bytes of instances of the type.

There are two kinds of types: types with fixed-length instances have a zero tp_itemsize field, types with
variable-length instances have a non-zero tp_ i tems i ze field. For a type with fixed-length instances, all instances
have the same size, given in tp_basicsize.

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the “length” of the object. The value of N is typically
stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_size field in the
instance layout doesn’t mean that the instance structure is variable-length (for example, the structure for the list
type has fixed-length instances, yet those instances have a meaningful ob_size field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an initializer
for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance layout. The
basic size does not include the GC header size.

A note about alignment: if the variable items require a particular alignment, this should be taken care of by
the value of tp_basicsize. Example: suppose a type implements an array of double. tp_ itemsize
is sizeof (double). It is the programmer’s responsibility that tp_basicsize is a multiple of
sizeof (double) (assuming this is the alignment requirement for double).

For any type with variable-length instances, this field must not be NULL.
Inheritance:

These fields are inherited separately by subtypes. If the base type has a non-zero tp_ i temsi ze, it is generally not
safe to set tp_itemsize to a different non-zero value in a subtype (though this depends on the implementation
of the base type).

destructor PyTypeObject .tp_dealloc

A pointer to the instance destructor function. This function must be defined unless the type guarantees that its
instances will never be deallocated (as is the case for the singletons None and E11ipsis). The function signature
is:

void tp_dealloc (PyObject *self);

The destructor function is called by the Py_ DECREF () and Py_XDECREF () macros when the new reference
count is zero. At this point, the instance is still in existence, but there are no references to it. The destructor
function should free all references which the instance owns, free all memory buffers owned by the instance (us-
ing the freeing function corresponding to the allocation function used to allocate the buffer), and call the type’s
tp_free function. If the type is not subtypable (doesn’t have the Py TPFLAGS BASETYPE flag bit set), it
is permissible to call the object deallocator directly instead of via tp_free. The object deallocator should be
the one used to allocate the instance; this is normally PyObject_Del () if the instance was allocated using
PyObject_New () or PyObject_VarNew (), or PyObject_GC_Del () if the instance was allocated us-
ing PyObject_GC_New () or PyObject_GC_NewVar ().

Finally, if the type is heap allocated (Py_ TPFLAGS_HEAP TYPE), the deallocator should decrement the reference
count for its type object after calling the type deallocator. In order to avoid dangling pointers, the recommended
way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);

(Rt
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// free references and buffers here
tp->tp_free(self);
Py_DECREF (tp);

Inheritance:
This field is inherited by subtypes.

Py_ssize_t PyTypeObject.tp_vectorcall_offset
An optional offset to a per-instance function that implements calling the object using the vectorcall protocol, a more
efficient alternative of the simpler tp_call.

This field is only used if the flag Py TPFLAGS HAVE_VECTORCALLIis set. If so, this must be a positive integer
containing the offset in the instance of a vectorcall func pointer.

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py_TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets Py_ TPFLAGS_HAVE_VECTORCALL must also set t p_cal 1 and make sure its behaviour is
consistent with the vectorcallfunc function. This can be done by setting tp_call to PyVectorcall Call ().

# e Ttis not recommended for seap types to implement the vectorcall protocol. Whenausersets__call_
in Python code, only #p_call is updated, likely making it inconsistent with the vectorcall function.

{:fft:  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 it B Bi: Before version 3.8, this slot was named tp_print. In Python 2.x, it was used for printing to a
file. In Python 3.0 to 3.7, it was unused.

Inheritance:

This field is always inherited. However, the Py_ TPFLAGS_HAVE_VECTORCALL flag is not always inherited. If
it’s not, then the subclass won’t use vectorcall, except when PyVectorcall Call () is explicitly called. This
is in particular the case for heap types (including subclasses defined in Python).

getattrfunc 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.

Inheritance:
Group: tp_getattr, tp_getattro

This field is inherited by subtypes together with tp_getattro: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

setattrfunc 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.

Inheritance:
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Group: tp_setattr, tp_setattro

This field is inherited by subtypes together with tp_setattro: a subtype inherits both tp_setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.

PyAsyncMethods* PyTypeObject .tp_as_async
Pointer to an additional structure that contains fields relevant only to objects which implement awaitable and asyn-
chronous iterator protocols at the C-level. See Async Object Structures for details.

3.5 #HriR TN fE: Formerly known as tp_compare and tp_reserved.
Inheritance:
The tp_as_async field is not inherited, but the contained fields are inherited individually.

reprfunc PyTypeObject .tp_repr
An optional pointer to a function that implements the built-in function repr ().

The signature is the same as for PyOb ject_Repr ():

PyObject *tp_repr (PyObject *self);

The function must return a string or a Unicode object. Ideally, this function should return a string that, when passed
to eval (), given a suitable environment, returns an object with the same value. If this is not feasible, it should
return a string starting with ' <' and ending with ' >' from which both the type and the value of the object can be
deduced.

Inheritance:
This field is inherited by subtypes.
Default:

When this field is not set, a string of the form <%s object at %p> is returned, where %s is replaced by the
type name, and $p by the object’s memory address.

PyNumberMethods* PyTypeObject .tp_as_number
Pointer to an additional structure that contains fields relevant only to objects which implement the number protocol.
These fields are documented in Number Object Structures.

Inheritance:
The tp_as_number field is not inherited, but the contained fields are inherited individually.

PySequenceMethods* PyTypeObject .tp_as_sequence
Pointer to an additional structure that contains fields relevant only to objects which implement the sequence protocol.
These fields are documented in Sequence Object Structures.

Inheritance:
The tp_as_sequence field is not inherited, but the contained fields are inherited individually.

PyMappingMethods* PyTypeObject .tp_as_mapping
Pointer to an additional structure that contains fields relevant only to objects which implement the mapping protocol.
These fields are documented in Mapping Object Structures.

Inheritance:
The tp_as_mapping field is not inherited, but the contained fields are inherited individually.

hashfunc 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 ():
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Py_hash_t tp_hash (PyObject *);

The value -1 should not be returned as a normal return value; when an error occurs during the computation of the
hash value, the function should set an exception and return —1.

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyObject_HashNot Implemented ().

This field can be set explicitly to PyObject_HashNotImplemented () to block inheritance of the hash
method from a parent type. This is interpreted as the equivalent of __hash__ = None at the Python level,
causing isinstance (o, collections.Hashable) to correctly return False. Note that the converse
is also true - setting __hash___ = None on a class at the Python level will result in the t p_hash slot being set
to PyObject_HashNotImplemented().

Inheritance:
Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with tp_ richcompare: a subtype inherits both of
tp_richcompare and tp_hash, when the subtype’s tp_richcompare and tp_hash are both NULL.

ternaryfunc PyTypeObject .tp_call
An optional pointer to a function that implements calling the object. This should be NULL if the object is not
callable. The signature is the same as for PyObject_Call ():

PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs);

Inheritance:
This field is inherited by subtypes.

reprfunc PyTypeObject .tp_str
An optional pointer to a function that implements the built-in operation str (). (Note that str is a type now,
and str () calls the constructor for that type. This constructor calls PyObject_Str () to do the actual work,
and PyObject_Str () will call this handler.)

The signature is the same as for PyObject_Str ():

PyObject *tp_str (PyObject *self);

The function must return a string or a Unicode object. It should be a “friendly” string representation of the object,
as this is the representation that will be used, among other things, by the print () function.

Inheritance:

This field is inherited by subtypes.

Default:

When this field is not set, PyOb ject_Repr () is called to return a string representation.

getattrofunc PyTypeObject . tp_getattro
An optional pointer to the get-attribute function.

The signature is the same as for PyObject_GetAttr():

PyObject *tp_getattro(PyObject *self, PyObject *attr);

It is usually convenient to set this field to PyObject_GenericGetAttr (), which implements the normal way
of looking for object attributes.

Inheritance:
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Group: tp_getattr, tp_getattro

This field is inherited by subtypes together with tp_getattr: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

Default:

PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc PyTypeObject . tp_setattro

An optional pointer to the function for setting and deleting attributes.

The signature is the same as for PyObject_SetAttr ():

int tp_setattro (PyObject *self, PyObject *attr, PyObject *value);

In addition, setting value to NULL to delete an attribute must be supported. It is usually convenient to set this field
to PyObject_GenericSetAttr (), which implements the normal way of setting object attributes.

Inheritance:
Group: tp_setattr, tp_setattro

This field is inherited by subtypes together with tp_setattr: a subtype inherits both tp_setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.

Default:

PyBaseObject_Type uses PyObject_GenericSetAttr ().

PyBufferProcs* PyTypeObject .tp_as_buffer

Pointer to an additional structure that contains fields relevant only to objects which implement the buffer interface.
These fields are documented in Buffer Object Structures.

Inheritance:

The tp_as_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; others are used
to indicate that certain fields in the type object (or in the extension structures referenced via tp_as_number,
tp_as_sequence, tp_as_mapping, and tp_as_buffer) that were historically not always present are
valid; if such a flag bit is clear, the type fields it guards must not be accessed and must be considered to have a zero
or NULL value instead.

Inheritance:

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py_TPFLAGS_HAVE_GC flag bit is inherited together with the
tp_traverseand tp_clear fields, i.e. if the Py TPFLAGS HAVE_GC flag bit is clear in the subtype and
the tp_traverseand tp_clear fields in the subtype exist and have NULL values.

Default:
PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

The following bit masks are currently defined; these can be ORed together using the | operator to form the value of
the tp_ flags field. The macro PyType_HasFeature () takes a type and a flags value, # and f, and checks
whether tp->tp_flags & f isnon-zero.
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Py_TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using PyType_FromSpec (). In this case, the ob_type field of its instances is considered a reference
to the type, and the type object is INCREF’ed when a new instance is created, and DECREFed when an
instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the instance’s
ob_type gets INCREF’ed or DECREFed).

Inheritance:
27?7
Py_TPFLAGS_BASETYPE

This bit is set when the type can be used as the base type of another type. If this bit is clear, the type cannot
be subtyped (similar to a "final” class in Java).

Inheritance:
77?

Py_TPFLAGS_READY
This bit is set when the type object has been fully initialized by Py Type_Ready ().

Inheritance:
77?

Py_TPFLAGS_READYING
This bit is set while Py Type_Ready () is in the process of initializing the type object.

Inheritance:
77?
Py_TPFLAGS_HAVE_GC
This bit is set when the object supports garbage collection. If this bit is set, instances must be created us-
ing PyObject_GC_New () and destroyed using PyObject_GC_Del (). More information in section

1 3¢ % KA F 3 A3 1 38 = ). This bit also implies that the GC-related fields tp_traverse and
tp_clear are present in the type object.

Inheritance:
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

The Py_ TPFLAGS_HAVE_ GC flag bitis inherited together with the t p_traverse and tp_clear fields,
ie. if the Py TPFLAGS_HAVE_GC flag bitis clear in the subtype and the tp_traverseandtp_clear
fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT
This is a bitmask of all the bits that pertain to the existence of certain fields in the type object and its extension
structures. Currently, it includes the following bits: Py_TPFLAGS_HAVE_STACKLESS_EXTENSION,
Py_TPFLAGS_HAVE_VERSION_TAG.

Inheritance:
277

Py_TPFLAGS_METHOD_ DESCRIPTOR
This bit indicates that objects behave like unbound methods.

If this flag is set for t ype (meth), then:

e meth.__get__ (obj, cls) (*args, **kwds) (with obj not None) must be equivalent to
meth (obj, *args, **kwds).
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e meth.__get__ (None, cls) (*args, **kwds) must be equivalent to meth (*args,
**kwds).

This flag enables an optimization for typical method calls like ob7j .meth () : it avoids creating a temporary
”bound method” object for obj .meth.

3.8 FrhYiE.
Inheritance:

This flag is never inherited by heap types. For extension types, it is inherited whenever tp_descr_get is
inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_ SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS
These flags are used by functions such as PyLong_Check () to quickly determine if a type is a subclass
of a built-in type; such specific checks are faster than a generic check, like PyObject_IsInstance ().
Custom types that inherit from built-ins should have their tp_fIlags set appropriately, or the code that
interacts with such types will behave differently depending on what kind of check is used.

Py_TPFLAGS_HAVE_FINALIZE
This bit is set when the tp_finalize slotis present in the type structure.

3.4 B RE.

3.8 UG EL#8F&: This flag isn’t necessary anymore, as the interpreter assumes the tp_finalize slot is
always present in the type structure.

Py_TPFLAGS_HAVE_VECTORCALL
This bit is set when the class implements the vectorcall protocol. See tp_vectorcall_ offset for
details.

Inheritance:

This bit is inherited for static subtypes if tp_call is also inherited. Heap types do not inherit
Py_TPFLAGS_HAVE_VECTORCALL.

3.9 H I EE.

const char* PyTypeObject .tp_doc
An optional pointer to a NUL-terminated C string giving the docstring for this type object. This is exposed as the
___doc___ attribute on the type and instances of the type.

Inheritance:
This field is not inherited by subtypes.

traverseproc PyTypeObject .tp_traverse
An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:
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int tp_traverse (PyObject *self, visitproc visit, woid *argqg);

More information about Python’s garbage collection scheme can be found in section 1 %} % & 7 & 8335 3%
=D

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
of a tp_traverse function simply calls Py_ VISTIT () on each of the instance’s members that are Python
objects that the instance owns. For example, this is function local_traverse () fromthe _thread extension
module:

static int
local_traverse(localobject *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return 0O;

Note that Py_ VISIT () is called only on those members that can participate in reference cycles. Although there
is also a sel f->key member, it can only be NULL or a Python string and therefore cannot be part of a reference
cycle.

On the other hand, even if you know a member can never be part of a cycle, as a debugging aid you may want to
visit it anyway just so the gc module’s get_referents () function will include it.

% M. When implementing tp_traverse, only the members that the instance owns (by having strong
references to them) must be visited. For instance, if an object supports weak references viathe tp_weaklist
slot, the pointer supporting the linked list (what #p_weaklist points to) must not be visited as the instance does
not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be removed
even if the instance is still alive).

Note that Py VISTIT () requires the visit and arg parameters to local_traverse () to have these specific
names; don’t name them just anything.

Heap-allocated types (Py_ TPFLAGS_HEAPTYPE, such as those created with Py Type_FromSpec () and sim-
ilar APIs) hold a reference to their type. Their traversal function must therefore either visit Py TYPE (self),
or delegate this responsibility by calling tp_traverse of another heap-allocated type (such as a heap-allocated
superclass). If they do not, the type object may not be garbage-collected.

TE 3.9 Ji 55 2 Heap-allocated types are expected to visit Py_TYPE (self) in tp_traverse. In earlier
versions of Python, due to bug 40217, doing this may lead to crashes in subclasses.

Inheritance:
Group: Py_ TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py_TPFLAGS_HAVE_GC flag bit: the flag
bit, tp_traverse,and tp_clear are all inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear
An optional pointer to a clear function for the garbage collector. This is only used if the Py TPFLAGS_HAVE_GC
flag bit is set. The signature is:

int tp_clear (PyObject *);
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The tp_clear member function is used to break reference cycles in cyclic garbage detected by the garbage
collector. Taken together, all tp_ c1ear functions in the system must combine to break all reference cycles. This
is subtle, and if in any doubt supply a tp_clear function. For example, the tuple type does not implement a
tp_clear function, because it’s possible to prove that no reference cycle can be composed entirely of tuples.
Therefore the tp_clear functions of other types must be sufficient to break any cycle containing a tuple. This
isn’t immediately obvious, and there’s rarely a good reason to avoid implementing tp_clear.

Implementations of tp_ clear should drop the instance’s references to those of its members that may be Python
objects, and set its pointers to those members to NULL, as in the following example:

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR (self->args);
Py_CLEAR (self->kw);
Py_CLEAR (self->dict);
return O;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be decremented until after the pointer to the contained object is set to NULL. This is because
decrementing the reference count may cause the contained object to become trash, triggering a chain of reclamation
activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks, associated with the
contained object). If it’s possible for such code to reference self again, it’s important that the pointer to the contained
object be NULL at that time, so that self knows the contained object can no longer be used. The Py_CLEAR ()
macro performs the operations in a safe order.

Because the goal of tp_clear functions is to break reference cycles, it’s not necessary to clear contained ob-
jects like Python strings or Python integers, which can’t participate in reference cycles. On the other hand, it
may be convenient to clear all contained Python objects, and write the type’s tp_dealloc function to invoke
tp_clear.

More information about Python’s garbage collection scheme can be found in section f# %} % & 7 & g3 353K
E=DL.

Inheritance:
Group: Py_ TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_traverse and the Py TPFLAGS HAVE_GC flag bit: the
flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.

richcmpfunc 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 ():
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B XFER
Py_LT | <
Py_LE | <=
Py_EQ | ==
Py_NE | !=
Py_GT | >
Py_GE | >=

FE PN RN T ik gn 5 3 & 1 LR R
Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
Return Py_True or Py_False from the function, depending on the result of a comparison. VAL_A and

VAL_B must be orderable by C comparison operators (for example, they may be C ints or floats). The third
argument specifies the requested operation, as for PyOb ject_RichCompare ().

The return value’s reference count is properly incremented.
On error, sets an exception and returns NULL from the function.
3.7 FrihhE.

Inheritance:

Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with t p_hash: a subtype inherits t p_ richcompareand tp_hash
when the subtype’s tp_richcompare and tp_hash are both NULL.

Default:

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. However, if
only tp_hash is defined, not even the inherited function is used and instances of the type will not be able to
participate in any comparisons.

Py_ssize_t PyTypeObject.tp_weaklistoffset
If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used by
PyObject_ClearWeakRefs () andthe PyWeakref_* () functions. The instance structure needs to include
a field of type PyOb ject * which is initialized to NULL.

Do not confuse this field with tp_weak 11 st; that is the list head for weak references to the type object itself.
Inheritance:

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype uses a different weak reference list head than the base type. Since the list head is always found via
tp_weaklistoffset, this should not be a problem.

When a type defined by a class statement has no __slots___ declaration, and none of its base types are weakly
referenceable, the type is made weakly referenceable by adding a weak reference list head slot to the instance layout
and setting the tp_weaklistoffset of that slot’s offset.

When a type’s ___slots__ declaration contains a slot named __weakref__, that slot becomes the weak ref-
erence list head for instances of the type, and the slot’s offset is stored in the type’s tp_weaklistoffset.

When a type’s ___slots__ declaration does not contain a slot named ___weakref__, the type inherits its

tp_weaklistoffset from its base type.

getiterfunc 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).
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This function has the same signature as PyObject_GetIter ():

PyObject *tp_iter (PyObject *self);

Inheritance:
This field is inherited by subtypes.

iternextfunc PyTypeObject .tp_iternext
An optional pointer to a function that returns the next item in an iterator. The signature is:

PyObject *tp_iternext (PyObject *self);

When the iterator is exhausted, it must return NULL; a StopIteration exception may or may not be set. When
another error occurs, it must return NULL too. Its presence signals that the instances of this type are iterators.

Iterator types should also define the tp_ i t er function, and that function should return the iterator instance itself
(not a new iterator instance).

This function has the same signature as Py Iter_ Next ().
Inheritance:
This field is inherited by subtypes.

struct PyMethodDef* PyTypeObject . tp_methods
An optional pointer to a static NULL-terminated array of PyMethodDef structures, declaring regular methods
of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a method
descriptor.

Inheritance:
This field is not inherited by subtypes (methods are inherited through a different mechanism).

struct PyMemberDef* PyTypeObject . tp_members
An optional pointer to a static NULL-terminated array of PyMemberDe £ structures, declaring regular data mem-
bers (fields or slots) of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a member
descriptor.

Inheritance:
This field is not inherited by subtypes (members are inherited through a different mechanism).

struct PyGetSetDef* PyTypeObject .tp_getset
An optional pointer to a static NULL-terminated array of PyGet SetDe f structures, declaring computed attributes
of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a getset
descriptor.

Inheritance:
This field is not inherited by subtypes (computed attributes are inherited through a different mechanism).

PyTypeObject* PyTypeObject .tp_base
An optional pointer to a base type from which type properties are inherited. At this level, only single inheritance
is supported; multiple inheritance require dynamically creating a type object by calling the metatype.
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{Efi#:  Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to be “address
constants”. Function designators like Py Type_GenericNew (), with implicit conversion to a pointer, are valid
C99 address constants.

However, the unary &’ operator applied to a non-static variable like PyBaseObject_Type () is not required to
produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers are strictly
standard conforming in this particular behavior.

Consequently, t p_base should be set in the extension module’s init function.

Inheritance:

This field is not inherited by subtypes (obviously).

Default:

This field defaults to §PyBaseObject_Type (which to Python programmers is known as the type object).

PyObject* PyTypeObject .tp_dict
The type’s dictionary is stored here by Py Type Ready ().

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations (like
_add__()).

Inheritance:

This field is not inherited by subtypes (though the attributes defined in here are inherited through a different mech-
anism).

Default:

If this field is NULL, Py Type_Ready () will assign a new dictionary to it.

e It is not safe to use PyDict_SetItem () on or otherwise modify tp_dict with the dictionary
C-APIL

descrgetfunc PyTypeObject .tp_descr_get
An optional pointer to a "descriptor get” function.

The function signature is:

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

Inheritance:
This field is inherited by subtypes.

descrsetfunc PyTypeObject . tp_descr_set
An optional pointer to a function for setting and deleting a descriptor’s value.

The function signature is:

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

The value argument is set to NULL to delete the value.

Inheritance:
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This field is inherited by subtypes.

Py_ssize_t PyTypeObject.tp_dictoffset

If the instances of this type have a dictionary containing instance variables, this field is non-zero and con-
tains the offset in the instances of the type of the instance variable dictionary; this offset is used by
PyObject_GenericGetAttr ().

Do not confuse this field with tp_di ct; that is the dictionary for attributes of the type object itself.

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If the value
is less than zero, it specifies the offset from the end of the instance structure. A negative offset is more expensive to
use, and should only be used when the instance structure contains a variable-length part. This is used for example
to add an instance variable dictionary to subtypes of str or tuple. Note that the tp_basicsize field should
account for the dictionary added to the end in that case, even though the dictionary is not included in the basic
object layout. On a system with a pointer size of 4 bytes, tp_dictoffset should be set to —4 to indicate that
the dictionary is at the very end of the structure.

The real dictionary offset in an instance can be computed from a negative tp_dictoffset as follows:

dictoffset = tp_basicsize + abs(ob_size)*tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

where tp_basicsize, tp_itemsizeand tp_dictoffset aretaken from the type object, and ob_size
is taken from the instance. The absolute value is taken because ints use the sign of ob_size to store
the sign of the number. (There’s never a need to do this calculation yourself; it is done for you by
_PyObject_GetDictPtr().)

Inheritance:

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means that
the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is always
found via tp_dictoffset, this should not be a problem.

When a type defined by a class statementhasno ___slots___ declaration, and none of its base types has an instance
variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set to that slot’s
offset.

When a type defined by a class statement has a ___slots___ declaration, the type inherits its tp_dictoffset
from its base type.

(Adding aslotnamed __dict__tothe ___slots__ declaration does not have the expected effect, it just causes
confusion. Maybe this should be added as a feature just like __weakref__ though.)

Default:

This slot has no default. For static types, if the field is NULL then no __dict___ gets created for instances.

initproc PyTypeObject .tp_init

An optional pointer to an instance initialization function.

This function corresponds tothe __init__ () method of classes. Like __init__ (), itis possible to create an
instance without calling __init__ (), and it is possible to reinitialize an instance by calling its __init__ ()
method again.

The function signature is:

int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of the callto __init__ ().
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The tp_init function, if not NULL, is called when an instance is created normally by calling its type, after the
type’s tp_new function has returned an instance of the type. If the £ p_new function returns an instance of some
other type that is not a subtype of the original type, no tp_ init function is called; if tpp_new returns an instance
of a subtype of the original type, the subtype’s tp_init is called.

Returns 0 on success, —1 and sets an exception on error.
Inheritance:

This field is inherited by subtypes.

Default:

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc
An optional pointer to an instance allocation function.

The function signature is:

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

Inheritance:
This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement).
Default:

For dynamic subtypes, this field is always set to Py Type_GenericAlloc (), toforce a standard heap allocation
strategy.

For static subtypes, PyBaseObject_Type uses PyType_ GenericAlloc (). That is the recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new
An optional pointer to an instance creation function.

The function signature is:

PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

The subtype argument is the type of the object being created; the args and kwds arguments represent positional
and keyword arguments of the call to the type. Note that subtype doesn’t have to equal the type whose tp_new
function is called; it may be a subtype of that type (but not an unrelated type).

The tp_new function should call subtype—->tp_alloc (subtype, nitems) to allocate space for the
object, and then do only as much further initialization as is absolutely necessary. Initialization that can safely be
ignored or repeated should be placed in the tp_ init handler. A good rule of thumb is that for immutable types,
all initialization should take place in tp_new, while for mutable types, most initialization should be deferred to
tp_init.

Inheritance:

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

Default:

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.

freefunc PyTypeObject .tp_free
An optional pointer to an instance deallocation function. Its signature is:
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void tp_free(void *self);

An initializer that is compatible with this signature is PyObject_Free ().

Inheritance:

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement)
Default:

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_ GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del.

inquiry PyTypeObject .tp_is_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 t p_ f1ags field, and check the Py TPFLAGS_HAVE_ GC flag bit. But some types have
a mixture of statically and dynamically allocated instances, and the statically allocated instances are not collectible.
Such types should define this function; it should return 1 for a collectible instance, and O for a non-collectible
instance. The signature is:

int tp_is_gc(PyObject *self);

(The only example of this are types themselves. The metatype, Py Type_ Type, defines this function to distinguish
between statically and dynamically allocated types.)

Inheritance:

This field is inherited by subtypes.

Default:

This slot has no default. If this field is NULL, Py_ TPFLAGS_HAVE_GC is used as the functional equivalent.

PyObject* PyTypeObject .tp_bases
Tuple of base types.

This is set for types created by a class statement. It should be NULL for statically defined types.
Inheritance:
This field is not inherited.

PyObject* PyTypeObject .tp_mro
Tuple containing the expanded set of base types, starting with the type itself and ending with object, in Method
Resolution Order.

Inheritance:
This field is not inherited; it is calculated fresh by Py Type_Ready ().

PyObject* PyTypeObject . tp_cache
Unused. Internal use only.

Inheritance:
This field is not inherited.

PyObject* PyTypeObject .tp_subclasses
List of weak references to subclasses. Internal use only.

Inheritance:
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This field is not inherited.

PyObject* PyTypeObject .tp_weaklist
Weak reference list head, for weak references to this type object. Not inherited. Internal use only.

Inheritance:
This field is not inherited.

destructor PyTypeObject . 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.

Inheritance:
This field is not inherited.

destructor PyTypeObject .tp_finalize
An optional pointer to an instance finalization function. Its signature is:

void tp_finalize (PyObject *self);

If tp_finalizeisset, the interpreter calls it once when finalizing an instance. It is called either from the garbage
collector (if the instance is part of an isolated reference cycle) or just before the object is deallocated. Either way,
it is guaranteed to be called before attempting to break reference cycles, ensuring that it finds the object in a sane
state.

tp_finalize should not mutate the current exception status; therefore, a recommended way to write a non-
trivial finalizer is:

static void
local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

S xS

/* Restore the saved exception. */
PyErr_Restore(error_type, error_value, error_traceback);

For this field to be taken into account (even through inheritance), you must also set the
Py TPFLAGS_HAVE_FINALIZE ﬂags bit.

Inheritance:

This field is inherited by subtypes.
3.4 B RE.

%W

”Safe object finalization” (PEP 442)

vectorcallfunc PyTypeObject .tp_vectorcall
Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for type .
__call_ . Iftp_vectorcall is NULL, the default call implementation using __new__and __init__is
used.
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Inheritance:
This field is never inherited.
3.9 iR HE: (the field exists since 3.8 but it’s only used since 3.9)

Also, note that, in a garbage collected Python, t p_dealloc may be called from any Python thread, not just the thread
which created the object (if the object becomes part of a refcount cycle, that cycle might be collected by a garbage
collection on any thread). This is not a problem for Python API calls, since the thread on which tp_dealloc is called will
own the Global Interpreter Lock (GIL). However, if the object being destroyed in turn destroys objects from some other
C or C++ library, care should be taken to ensure that destroying those objects on the thread which called tp_dealloc will
not violate any assumptions of the library.

12.3.6 Heap Types
Traditionally, types defined in C code are static, that is, a static Py TypeOb ject structure is defined directly in code and
initialized using Py Type_Ready ().
This results in types that are limited relative to types defined in Python:
« Static types are limited to one base, i.e. they cannot use multiple inheritance.

* Static type objects (but not necessarily their instances) are immutable. It is not possible to add or modify the type
object’s attributes from Python.

« Static type objects are shared across sub-interpreters, so they should not include any subinterpreter-specific state.

Also, since Py TypeOb ject is not part of the stable ABI, any extension modules using static types must be compiled
for a specific Python minor version.

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created
by Python’s class statement.

This is done by filling a Py Type_ Spec structure and calling Py Type FromSpecWithBases ().

12.4 Number Object Structures

PyNumberMethods
This structure holds pointers to the functions which an object uses to implement the number protocol. Each function
is used by the function of similar name documented in the # 5 #/-13L section.

Here is the structure definition:

typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_1lshift;
binaryfunc nb_rshift;

(FItaks)

218 Chapter 12. &St $F



The Python/C API, %% 3.9.5

binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc nb_inplace_add;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc

nb_inplace_lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;

binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;
binaryfunc nb_matrix_multiply;

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

{iff:  Binary and ternary functions must check the type of all their operands, and implement the necessary
conversions (at least one of the operands is an instance of the defined type). If the operation is not defined for the
given operands, binary and ternary functions must return Py_Not Implemented, if another error occurred they
must return NULL and set an exception.

{Efi#: The nb_reserved field should always be NULL. It was previously called nb_1ong, and was renamed
in Python 3.0.1.

binaryfunc 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
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unaryfunc PyNumberMethods .nb_invert

binaryfunc PyNumberMethods .nb_1lshift

binaryfunc PyNumberMethods .nb_rshift

binaryfunc PyNumberMethods .nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods .nb_or

unaryfunc PyNumberMethods .nb_int

void *PyNumberMethods .nb_reserved

unaryfunc PyNumberMethods .nb_float

binaryfunc PyNumberMethods .nb_inplace_add
binaryfunc PyNumberMethods .nb_inplace_subtract
binaryfunc PyNumberMethods .nb_inplace_multiply
binaryfunc PyNumberMethods .nb_inplace_remainder
ternaryfunc PyNumberMethods .nb_inplace_power
binaryfunc PyNumberMethods .nb_inplace_lshift
binaryfunc PyNumberMethods .nb_inplace_rshift
binaryfunc PyNumberMethods .nb_inplace_and
binaryfunc PyNumberMethods .nb_inplace_xor
binaryfunc PyNumberMethods .nb_inplace_or
binaryfunc PyNumberMethods .nb_floor_divide
binaryfunc PyNumberMethods .nb_true_divide
binaryfunc PyNumberMethods .nb_inplace_floor_divide
binaryfunc PyNumberMethods .nb_inplace_true_divide
unaryfunc PyNumberMethods .nb_index

binaryfunc PyNumberMethods .nb_matrix_multiply

binaryfunc PyNumberMethods .nb_inplace_matrix_multiply

12.5 Mapping Object Structures

PyMappingMethods
This structure holds pointers to the functions which an object uses to implement the mapping protocol. It has three
members:

lenfunc PyMappingMethods.mp_length
This function is used by PyMapping Size () and PyObject_Size (), and has the same signature. This slot
may be set to NULL if the object has no defined length.

binaryfunc PyMappingMethods .mp_subscript
This function is used by PyOb ject_GetItem () and PySequence_GetSlice (), and has the same signa-
ture as PyObject_GetItem (). This slot must be filled for the PyMapping Check () function to return 1,
it can be NULL otherwise.
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objobjargproc PyMappingMethods .mp_ass_subscript

This function is used by PyObject_SetItem(), PyObject_DelItem(), PyObject_SetSlice ()
and PyObject_DelSlice (). It has the same signature as PyObject_SetItem (), butvcan also be set to
NULL to delete an item. If this slot is NULL, the object does not support item assignment and deletion.

12.6 Sequence Object Structures

PySequenceMethods

This structure holds pointers to the functions which an object uses to implement the sequence protocol.

lenfunc PySequenceMethods.sq length

This function is used by PySequence_Size () and PyObject_Size (), and has the same signature. It is
also used for handling negative indices via the sq_itemand the sq_ass_itemslots.

binaryfunc PySequenceMethods.sq_concat

This function is used by PySequence_Concat () and has the same signature. It is also used by the + operator,
after trying the numeric addition via the nb_add slot.

ssizeargfunc PySequenceMethods . sq_repeat

This function is used by PySequence_Repeat () and has the same signature. It is also used by the * operator,
after trying numeric multiplication via the nb_multiply slot.

ssizeargfunc PySequenceMethods.sq_item

This function is used by PySequence_GetItem() and has the same signature. It is also used by
PyObject_GetItem/(), after trying the subscription via the mp_subscript slot. This slot must be filled
for the PySequence_Check () function to return 1, it can be NULL otherwise.

Negative indexes are handled as follows: if the sg_length slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sq_item. If sq_length is NULL, the index is passed as
is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item

This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_DelItem (), after trying the item assignment and deletion via the
mp_ass_subscript slot. This slot may be left to NULL if the object does not support item assignment and
deletion.

objobjproc PySequenceMethods .sq_contains

This function may be used by PySequence_Contains () and has the same signature. This slot may be left to
NULL, in this case PySequence_Contains () simply traverses the sequence until it finds a match.

binaryfunc PySequenceMethods.sq_inplace_concat

This function is used by PySequence_InPlaceConcat () and has the same signature. It should modify its
first operand, and return it. This slot may be left to NULL, in this case PySequence_InPlaceConcat () will
fall back to PySequence_Concat (). It is also used by the augmented assignment +=, after trying numeric
in-place addition via the nb_inplace add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat

This function is used by PySequence_InPlaceRepeat () and has the same signature. It should modify its
first operand, and return it. This slot may be left to NULL, in this case PySequence_InPlaceRepeat () will
fall back to PySequence_Repeat (). It is also used by the augmented assignment *=, after trying numeric
in-place multiplication via the nb_inplace_multiply slot.
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12.7 Buffer Object Structures

PyBufferProcs

This structure holds pointers to the functions required by the Bujfer protocol. The protocol defines how an exporter
object can expose its internal data to consumer objects.

getbufferproc PyBufferProcs .bf_getbuffer

The signature of this function is:

int (PyObject *exporter, Py_buffer *view, int flags);

Handle a request to exporter to fill in view as specified by flags. Except for point (3), an implementation of this
function MUST take these steps:

(1) Check if the request can be met. If not, raise PyExc_BufferError, set view—->0bj 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—>ob .
(5) Return 0.
If exporter is part of a chain or tree of buffer providers, two main schemes can be used:

¢ Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference to
itself.

e Redirect: The buffer request is redirected to the root object of the tree. Here, view—>o0b7j will be a new
reference to the root object.

The individual fields of view are described in section Buffer structure, the rules how an exporter must react to specific
requests are in section Buffer request types.

All memory pointed to in the Py__buf fer structure belongs to the exporter and must remain valid until there are
no consumers left. format, shape, strides, suboffsetsand internal are read-only for the consumer.

PyBuffer FillInfo () provides an easy way of exposing a simple bytes buffer while dealing correctly with
all request types.

PyObject_GetBuffer () is the interface for the consumer that wraps this function.

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 internal field to keep track of buffer-specific resources. This field is guaranteed
to remain constant, while a consumer MAY pass a copy of the original buffer as the view argument.

This function MUST NOT decrement view—>obj, since that is done automatically in PyBuffer_Release ()
(this scheme is useful for breaking reference cycles).
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PyBuffer Release () is the interface for the consumer that wraps this function.

12.8 Async Object Structures

3.5 FR I EE.

PyAsyncMethods
This structure holds pointers to the functions required to implement awaitable and asynchronous iterator objects.

Here is the structure definition:

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await
The signature of this function is:

PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter Check () mustreturn 1 for it.
This slot may be set to NULL if an object is not an awaitable.

unaryfunc PyAsyncMethods .am_aiter
The signature of this function is:

PyObject *am_aiter (PyObject *self);

Must return an awaitable object. See __anext__ () for details.
This slot may be set to NULL if an object does not implement asynchronous iteration protocol.

unaryfunc PyAsyncMethods .am_anext
The signature of this function is:

’PyObject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.

12.9 Slot Type typedefs

PyObject * (*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)
The purpose of this function is to separate memory allocation from memory initialization. It should return a
pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized to zeros, but
with ob_refcnt set to 1 and ob_type set to the type argument. If the type’s tp_itemsize is non-zero,
the object’s ob_s1ize field should be initialized to nitems and the length of the allocated memory block should
betp_basicsize + nitems*tp_itemsize, rounded up toamultiple of sizeof (void*) ;otherwise,
nitems is not used and the length of the block should be tp_basicsize.

This function should not do any other instance initialization, not even to allocate additional memory; that should be
done by tp_new.

void (*destructor) (PyObject *)
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void (*f£reefunc) (void *)
See tp_free.

PyObject * (*newfunc) (PyObject *, PyObject *, PyObject *)
See tp_new.

int (*initproc) (PyObject *, PyObject *, PyObject *)
See tp_init.

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 * (*descrget func) (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 * (*1ternext func) (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 *)
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12.10 5|

The following are simple examples of Python type definitions. They include common usage you may encounter. Some
demonstrate tricky corner cases. For more examples, practical info, and a tutorial, see defining-new-types and new-types-

topics.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type

{

PyVarObject_HEAD_INIT (NULL, 0)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = "My objects",

.tp_new = myobj_new,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

You may also find older code (especially in the CPython code base) with a more verbose initializer:

static PyTypeObject MyObject_Type
PyVarObject_HEAD_INIT (NULL, 0)

{

"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */

, /* tp_itemsize */
destructor)myobj_dealloc, /* tp_dealloc */

, /* tp_vectorcall_offset */

4
reprfunc)myobj_repr,

~ N 0~ 0~

~

~ N~ 0~

O O O O O O o o o o
~

~

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

tp_getattr */
tp_setattr */
tp_as_async */
tp_repr */
tp_as_number */
tp_as_sequence */
tp_as_mapping */
tp_hash */
tp_call */

tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
tp_doc */
tp_traverse
tp_clear */
tp_richcompare */
tp_weaklistoffset
tp_iter */
tp_iternext
tp_methods
tp_members
tp_getset
tp_base */

*/

*/

*/
*/
*/
*/

(F ks
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/* tp_dict */

/* tp_descr_get */
, /* tp_descr_set */
, /* tp_dictoffset */
, /* tp_init */

’ /* tp_alloc */
myobj_new, /* tp_new */

~

~

O O O O O O

bi

A type that supports weakrefs, instance dicts, and hashing:

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = "My objects",

.tp_weaklistoffset = offsetof (MyObject, weakreflist),

.tp_dictoffset = offsetof (MyObject, inst_dict),

.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
i

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func):

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "mymod.MyStr",

.tp_basicsize = sizeof (MyStr),

.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = "my custom str",

.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = NULL,
.tp_repr = (reprfunc)myobj_repr,

bi

The simplest static type (with fixed-length instances):

226 Chapter 12. &St $F




The Python/C API, %% 3.9.5

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",

bi

The simplest static type (with variable-length instances):

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi
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TYPE* PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
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void PyObject_GC_Track (PyObject *op)
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LR R EOR B .

int PyObject_IS_GC (PyObject *obj)
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static int
my_traverse (Noddy *self, visitproc visit, woid *arqg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return 0;

}

tp_clear AAMRRFF N inquiry 288, QIARXT AT 2N NULL.
int (*inquiry) (PyObject *self)
EFPETEIRG ARG . AN RATFEAE T, FOAMATA /R B A5 . %

ERERR, XMEAER MR G B AR AR CORBEN S AN Py _DECREF () J5k) . 241k m]
W ARSI A GAENERRS T Py, BTk SR -
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APPENDIX A

RIEXTHRR

>>> B A ERIARY Python $2/R4F . AEAE S R T-REPARZ B s E MR REAS LA T RE A RS 2 i
- AR A X
o SEH SR A KR AT ERIA Y Python BURAT, A% ArilkngfRass, MO SM AR Y
(B35 s, i =85%), e — &tz )E.
* Ellipsis NEHFE.
2to3 #t! Python 2.x fUA% 464 Python 3.x AAASAY T H. , WAL MRATIRAY , 3k D ARAFTA ,  AbIHZ6 I 40k i 2 1y
N e

2t03 A AEAREE Y, B4l 1ib2to3; $2HE T A0 & Tools/scripts/2to3. N 2to3-
reference ,

abstract base class -- 4 3ER G LB ABC, @Xfduck-typing [AFNTE, BEFEML T —Fp i SCHE: 0 0087
X, M2 FHAMS G E hasattr () BT AMEE MR (FlHantEH BAR ). ABCHIA
TR, XTI R 5 HABE, HAMWIRERE isinstance () Al issubclass () FRAR; #
UL abe fHSCRY . Python H 4% WE R ABC HTSLIEH454 (7F collections. abe #idkHr) |
BFE (FF numbers fEE ) L W (FF io Bitkh) . SAEREAMELS (FF importlib.abce bk
H) o ARA] DA abe Bk A H ) ABC.

annotation -- JEfig CECR| NS R BEM: . REUES SR IMMERIARE, B ENE  ype hint AR .

JRrR A R AR AR B A T AN TG, (B4 A . B MR R B b & 2 A O . 8RR ALY
__annotations__ k@M.

Z: W variable annotation, function annotation, PEP 484 ] PEP 526, XJIHINEEHH NE .
argument -- 5 7EVE ) BREAHME L function  (Bmethod ) WH. S84 FWifh:

o XA A TERBOR T PRI A FR AT (B0 name=) SUEAE N A STERTTAIA ** 17 S
ME A 2B, 3 A1 S FELATRXT complex () By M HIYJET Kt 24

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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s EEAH ART RKBETFSHSEC MESHEI TSRO ERTT S AR/ S AR a4
* [iterable P TERGAEN . 28BIKIE, 3 A1 5 FELA TR g TS 4

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

S TRE LS R B o Y B R AS B . A RN 2 L, calls —5 . ARIEIEYE, ARARAER AT
FRFR—NSHG BB B E PR XTI 1 eyl A% o
F3Z Wparameter RIEFRFH , & WIAEH S 5ES X5 PEP 362,

asynchronous context manager -- 5325 |- F S PIEY AR E I E X _ aenter_ () Ml __aexit_ ()
JrERXT asyne with @A) P RFREEIATEE S, B PEP 492 5] A,

asynchronous generator -- 532522 K% 1% BB Masynchronous generator iterator IR, B 5 async def
& SRR R BARAAERL, ARFRZAATET B vield REX A —FRIIWTE async for fEHH{H
.
WARTE T T8 A0 A ian i, EERLRE IR AT AR 24 77 £ R B R R E . WRFEE-ERL
HARE S, TR A FR AR Lo
— AR SR BT GRS await FiAX B H asyne for VAN async with {E4].

asynchronous generator iterator -- 525 2 R85 5028 asynchronous generator FRELFT B EE IR 4 .
WIS & T asynchronous iterator, Y4 __anext__ () FEW B Bl — AR GOR AT 740
AR R AR BB R —A> yield Rkl
F/0 yield SR ARALIE, T (B IPARES R R ROATEE Y ry i), 4%
A R EERESHAM __anext_ () REIW TSR ZHERIKZNS, ESMNEHFOLESLEINTT. S0
PEP 492 Fi PEP 525,

asynchronous iterable -- 2B [ B 7] #£ async for i A) o g A A9 X 4. 6 J0E B W
__aiter_ () F¥ERE—Aasynchronous iterator, {1 PEP 492 5| A,

asynchronous iterator -- 525088 ST _ aiter_ () Ml __anext_ () HFYEMIXIE. _ _anext_ W)
R Bl —~awaitable ¥} 5. async for SACFEREIEMREIN __anext_ () LTI [a] o8 A ZE R4}
%, HINHF| K —1 StopAsyncIteration BH. H] PEP 492 5] A,

attribute -- J& M KB —AWRIME, ATRAG G5 2Rl HA TR B, WR— R o BA
— M@t a, WATLAR o.a KEIHE.

awaitable -- [ZEREN R BETE await Tl PRI S . v P coroutine B2 HA __await__ () JT¥EM
St% ., 2 PEP 492,

BDFL “Z& 5 zZE0#E” W45, B Guido van Rossum, Python )61 .

binary file -- JEHISCAE file object BENS IS F 7 2 xt %o ZdEHISCHI B FOFE A RIS (Trbt, Twb!
or 'rb+') FTHMICH:. sys.stdin.buffer. sys.stdout.buffer DA} io.BytesIOfl gzip.
GzipFile HJSLfH.
J1iES Wtext file TRRENEET str XL SCHXTS .

bytes-like object -- “F i RX R R4z oF v FF Hig 3t C-contiguous ZZpp ¥t 4. XWFETA bytes,
bytearray fll array.array X%, PARFZEH memoryview X[ 5. PN Gl 1E 2 fp 3k
BAREAEP R s X SRR AR . PR B SO DA Sl BB R R 5
HAC PR TR EAT AR ) A . XIS A SCR T E R AT E TN . ARG R R T
il f13E bytearray PAJ bytearray [ memoryview, HAWMEAEZR —#HIBEIRAFT A0 AE %)
% HERETENER"); XM RNE T4 bytes ALK bytes X4 memoryview.

bytecode -- ‘= {ifh Python JFAURS 2441 158%, R CPython fifREgs H1 3R Python /71 N ERALIS . 5
TR ZAFAE cpyc U, SXFESE ZRIAT[H] — SCHRT R B s e (0] DA 25 RE VRS BT 13k 77
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) o X PR S B ATEAE T R AT AL K virual machine 2t F5YEREA R Python
FEAWL ER T A —E @, A —ERELEA ] Python A 37 .

FATIGHE 24 R AT ATE dis BRI SR AR .
callback -- A1 —ANMERSHCRAE A DA DATE A S 1 54 20 e U FH 1 - iR o 4
class -- 28 KRB e RN . 2 SGIE SR HZ I 5L B B T BV R v 3L
class variable -- Y& FE3EHE UWAZE R, I HAURTERMZ R FAB Y (AR TE R S8 B E0 .

coercion -- SR TE AL ST M R RS E R, — B S0 R b 4R o) — AP L. 91
W, int (3.15) ERFEVRSEGE NEEREL 3, (HAE 3+4.5 1, SEIEBA—3 (—/H2 int, —4>
J2 float) , WF A MR ZEBUA GEMTIN, TN % TypeError, UIREAT o Hil B LA S ,
7 BUL IR T ] e S 50— R ZEBY, BN S AL £1loat (3) +4.5 A2 3+4.5,

complex number -- 535 @ EHARGENY R, PR BUFEE R N — DS AR . R
e HERCEAOL (-1 PO AR) OSSR, ERAEREAT SN 1, TSN J. Python NI TR
By sofy, RN TREARC 20 g —A 5 52, Bl 3+15. WIPRTEE math BEH AT HX)
WARBURA, #HH cmath, RERMEARE — DB RAECARE. NRIREBOERA L, ZIEE
LT A AL

context manager -- |- F3CAHIAY & with AP, ldE L __enter () Fl_exit_ () FVRE
HIAFDRASIIA S . 20 PEP 343,

context variable -- |- F 30 & —FR$E B @AY BT SO ARA R R ER S & . X R TAEL AL R AR A
filf P AR NPT AR AT AR R R A Bl . A, X B R SUERSRUL, — M TER TR A £
A BT BT SO ER) FR AR RN KRS AR I TIBES. 2 contextvars,

contiguous -- JEZ; — GRS C & 825 Fortran & Sl X POA R ELERY . F4EZ rh 2 C Il Fortran %
i E—AEET, FrA A% B B AHE AR I SRS , SR B IR BN R G T . 752
% CHEZBA R, 4k NAFHIIEHES I f5e e — DR 5 U5 R0 4% H NP B fe b . {HJ2 A Fortran TS24
R ARG B R

coroutine -- P PifeE T HIRER)E BB, T IR AT DATERE — b AGFAE DS — RGB . PR AT DAEVF
ZARP R EVEA L BHAWKE . EfTEd asyne def iHHREH. 2L PEP 492,

coroutine function -- BpRLFREL IR [0l —Scoroutine ST R RE . THMEREEd asyne def iBASEE X, FF
A HEfL S await, async for fll async with e, X2 d PEP 492 5] A1

CPython Python ZifiFi 5 W MIESLEL, 7 python.org b A, "CPython” — il Jij T LA EEIRFHF ML L BL-5 HoAh
SEELGI AN Jython B IronPython A X 51

decorator -- 3N IR EME N 5 — D eRE R AL, HE T ewrapper EATEA ORI TRECE . SiligRn
LT AdE classmethod () Ml staticmethod ().

AR IR, DU AR B0 ST S R Se 55

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

[ AR S S 28, (Bl R . A X ER RIS 7T 2 0L sREE SO 2858 SURY SCRY
descriptor -- §liik#s (TEX T _get_ (), _set_ () Bl __delete_ () H¥EMMNE. B—PLEMHE
HHERZRES, BRI T S B A R L . EEE T, a.b RARE. R E SR
— BT STE a R FHAERATN b BIXTE, BAR b — R, WS X R b 4%
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Tiike BEARA SSRGS 2 IR AR Python (1Y ¢ 68, XN 2 1 2 B BEARIE I BLA , (04 B2
Jriks JEtE. ROk BESOTIRLA BRI G AR

A KB IRNE Z (5, S descriptors B i i fi e«

dictionary -- “ylL — /N CHRE L, Ho AT S A AR L S 2 AH Y B (E . BRI DL AR HA __hash__ ()
__eq__ () HERINIS .. I Perl &5 RN hash,

dictionary comprehension -- “y il S 4B — D] A AN G P BT A B A JU R IR AR [ 45 R ML —
BEEY:, results = {n: n ** 2 for n in range(10) } AW — 1 HE n F{HEn ** 2 BYBL
B R 7 . 2 I, comprehensions

dictionary view -- ‘FHLELE M dict.keys (), dict.values () fil dict.items () IR [ ITERBEIR N F
HWAE . ENRETFHAHN—DISHE, XEWE Y PSSR, HEESHHN AR BT
SR SR o EUE RS, AT 1ist (dictview) . £ dict-views.

docstring -- SRS FRFH (N3 AR ISR — 2R B FAF s P . eI RITIN &
P, BRI R B TTEZE . sRAEHER __doc_ @M. T e HTIUENE,
PRI SR Xt SR A TR SRS A RO

duck-typing -- 1878 F5—FhgRfRE XA, EIFAKEE RIS RE R e 2w A EfmED, med
BRSO o EsUErE (CRERGN T, nEREGEN T, BatEmen T . ) hTimiEE
FHAER e 288, it RIS vl i e 2 SRR T R G ME . 19 T2 BLE G type () B
isinstance () Kpill. ((HZEEEN B0 DAMH 46 28 % fENRh e, ) AR R hasattr ()
K e 2 EAFP 4Rf

EAFP R HORVFIT A D) IS0 4i5 . X Python 5 J AU 2 5 RS 2 85 T 75 1) B sl S AP AE
HAEBE B BRI R A o XA it PO AR IR @ KiRIs ] try Al except T4, T HAIN Y
MR FTELBYL W%, #ILT C SRR HAhiE = .

expression -- Lk W DK FAMEMTEEFIC. Haihyl, — DRk FE RO, 45K,
JEPEDT I IEFATER BRI BIL A, ENHEEEH SR —ME. SUZHAMET AR, HIEAES
tPER R FIAA . IBAFAEA RO ERIB S W statement , Bl while. WA E T MM AEREA.

extension module -- §JE it DA C 5 C++ RE UL, (i Python [¥) C API R 515 F 1.0 DAL H P AU

N

T H.

f-string - £ P47 74 £ ok ' F BTG R I EE RO “f-E AR B RS S A R LAY
5. % PEP 498,

file object -- SCPFXTGR X AN AL [ S APT AR N E R IRAIXISR (A read () B write () JEFERYIS
R) o MUEHAIE T B R, SCPFRTR AT AL BN BLSCRER SO, XA AUEAE, BOR Xl IR
WU (BlanbRiEs A i . NAFZnh X, BRI ) . SUFR Gy ST &3 28R,

S AT =R SCIERT G Il =22t ] SURE, Geirh =206 ST DARZSUA ST . AT 101 58 L3
1E Lo Bk, QUESCIEXTRMIE T XM open () BR%L.

file-like object -- SLPERM G file object WR] i,
finder -- 4Ry —Fh S22l A g S ARILH loader FIXTS

M Python 3.3 BRAFAE PR M R B E k4% Tk 12 £ 48 %5 By sys.meta_path i, PAKpath entry
finders fit £y sys .path_hooks ffiff].

HLPERE %1 PEP 302, PEP 420 i PEP 451,

floor division -- [n] F VBRI 7] T 8 A B B BB B B . el T U R AR IB BT 2 // . BN,
FrX 11 /7 AWTESGRE 2, M5BT SR EIERERR 2.75 . HE (-11) //
4 R[] -3 PRk -2.75 @ T AGRIMEE S, Il PEP 238,

function -- B4 AT DA 20 [l B AME R —2HiEA) . 3R] DA HAZ A S ZAN S 3 HAE R BRI T
W . 55 Wparameter, method F function ZE4Y,
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function annotation -- FRECkrI: R4 R EE 280K BB ) annotation
PREVREEIE 7 TR 242+ BIanDA R BRI Z A int SEOF R E-—4 int {4:

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

PRI HETEVA R PEAR I function —7
12 F variable annotation F1 PEP 484 X} I REFIHEIA .
_future__ —FhPhIEHe, IR 53 TR E 45 24 i AR RS N A2 BRI o e

i?.(iﬂ}er/\ _ future_ BIIFXTHE A EAR EORE, AR DA B AT i O AGE 7 PA ST BN
ZRIA:

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

garbage collection -- Jp g [nI¢ FERCN PR i FH B9 77 25 (B 3 F2 . Python @38 43 5 | FH 1T AR — > g i A
FFTOEAEERS | T DGER IR [ S R A T B8R B o T PARE T g o ARk d2s il 1 3% Rl e 24

generator -- ZEJREY IR [8]|—Ngenerator iterator P PREL. BREEAMGIE- WKL, AESFETHEE vield %
IR PAE =2 — RIME LSS for-TEFR T sl /il 1T next () HREZE—IRHL.
T TG AR R AL, (HAERSE N N R 2 TS A R Sk R E . WRTFEIEREFRABMAE L, il
FAFRPAKE S L.

generator iterator -- LR85 %ACES generator REUTTRIZRINT A .

FAS yield IGHFE AR, iCESHIERITIRGS (B3R RMHERRY vy 5A)) . 4% £ &
BERBWEN, EENEFAERSEIAT (X 58K IE AT UG 03 8 R B R K
generator expression -- AR AIE X R PN EAAFREX . BEHEERRG S EFSLGHTEEXLT
—MMEFAS R JEER for Fh), PAK—AIER 1 7). ATITEAREXS NINZREE R —F

S

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

generic function -- jZ RIeR B A [ )2 280 S B ) S0 1) 224 e BSOS LAY R R 3R D I 2 Pl IR EE SRR
SR 5 %% o RS B

2 Wsingle dispatch RiEFESH . functools.singledispatch () Hifi#sLA K& PEP 443,
generic type -- [ZZRRR W AYIE S pe; EHE AR RBBIM 1ist. AT R AT FlAFE.
THZ [ PEP 483 K TN, PAK typing s 2 B AGR T ARE.
GIL Z:W.global interpreter lock .

global interpreter lock -- 2 JSff BEZT BT CPyrhon fRREAR P R T B —FhBLE, B RA LR ) — i 20 A — DR
AT Python byrecode, HCHUHIE T BCEXRBER (U35 dict FHENEI) HXIF LU R
{7 CPython SEBL. ZHEANRREEH N DRI AR 2 AR AT oy B, AU M2 e 2 Ak
Has ERFFATIE
ANad, FESEHRUE R R =07 R RSO T S PE ATV S AR AT 55 Q1 e 45 v A P RR i GIL
BEAh, FESAT VO HefEmth 2 28k GIL.
QE—A (ARSI EER BUE I S8 ) A A" MRS S5 I MRS, PRI 47k
A AL AR DL BOPERE . 345 SO MR Al M B A HR T S B A AR AR %, AT S DA 4
o
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hash-based pyc -- J& WA pyc 57X W Y5 SCA (MG i (1L T A e J 16 A s 1] Sk it o JHA UM 21 RS G2 A7
XA, 2 pyc-invalidation

hashable -- W[W5 4y — > X5 42 B W Aiv (L 0 2R A HC2E A o] 0 N 268 R o e, iR ol Tes A (E R E R
__hash__ () J7¥k) , FFATDARIHABXT R BATICE (EREREA _eq () K)o ATHAX R
WA RIS A (L EU R S5 SRA A ]

AT F PR CERERT SRR D T SR A A LB, DR Ry B 2 ) A A T 0 AL

RZ%L Python H R AIAE N EXT G2 FI W Av i) s AIARASAs (Blans) Ry i) ARG Ay Rae
s (BIANTCA A frozenset) (4B AT ICRII N AT MG Ay I A2 PTG A T 7 SO LB xR B
WG AN . ENHERER-—Z A (BRSO ), ENRmaEm e BT Enm
id ()

IDLE Python [f) IDE, “fEpiJT & 52£~J BB MYSESCHHE o 72 Python Bifl A AT PR ) B A 20 AL A1 AR
LiEINT

immutable -- An[E B FUEERIA G . RS . FARATCA, XX SN RERICE .
i%\fﬁﬁﬁj~’l\7ﬁlﬂ%ﬁ, WL RIHFTRI R R . ENTETR 2R R AR IR E w2, il
PE TR

import path -- FABRAE B ME (B4 50 ) 4UMSNR, SWEIREIparh based finder FIRAEHK A
Hir. FESAR, WAEIZEFKE sys.path, (HINRFGEABHRAHERH EHRMMN _path__
JE .

importing -- FA 4—MEH ) Python HUTHAE R 73— M H Y Python AURS T 6 B9 7.«
importer -- FAZ BRI MBBIRAGXTS . WX GBEE T finder SUg T loader

interactive -- 28 #. Python iy 5 — A B ARERESS, BIARTT DATEMRREZS $E R 0 Ja s A B A ARk =, 7 EPHR
THERHLSR . REATSHHED) python 634 (WA ATEARIG T BT b6 3% B rp s A 1 3% B
T00) o AE DA AR 2 B RS I R R AN A0 g s i X R e AR 8 (G iCSE ] help (x) ).

interpreted -- fi#FE%! Python —JE FAFREALIE T, SR @M IFIUET, SIAME A5t T 57755 4w
B AT A TR . X RGO T DA B2 A T A A5 S O w] SA T SO T ke
RUTEF R B AR AOE S T AR R, (R HAR PR TS g . 2 Winteractive,

interpreter shutdown -- fEREZTCPH U EROCII, Python MERESRRFE A — M EIRIZ TR BOFZ 2 BT
AEDBCHIR, PIIBLHRAIAS T G NTREESE . Eb R Z WA R eI 35 o X Sl P E XA
2R 555 U R A AU AAT o AE S PRI BERAT A AU T RE B B A R, PR HE i OB ) B U
EARFAR (DL BT R el AL <5 ) o

FRREAR T Z I RN __main_ BORERIEATH A 58 AT -

iterable -- n[IEfCR} 4 BEAS B 1R [n] Ho A B I A6 4. AT B A X G A 1 T35 B AT A 2R A (B 1ist,
str fil tuple) PARHELAE P A ZRBIGIAN dict, ST % DARGEX T __iter_ () HESEEHT T
7 1B __getitem () FIEMIATE HE XN,

AR ZE T AT for TRIRA VP2 HA TR Z— AP AT (zip () map () ...)o B—AA[ZEA
MEAVERNSEAL /N ERE iter () B, BEoRENZNEIERL . XFERSE A TXEEEN—
UCPER 7 o AEOE R PTG, IREEAFTER iter () B0H B OABERIXT L. for iBASN
VR B SN PRARSEHEAE B — NI AR fr 44 28 5 HORFE TR IR A7 A% . S Wliterator . sequence
PA K generator

iterator -- EARZF JORFR —EAHRLIRRAIR G . EREPFEAAN _next__ 0 Jrik (SO HELRNE
PR next () FFBARIEEA A Y BEA B ARG % stopIteration FH. FXmfk
AR R PR BRI C AR, BB __next_ () HIERSHIRGK StopTteration Fi. ik
RADARA __iter () FIEAPRIREZEARXT R H &, NGRSt TR AN 4, Al
T HAREAR GBI R e — N RZFIBISNEARLE 2 2 W ERZ P A . A
X (B List) EARBERIHAAA iter O BMEEURTE for JEEFAP T EMERS A —DHTiiE
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At QERAEIUNE DL ARs a0 2 AUAR I 2 3R Il 2 iR AU AR e R Y ] — R U 4, A
EAPMB R EE R

W2 {E RN AF typeiter,

key function -- SpR% FH PR KRB HE BR 40, 2 BEAS AR Il ] T HE P BCHROZBOE R AT X4 Bl Locale.
strxfrm () AT AT ERE RISHE 29 E I HEF 8 -

Python " V5 2 T H# o vF 1 4 o BOR 45 ) o0 R W HEAL 8040 21 5 50 K 46 min (), max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapqg.nlargest () PA K
itertools.groupby (),

AN AR ECE Z R . B, str.lower () HIEW AIEZME K/ NEGHEF R BERE. T 4b,
SRR IS 1ambda FkHORAIHE:, HI40 lambda r: (r[0], r[2]). iif§ operator b
T =R B #e . attrgetter (). itemgetter () Ml methodcaller (). iE&EH WATHHT
— 17 PASR IR g2 A F 4t bR 500 7 181 o

keyword argument -- 3@t 2S5 £ Wargument,

lambda t1— > §fltexpression ¥4 Y 44 WIRER KL, KRR AETH I INBIOR(E. B8 lambda e& 5 H)VE R
lambda [parameters]: expression

LBYL “Jofif JGBkER” M T . XU 5 XA SAEDE TR ) Bl e 2w i ARG A i 2 . 1k
M5 EAFP J7 b O e, AR U KB 1 £ 154,
L2 LRAEET, LBYL '8 “&F/” Ml “BRIK” R ERMSeS MK . Blan, PANARD if
key in mapping: return mappinglkey] A REH THER A EAE 2 JG HAMLKFE N mapping H 5
T key T A o SRR DR AT JE A N A B AT EAFP 7 SORMRI

list -- %13 Python P & 1 —Fhsequence, FIRA RH)F, (HHE AT HAE F 8 imdEsi 8558, BN
Vi JCR AT SZ 4% 8 O(1).

list comprehension -- Sk 40 3 — > 77 4 b iy T A B0 43 70 K T IR I 25 518 R ) — Fh R T kL
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] ¥HEWK—0
#) 255 JH B AR TN SERME BT W F AR (0x.) BFIR. Ko 1 AR AR, W0 2R A R
range (256) HHIFIA IR WAL .

loader -- MIZRES A TR S . BUFE X 4N load_module () M. hEkse@ s h—4 finder
RE ., PERFZ L PEP 302, XfT-abstract base class 7] Z: |, importlib.abc.Loader,

magic method -- AR Jj i special method W)AEIE = [R] XA

mapping -- Wit —FP SCRHE AR IFSLIL T Mapping & MutableMapping HlIR I Frfle T A2
XS, N H T AFE dict, collections.defaultdict, collections.OrderedDict
PLM collections.Counter,

meta path finder -- JCPEIEERZY sys.meta_path IR TIR B finder, JCHARERES Spath entry finders
AFAE R IR

A E importlib.abc.MetaPathFinder [ fifJCIEAE IR TSI T vE .

metaclass -- JLH& —Fi I FQIEERE, JoE LOGRY . RPMAELRIR, uRATHER Eid =12
FROUEMINIAIE . K Th ) %) G AR 5 AR Pt — D BRIASEBL. Python FF 51 Z ALAET 1] PARY
B ESOUER, KRED I PREATERXA TR, (HYH 2By, Su2 TSR T POHE Y i o7
% ENEPNTICRBIEDT I HE . Bomate et . IREX R 008 SCHRE, AL HAMFZAES .

B L2115 2 I, metaclasses,
method -- Jj 7k FEAPNERE I RE. QIRAVE R BRI SEBI R —NEHR AT, HiERF SRS 5B N

HEE—A~argument QAR 4N self). &0 function Fnested scope.,

method resolution order -- J5 RPN 32 AT I e A 3R A 03 s 48 2R P EL 2 BT A S e I o 1
A5 Python 2.3 JyEfEMTINT TH#EE 2.3 BGE Python AT #% BIr I AH < 5435 A9 TEN
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module -- il [ XT5 52 Python fCHS AT —FhZH LU . AR EAG M7 ) v 44 25 18], W& 45 Python X
%o BT i@ L importing BEAEQEINZLE] Python 1,

5 Wpackage

module spec -- BB — 4> fiv 44 S 0], HoAP & T BB R X A E. & importlib.
machinery.ModuleSpec HJSEH .

MRO Z: lLmethod resolution order
mutable -- W[4 FAENRATPAYEH: 1d () PREFRETE GO N R HUE . 555 S Wimmutable .

named tuple -- JL# 4] Rif “HA0H” AT TAEMA0R Hocdl, HHIL PRI RT e aef i #4 r)E
PRV EZE . AR s SIE T RES A H AR -

AUNERAETAZICH, Wi tine.localtime () fl os.stat () WREME. 75 —07 =2

sys.float_info:

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

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

True

AL B e e N E R A (BN LAY 51 ). Hesh, B4 TeAn Al 2R E UM tuple 4HRIE
AR B y AOR A . AR AP TS, s [ T) % collections.namedtuple ()
B, 5 A SR SR — T T4 S s A BB A ST TSR I T ik

namespace -- it 23] 44 2 AR AEUE RN . ara =SB R, SRANER, BAX R iRE
i 2] (FETTEZ ) o 4 3 (AL e B ki 4 o SR SRk, BN, % builtins.open 5
os.open () Al 4 ) fr 2 25 AR X 4. iy 44 25 1) 0 38 Ao BH ff I A e S BRIRAS eR BSOR 35 B
ﬂiﬁ‘fﬁ%ﬂ—ff’ﬁ)ﬁ@ 40, random.seed() B itertools.islice () ﬁﬁ%‘?ﬁﬁﬂﬁﬁTﬁ%Eﬁﬁ%
i random 5 itertools i/ BISCHLA .

namespace package -- fiy $ 23 [A] {0 PEP 420 fr5| AR —Fp U HIE TR A s Hpackage, fin44 =5 [ n] AT
AEEFIRY), HAid I s Gregular package RN[al, PEAEATEA __init__.py fF.

Ba] % Wmodule,

nested scope -- iR EFEHI 75—~ GERING A RGeS . B, 765 Rz N E SR AT PAS | H
HIA AR . TR B IR R 5 A RO XS IR O JRrB AR i f s S AR A2 BR T i N EAE
giﬂi R, 4RSS NERT 4R %50 . #id nonlocal X4F R RIFE AINZEH

new-style class -- Fi X X1 Hwj O8N T A X L2 0 IHFRIE 7555811 Python fitAs H, HAG =k
FERENS [ ] Python By o R FEERME, BIAN __slots__ | il fF. #5iEJEME . __getattribute_ ().
BHEMESHES.

object -- X 4 AL HARE (JBHESME) PARTUE XATH (HE) H%dE. object tL@fEfalnew-style class 1)
BIEHRA .

package -- {0, —Fp ] A& AR E I ML B 5 1B Python module, ¥R B, B@WH __path_ &
L1 Python ik,
%2 W regular package Flnamespace package.

parameter -- JE funcion (B(J5%) & CHIaA IR, TR RET DAREZ 1 — P argument (BAEHE L6
WE, 2M%%). AHAES:

* positional-or-keyword: BB KT, F5&— DA AENIZ E A2 2 AR DME R £ 42 AR
ABSES . BORERAIES KA, FINTRERY foo A bar:
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’def func (foo, bar=None): ... ‘

* positional-only: {L{FRAIE, & —H BB L ARNS . (WRAETE 2wl i1 ek BUE X
ISR EMNZ IR E A/ FARES, IR posonlyl I posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

o keyword-only: {{FRKHET:, F5& A~ HABHE LT RBEFAE AN SE. AR FIE S 0] 7 iR
E X IESH) R b & AT AL E TS ST L2 N AN B IE S Z Ji— * ke S, Bl
TATHY kw_onlyl F1 kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

* var-positional: W]ZEI ., € W] ABRME f — MERECR AL B SEA T (T HAE S
CRZNNESHZIE). RIS AR S ARG * KE XL, BIFEe args:

’def func (*args, **kwargs): ... ‘

* var-keyword: FAZRBEF, HEE A DASRBUE AR S T S A (BT MBS O #2054
TEHZIE). RMESAEEIIETESAPRATMEA ~* K@ L, BIA LR kwargs.

TEZ 0] DAR] NS E AL SAL, AT AR n] e 2 80 i BOAME .
W2 Wargument RIEFZKH . GRS X BT E)E ILE S, inspect .Parameter 2%, function —
4L PEP 362,

path entry -- Y48 A 11 import path Eg— AN AL, SPipath based finder R IRELF AL

path entry finder -- J%12 A D8 (T — 0[N 28/ sys . path_hooks (Blipath entry hook) & [8] i) finder
WA R AR i path entry g iABEH .
155/ importlib.abc.PathEntryFinder DA TREEARA A R4S Ir Ll ) &4 i

path entry hook -- B#EA 81 —FP TP IS, FERIEE WMo 2 $R 45 58 path entry H i BEHR S L T BEAE AT
H sys.path_hook %Rk [Bl—~~path entry finder .

path based finder -- J& FIRFEM AR BN —FhLib 2 &40 5, WHE—"import path WP R AR,

path-like object -- Bt FERR G N FEK— D LRGN G . REEEIG A LR D FR IR str 8
bytes X%, BA[PAE— LI T os.PathLike MM S . —A3ZHF os.PathLike MU AIXI S
i@ A os. £spath () BREFEH N str B34 bytes KRB RIS os.fsdecode () Fl
os.fsencode () A5 B RMLRIKAS str o bytes RBIKLER . x5 & PEP 519 5] Al

PEP “Python M5 I P CHEE . —A> PEP stje— (3Bt SCR4, F K1 Python 41 IXRALE B, sk
—/~ Python FRBTHEERIE S HE B BEIAEE . PEP 1 24 SRS 5 1 2 AR HURS R0 T S S A 1 SR A
PEP W1 A4t 5 ZOR e s SO DO AR A A B 5 DA S Rl A5 I Python [0 B3R 4 5
SCRYEEALT . PEP (/RS SEATAEAL I P IR, IR AR [ 2 AR AC A SR
%10, PEP 1,

portion -- #§5 H4 R — &4 SRR A H SR A SO (WRTREAFRCT —A> zip SCPFN) L FLAGE UL
PEP 420,

positional argument -- i & 54 % Wargument .

provisional API -- #¢2 APY ¢ APL @45 0A R HERRAEARE A i) J5 AR A PE PR IEZ SRR Y I e o i
RMCIZ AT A S FA AL, (ARZHARCE E, Bn] RETEAZ DT R E 2 A L SR L
NHATR AN (HRAFEERZED) . WA ERI R BEIET - (E APL A Z |
R TG B 1) EE BT R S o ke e B A ] E Sk A
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BP0 APT KL, 5 NI B B JE MR 587 — AT AR A Rl A A B

ERNINi =y veaan % hy Ui DI Ep EEH] 7 S

XML FE A VAR IE PEFF SR IE , AN 2 TR0 WSS PE R T BRIE BT IR . 1 WL PEP 411,
provisional package -- 50 S Il provisional API,

Python 3000 Python 3.x %A Lk AUWERR (X4 FHERAS 3 i) A Afib R TCIR I B L B T ) o A i
WS “Py3k”.

Pythonic #5— Lkl — B B2 3875 T Python i 5 e Y WARFIBE S, 1A 2 ol ) A e = vhoai )
EI‘J’FE%/‘EE%IMW% B, Python i) M WU 2 ] £or IEAITHER EEJEF — AR R T T
o UEHAME SRR ZEN, IR Python B AT I & Ve 6 — NG

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

TR ¥ B 1575 B Pythonic (77 4k X FERY:

for piece in food:
print (piece)

qualified name -- ROE#FR —UARUS D BEIIAFR, 2R BRI 42 Rt IR A B b SRS 2E
BEOTER) BT, MHRE I PEP 3155, XTI R sRECRE, FRER RS RATR— ﬁt

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname___

lCl

>>> C.D.__qualname___
'C.D'

>>> C.D.meth._ gualname_
'C.D.meth'

DT HIHBRES, T R RE & AR BRI DL S R A i A, U S TR AL
A, il email .mime.text:

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

reference count -- 5[ JVF8 XFERE XS 0951 H B ECR ~/\XT S5 TR SRS, B4 B SRR R,
e 51HTTHECHT Python RS R U@ # 2 AT WA, (H'E R CPython SEIL— K HEICE . sys FRELUE L
T—A~getrefcount () PREL, FE/F U E KR BB X105 | 4L

regular package -- M LH B package, B ER—A _init_ .py XMW H%.
%% Wnamespace package

_slots__ —FPEYESEN IR, Ll T 5 RS B S8 B 12 X R AR IR S ) MR A A BRI
IARGAT, HARZHE AR, St LRBAEDBAROU T R, BN R,
HH A s KRS

sequence -- JE41] —Ffirerable, & 3R IE _get item__ () FRERIT KA FREEER G | TR TR VIR,
HELT—MREFAKER __len_ () Fik. WEE@V?J*’E% list, str, tuple fll bytes.,
HERA dict 3ZHF _ _getitem ﬂl len__ EHOANE TSN RS, oA E A
PR B AT B i immutable S AEFEEL
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collections.abc.Sequence IZH L EN T —NMEFEFERNE D, BAF __getitem_ () FI
_len_ () ZANXEINT count (), index (), _ contains_ () fll __reversed_ (). SZHLIL
PO EBN DA register () SRR

set comprehension - SOy HE SR LMY R4 o 0 T S HOA TG A 45 A A — PR o
results = {c for c in 'abracadabra' if c not in 'abc'} HHENFHFEES {'v'
'd'}. 20l comprehensions.

single dispatch -- ¥i53k —Fhgeneric function 73YRIZ, HILHEET A SRR BOR LR -

slice -- V) 5 RS TR Esequence B—4 B0 5. YR & @ 0 FARPRIC R A1), 1E [1 4 H
JINPAE SRR EcT:, il variable_name[1:3:5]. HHES (FFR) ARictENEREH slice X
%.

special method -- }§5% Jj ik —Fi Python [ IRk, RIS FER A THS E BRI AARINSF 45 . X
MR FRIE RHNBUT 2o FEIRTT A S WL, specialnames .

statement -- IG5y 1502 FE (— MRS CH) MAEEAL, — BN PAUE —Dexpression BIEAN A
KAEFIILE, I 1f, while B for.

text encoding -- SCAZHRY I TFf Unicode 547 53 4 i 0 745 ER I D % o

text file -- SCARSCHF —FPBE LS str MR file object o 3 — > SCASUPFSE P e 1 7] — A I 1) 519 R 5
I H Bl Pext encoding . SCARSAFRI B FALFEASCAK ("o 3w ) FTIFRISCHF. sys.stdin,

sys.stdout DA io.StringIO LM,
TS Ebinary file T RREWS RS F 7 K3t 2 ST

triple-quoted string -- 25 "5 4Fl B REAW = MELXG] S (V) RFHRS () BTE. ENTEDRE
ESERSM A5 ShER TR A AR, 2 2R, ENAVHRETATH NS AR
SR SRR [SAING S, IF BT ARSI AT Joqh (0 AT, TR S SCRY 74 P IR 1 4 )

type -- QK1 AU PusE—A> Python X5 & TAHA M BN REEA —FAL, BHITEXSAETA, ATpA
ViRER __class__ J@M, di2iliil type (obj) KIKHL.

type alias -- JRAUHH, —IU[E SR, B AURHEIRAURIE AR5 E PR RAT
KA A VR R i 2 3w o il

4

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

] DA SR Ry e

Color = tuplel[int, int, int]

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

Z W, typing Hl PEP 484 HAA%f I Ih e 40 o
type hint -- MR annotation A5 @M. BREINIE S S0R MHETE & R R 283,

RAERJE T AR, Python AESKAEHE, (FHAIXH AR THAEIEM , FF A IDE B A
b SE .

SRR JIR IR B KA AT AGE I typing. get_type_hints () RG], {HJRHAL
AR

ZIL typing fll PEP 484, HAA Xt eI RERY HEAR 4 o
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universal newlines -- W4T —FPfFE SCARY T2, REDA R BFE RSB R A ATAE RARE : Unix (4745
L5 ' \n" . Windows {25 *\r\n" A IFR Macintosh F205% *\x ', %I PEP 278 il PEP 3116
Fl bytes.splitlines () TfEHEZ L.

variable annotation -- 28 51 fiR XA B B M annotation
TEARYEAR Sl SR MR, 6 T PR A LI (A :

class C:
field: 'annotation'

A EAREE BN R 23 - BIANAN AR B int JERUAY(H:

count: int = 0
AR BRI VEYR RN R WL annassign —{7
%% function annotation, PEP 484 1 PEP 526, H Xt LB EEA R4k

virtual environment -- E{ IR — R IMER PR B 24T 3REE, A Python [ PR R A £ 0
F+4% Python 43 &AL AN 232 A — R 4 Lz g HAh Python I FHREFF AT M

HZ venv,

virtual machine -- JESIHL — & 58 4 8 o 50 0F & AT L. Python FE AL AT $047 7 5 55 4% %k 2 BT A= i
H)bytecode.

Zen of Python -- Python 2 fifi %] Python % it RN 524, G BTHM S HXFES . AAEHEKN
HOHERZ PR P import this”,
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APPENDIX B

i A

KSR A reStructured Text JF3CRY, f Sphinx  (—A4~% 12 Python SUR{S ISR NAS) B

ARSCRRTE B T RAEER I %58 4o G R S8 iy, XN Python AR By —#%, WIS SR, 53
reporting-bugs AN S5 . FATREI WCUH ) G BEE |

s it -
* Fred L. Drake, Jr., 3% 7 HT 51 Python SCRY) T HAE, PARIRS T IEE 21308
 Docutils # {4 W H, f)72 7T reStructuredText X 7A#% 1 Docutils # £ {4:;
* Fredrik Lundh, Sphinx MAif#] Alternative Python Reference i H 1 3k45 TR L 1148 .

B.1 Python L#&FmiE

AARZ X Python 157, Python FifE A Python SURA TTHRAY A, Bl Python JEACHY K A7 1) Misc/ACKS 3L
T TR

AT Python 4L X Y5 ARITIHK, Python 44 1 AN H €5 B ST - I AA1T !
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apPENDIX C

7 B FiF AT

C.1 zR#pImE

Python H fif 22§ FI T AR 9224 (CWI, I https://www.cwinl/ ) f#) Guido van Rossum - 1990 4E Y,
W, fER—TT0M ABC [iEF AU . R4 Python 345 T2 5k B HAB AW 5THk, Guido {52 H &
BEH .

1995 4E, Guido 7 #2 Je WNHY E Z A 5T 22 &) (CNRI, I, https://www.cnri.reston.va.us/ ) #4247 Python
ERTTAE, IR A T 2 AU

2000 4£ 71 H, Guido FI Python #.00FF & 41 BA %4 %] BeOpen.com £ 7 T BeOpen PythonLabs [\ . [F4E1 H ,
PythonLabs [#]BA%% F| Digital Creations (¥} & Zope Corporation; [, https://www.zope.org/). 2001 4£, Python #x{4:
H 42y (PSF, I https://www.python.org/psf/) 57, X &A% A4 Python AH S AT AU A1 @ iy 75
221, Zope Corporation FI{E & PSF [ B i i1 .

JI A7 ) Python BAEZITRR) (A KIFURHYE L2 https://opensource.org/ ). P I, #iKZ % Python Jii
AJe GPLARA ) TREL T RANOL .

XfhRA | RE F EE GPL#%?
09.0% 1.2 | n/a 1991-1995 | CWI =
13215212 1995-1999 | CNRI 7=
1.6 1.52 2000 CNRI &
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI %
2.1 2.0+1.6.1 | 2001 PSF o
2.0.1 2.0+1.6.1 | 2001 PSF P
2.1.1 2.1+2.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2=
22 GEE | 201 2001 %% | PSF =

{Efi: GPL #A T AR M Python £ GPL N k1. 5 GPL AJa], Frf Python ¥4 Al AR FL &4 R 1B MG
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A, T JC T TR T A Sk . GPL AR A T IE (15 Python R PAS HVETE GPL R & AT HIAF45 & B ;
HHERFAHENATT .

PR ZAE Guido $55 F TAERSMNTEIEE , MG LE 2 A8 vl fE .

C.2 FRERE LAH B E A Python Bk FOF ¢

Python 541 SCRYS A 34 v] 35 B PSF 34 5T #0936

M Python 3.8.6 JF4f, SCRE A AYZASBI . AEHE- AU A TR R TR & PSF VR ] PRSURI SR 45 2 BSD +F T HXE
VAT

HL8 40 5 AE Python HHF @I TR VFAT . X LEVF Al & SRR VAT Z N — 21 i . A7 KX 2t
AR SE RS AT S 01 T AR 09 15T 12 5 o 3

C.2.1 FiF PYTHON 3.9.5 fj PSF ¥ E[#pill

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.9.5 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 3.9.5 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2021 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.9.5 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 3.9.5 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
3.9.5.

4. PSF is making Python 3.9.5 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—~OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE

USE OF PYTHON 3.9.5 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.5
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.5, 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 3.9.5, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FHF PYTHON 2.0 #y BEOPEN.COM #F ] il

BEOPEN PYTHON JF5 8 a] M5 1 iR

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

(Rt
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agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 FF PYTHON 1.6.1 g5 CNRI ¥#F o] il

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright

(Fotakss)
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law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 HF PYTHON 0.9.0 Z 1.2 g CWI iF o] Hpi¥

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.5 DOCUMEN-
TATION

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.
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C.3 USRI YT ol 50515
A Python % ATHL LAY S5 =7 BRI U AT RIBCAITT L, AT MR A 23 LRI

C.3.1 Mersenne Twister

_random A E E T http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html F 25 113,
. DA (FFH):

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)
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C3.2 EEx

socket #HH ] getaddrinfo () Ml getnameinfo () REL, XLEpRELTFEIDAE WIDE i H (http:/www.
wide.ad.jp/) Y EAMIE SCHEH

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.33 RLEEFIRS

asynchat fil asyncore BHALE DA R EEHA:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &1

http.cookies Bl &PLFFEH:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 HITERR

trace HHALE AT A

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 5 UUdecode F#h

uu AL DA AR

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML i T ERAH

xmlrpc.client fEHVELEPARAR:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

(Rt
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll A PATR ERE:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BT kqueue [ AL AR FEIH:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 3441 Marek Majkowski’ Xif Dan Bernstein f] SipHash24 VAR5 BEALS DA NS HA:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

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

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c UL T CiHEF ) dtoa Fil strtod p%L, HTHF CiEF AUE BBV FAF R 3E1 745645,
David M. Gay ) [a] 44 SCHIRAE T, Z 304241 n] M http://www.netlib.org/fp/ Fi%. 2009 4£ 3 H 16 Hi 2R F|
PR D SO 15 DA BBUBCRITAAF W] 7 B

/****************************************************************
*

* The author of this software is David M. Gay.
*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

********~k****~k***********~k***********~k*************************/
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C.3.12 OpenSSL

WERBAE RG], W hashlib, posix, ssl, crypt BLER{{Ji] OpenSSL e mithfi. Boh, @M T
Python [f] Windows Fl Mac OS X %32 /7 ] fiE t4f OpenSSL (%45 D, BT DAYE ILALBF1 i T OpenSSL #41]
R 5 DL

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

L T S I S N S S S S N S N S S TS N S S S A e I T S N S S S N
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L T T S N N

SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

L I R SR T S N S IS S S S N S N S N N S S S T S N S N S S I I A

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1.

Redistributions of source code must retain the copyright

notice, this list of conditions and the following disclaimer.
Redistributions in binary form must reproduce the above copyright

notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

Eric Young (eay@cryptsoft.com)"

The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).

If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

(Rt
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THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]

Lo I A T I S S N S

/

C.3.13 expat

BRI ——with-system-expat FLE THE, B pyexpat § ARG M5 expat PRI DAL B

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

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

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

260 Appendix C. 555 0¥ STiE




The Python/C API, %% 3.9.5

C.3.14 libffi

FRARMIN ——with-system-1ibffi WU THE, BN _ctypes ¥ HNE (17 libffi JHEH5 DM E):

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘"Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

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

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

C.3.15 zlib

R ARG EAREIRY 21ib AR IHT ek A, W 55 2lib PG 8 DR 2 1ib 37 J%:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

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

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

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

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu
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C.3.16 cfuhash

tracemalloc {#i M A M S IR AL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

KedE#i ] ——with-system—libmpdec BRE T, G0N _decimal FiHERE 07 libmpdec JFE )% DI
.

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

(Rt
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THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N i EH

test LY CI4N 2.0 i 4E (Lib/test/xmltestdata/cl14n-20/) F2HUH W3C W%k https://www.w3.
org/TR/xml-c14n2-testcases/ AR 3 253 BSD ¥ R]IE & 17

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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EFE

...,233

2to03,233

>>> 233

__all__ (package variable), 40
__dict__ (module attribute), 125
__doc__ (module attribute), 125
_ file_  (module attribute), 125
_ future_ , 237

__import_

[ & & %, 40
_ loader__ (module attribute), 125
__main___

M, 11, 146, 157

__name___ (module attribute), 125

__package___ (module attribute), 125

_ _slots_ ,242

_frozen (C (&), 42

_inittab (C %), 43

_Py_c_diff (C FH#), 89

_Py_c_neg (C H#%), 89

_Py_c_pow (C FH#%), 90

_Py_c_prod (C &%), 89

_Py_c_quot (C &), 89

_Py_c_sum (C FH#), 89

_Py_InitializeMain (C &%), 177

_Py_NoneStruct (C %), 188

_PyBytes_Resize (C &), 92

_PyCFunctionFast (C %), 190

_PyCFunctionFastWithKeywords (C %), 190

_PyFrameEvalFunction (C £%), 155

_PyInterpreterState_GetEvalFrameFunc (C
F%), 155

_PyInterpreterState_SetEvalFrameFunc (C
F40), 155

_PyObject_New (C & %%), 187

_PyObject_NewVar (C &#), 187

_PyTuple_Resize (C %), 114

_thread

A, 152

FHAE
exec_prefix, 4
PATH, 11
prefix, 4
PYTHON*, 145
PYTHONCOERCECLOCALE, 174
PYTHONDEBUG, 144
PYTHONDONTWRITEBYTECODE, 144
PYTHONDUMPREF'S, 200
PYTHONHASHSEED, 145
PYTHONHOME, 11, 145, 149, 150, 170
PYTHONINSPECT, 145
PYTHONIOENCODING, 147
PYTHONLEGACYWINDOWSFSENCODING, 145
PYTHONLEGACYWINDOWSSTDIO, 145
PYTHONMALLOC, 180, 183, 184
PYTHONMALLOCSTATS, 180
PYTHONNOUSERSITE, 145
PYTHONOLDPARSER, 172
PYTHONOPTIMIZE, 145
PYTHONPATH, 11, 145, 171
PYTHONUNBUFFERED, 146
PYTHONUTEFS, 174
PYTHONVERBOSE, 146

A

abort (), 39
abs
[EE & %, 66
abstract base class -- #£ 3%, 233
allocfunc (C £#), 223
annotation -- JEf##, 233
argument —-— 5}%{, 233
argv (in module sys), 149

ascii
[EE &%, 59
asynchronous context manager -— +# ¥ L
T X & #3234
asynchronous generator -- ¥ 4 j £, 234
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asynchronous generator iterator —- #

&k A R, 234

asynchronous iterable —-- 3 7% R Xt £,

234

asynchronous iterator -- R ¥R E, 234

attribute —-- B, 234
awaitable -- T 444,234

B

BDFL, 234
binary file -- 34| X, 234
binaryfunc (C £#&), 224
buffer interface
(see buffer protocol),72
buffer object
(see buffer protocol),72
buffer protocol, 72
builtins
Mk, 11, 146, 157
bytearray
X, 92
bytecode -- F¥ 7,234
bytes
)& & %, 59
4,91
bytes—1like object —- F¥WEX%,234

C

callback —- [, 235
calloc (), 179
Capsule
T4, 134
C-contiguous, 75, 235
class —— 2£,235
class variable —- X% &, 235
classmethod
[E)E & %, 191
cleanup functions,40
close () (in module 0s), 157
CO_FUTURE_DIVISION (C %), 19
code object, 123
coercion —— BRH| KR A 235
compile
B E &%, 41
complex number
X, 89
complex number —- & #%,235

CPython, 235
create_module (C %), 128

D

decorator —-— /i, 235
descrgetfunc (C (&), 224
descriptor —- R, 235
descrsetfunc (C (&), 224
destructor (C (), 223

dictionary
%%, 116
dictionary -- 4,236
dictionary comprehension -- ¥ # 3 & &,
236

dictionary view —-- FHAE, 236
divmod

[E)E & %, 66
docstring - XHEFEHE, 236
duck-typing —- #F %A 236

E

EAFP, 236

EOFError (built-in exception), 124
exc_info () (in module sys), 10
exec_module (C &%), 128
exec_prefix, 4

executable (in module sys), 148
exit (), 40

expression —- FikH, 236
extension module —-- ¥ Bk, 236

F

f-string —- f-F4 %, 236
file
T4, 123
file object ——- XHxt%,236
file-like object —-- X4, 236
finder —- #H# &, 236
float
[EE &%, 68
floating point
X4, 88
floor division -- [ FEER %, 236
Fortran contiguous, 75,235
free (), 179
freefunc (C %(#), 223
freeze utility,43

context manager —— ETFX&IHEE, 235 frozenset

context variable -- FTFXZ#,235 %, 119

contiguous, 75 function

contiguous —-- ##r,235 £, 120

copyright (in module sys), 149 function -- H#, 236

coroutine -- {#E, 235 function annotation -- & #ARiE, 237
coroutine function -— P& &%, 235
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G

garbage collection -- X f[FEik, 237

generator, 237

generator -- 4 R, 237

generator expression, 237

generator expression —-- 4 K EEFRHKA, 237

generator iterator —- A gk R E, 237

generic function -- A &%, 237

generic type —- RHEA 237

getattrfunc (C £#&), 224

getattrofunc (C £M), 224

getbufferproc (C £#), 224

getiterfunc (C £#), 224

GIL, 237

global interpreter lock, 150

global interpreter lock —-— 4 BB &4,
237

F{

hash
[EE % %, 60, 204
hash-based pyc —- £F%B%HW pyc, 238
hashable —-- ¥[¥% %, 238
hashfunc (C X&), 224

IDLE, 238

immutable -- R 7%, 238
import path -- & AK4%, 238
importer —— § A £, 238
importing —- §A, 238
incr_item(), 10, 11

initproc (C £#®), 224
inquiry (C (%), 229
instancemethod

x4, 121
[EZ & %, 68

integer
R, 85
interactive
interpreted
interpreter
interpreter

int

-- X 7F,238

—— EAL, 238

lock, 150

shutdown —-- @B & %M, 238
iterable —- F# A%, 238

iterator —— # R, 238

iternextfunc (C £%), 224

K

key function -- #&#, 239
KeyboardInterrupt (built-in exception), 29
keyword argument —- *%#F%¥, 239

L

lambda, 239
LBYL, 239
len
[FE % %, 60, 68, 70, 115, 118, 120
lenfunc (C £#&), 224
list
w4115
list —— F|%,239
list comprehension -- %Xkt 5=, 239
loader —— fn# %, 239
lock, interpreter, 150
long integer
X%, 85

LONG_MAX, 86

M
magic

method, 239
magic method -- JEARJ ik, 239
main (), 147, 149
malloc (), 179
mapping

4,116
mapping —— B4, 239
memoryview

T4, 133
meta path finder —- THAEEHKE, 239
metaclass -- 02K, 239
METH_CLASS (& % %), 191
METH_COEXIST (EJ& % %), 191
METH_FASTCALL (B % % ), 191
METH_NOARGS ([ % %), 191
METH_O (& &), 191
METH_STATIC (EJE %), 191
METH_VARARGS (] & % %), 190
method

magic, 239

special, 243

4,122
method -- ¥ ¥, 239
method resolution order —- 7 3 # R 7,

239

MethodType (in module types), 120, 122
module

search path, 11, 146, 148

T4, 125
module —— 240
module spec —-— R A, 240
modules (in module sys), 40, 146
ModuleType (in module types), 125
MRO, 240
mutable —-- T4, 240

e ]
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N

named tuple -- E &G4, 240
namespace —— %4 &[], 240
namespace package -- 4% % [E 4, 240
nested scope —- @k%ﬁ/}?)ﬂﬁi, 240
new-style class -- #a.2, 240
newfunc (C (&), 224
None

Xt 4., 85

numeric

&, 85
@)

object

code, 123
object —— Xt#£,240
objobjargproc (C £7A), 224
objobijproc (C £7A), 224
OverflowError (built-in exception), 86, 87

P

package -— 4,240
package variable

_all_ .40
parameter —— H &, 240
PATH, 11
path

module search, 11, 146, 148
path (in module sys), 11, 146, 148
path based finder —-- ETBAEHERE, 241
path entry —- B#&AH,241
path entry finder —— BEHEN B EHKE, 241
path entry hook -- H&ENH4HF, 241
path-like object —- BR&EXZ,241
PEP, 241
platform (in module sys), 148

portion —-- #4241
positional argument —— L& 5%, 241
pow

[ & %, 66, 67
prefix, 4
provisional API -- # & API,241
provisional package —-- # FM,242

Py_ABS (C %), 4

Py_AddPendingCall (C &%), 158
Py_AddPendingCall (), 158
Py_AtExit (C k), 40
Py_BEGIN_ALLOW_THREADS, 150
Py_BEGIN_ALLOW_THREADS (C %), 153
Py_BLOCK_THREADS (C %), 154
Py_buffer (C £A), 72
Py_buffer.buf (C & i), 72
Py_buffer.format (C m i), 73

Py_buffer.internal (C s i), 74
Py_buffer.itemsize (C i R), 73
Py_buffer.len (CRR), 73
Py_buffer.ndim (C & i), 73
Py_buffer.obj (C R i), 73
Py_buffer.readonly (C i i), 73
Py_buffer.shape (C i), 73
Py_buffer.strides (C i i), 73
Py_buffer.suboffsets (C i), 73
Py_Buildvalue (C F#k), 50
Py_BytesMain (C &%), 15
Py_BytesWarningFlag (C & &), 144
Py_CHARMASK (C £), 5

Py_CLEAR (C &%), 21
Py_CompileString (C &%), 18
Py_CompileString(), 19
Py_CompileStringExFlags (C &%), 18
Py_CompileStringFlags (C &%%), 18
Py_CompileStringObject (C FH4%), 18
Py_complex (C £#), 89
Py_DebugFlag (C L&), 144
Py_DecodeLocale (C &%), 36
Py_DECREF (C % %%), 21

Py_DECREF (), 6

Py_DEPRECATED (C %), 5
Py_DontWriteBytecodeFlag (C & &), 144
Py_Ellipsis (C T &), 133
Py_EncodeLocale (C &%), 37
Py_END_ALLOW_THREADS, 150
Py_END_ALLOW_THREADS(CU%L154
Py_EndInterpreter (C &%), 157
Py_EnterRecursiveCall (C $4%), 31
Py_eval_input (C &%), 19

Py_Exit (C &), 39
Py_ExitStatusException (C H%k), 165
Py _False (C £%),88
Py_FatalError (C ##k), 39
Py_FatalError (), 149
Py_FdIsInteractive (C &%), 35
Py_file_input (CE &), 19
Py_Finalize (C &), 147
Py_FinalizeEx (C F%k), 146
Py_FinalizeEx (), 40, 146, 157
Py_FrozenFlag (C &%), 144
Py_GenericAlias (C &%), 141
Py_GenericAliasType (C & &), 141
Py_GetArgcArgv (C H), 177
Py_GetBuildInfo (C H##%), 149
Py_GetCompiler (C &%), 149
Py_GetCopyright (C FH#k), 148
Py_GETENV (C &), 5
Py_GetExecPrefix (C &%), 147
Py_GetExecPrefix (), Il
Py_GetPath (C F4%), 148
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Py_GetPath (), 11, 147, 148
Py_GetPlatform (C &), 148
Py_GetPrefix (C &), 147
Py_GetPrefix (), 11
Py_GetProgramFullPath (C FH4%), 148
Py_ GetProgramFullPath() 11
Py_GetProgramName (C &%), 147
Py_GetPythonHome (C %), 150
Py_GetVersion (C &#), 148
Py_HashRandomizationFlag (C & &), 144
Py_IgnoreEnvironmentFlag (C &%), 145
Py_INCREF (C # %), 21
Py_INCREF (), 6
Py_Initialize (C &%), 146
Py_Initialize (), 11, 147,157
Py_InitializeEx (C &%), 146
Py_ InitializeFromConfig C H
Py_InspectFlag (C &), 145
Py_InteractiveFlag (C &%), 145
Py_IS_TYPE (C &%), 188
Py_IsInitialized (C &%), 146
Py_ IsInitialized() 11
Py_IsolatedFlag (C &%), 145
Py_LeaveRecursiveCall (C &%), 32
Py_LegacyWindowsFSEncodingFlag (C % &),
145
Py_LegacyWindowsStdioFlag (C %
Py_Main (C F#0), 15
Py_MAX (C %), 4
Py_MEMBER_SIZE (C %), 5
Py_MIN(C %), 4
Py_mod_create (C %), 128
Py_mod_exec (C %), 128
Py_ NewInterpreter (C &
Py_None (C £ &), 85
Py_NoSiteFlag (C &%), 145
Py_NotImplemented (C % &), 57
Py_ NoUserSlteDlrectory (C T &), 145
Py_OptimizeFlag (C &%), 145
Py_PrelInitialize (C %), 167
Py_PrelnitializeFromArgs (C %), 167
Py_PrelnitializeFromBytesArgs (C&H#), 167
Py_PRINT_RAW, 124
Py_QuietFlag (C T %), 145
Py_REFCNT (C %), 189
Py_ReprEnter (C % %), 32
Py_ReprLeave (C F#k), 32
Py_RETURN_FALSE (C %), 88
Py_RETURN_NONE (C %), 85
Py_RETURN_NOTIMPLEMENTED (C frZ), 57
Py_RETURN_RICHCOMPARE (o 5’[:), 211
Py_RETURN_TRUE (C %), 88
Py_RunMain (C F#4%), 177
Py_SET_REFCNT (C ##k), 189

#0), 173

w), 145

455, 157

Py_SET_SIZE (C &%), 189
Py_SET_TYPE (C %), 189
Py_SetPath (C H%), 148
Py_SetPath(), 148
Py_SetProgramName (C %), 147
Py_SetProgramName (), 11, 146148
Py_SetPythonHome (C H#%), 149
Py_ SetStandardStreamEncoding (C &
Py_single_ 1nput (CT=), 19
Py_SIZE (C %), 189
PY_SSIZE_T_MAX, 87
Py_STRINGIFY (C %), 5
Py_TPFLAGS_BASE_EXC_SUBCLASS ([F & % %),
208
Py_TPFLAGS_BASETYPE ((F & % %), 207
Py_TPFLAGS_BYTES_SUBCLASS (E1& % ), 208
Py_TPFLAGS_DEFAULT (F % &%), 207
Py_TPFLAGS_DICT_SUBCLASS (H]E T &), 208
Py_TPFLAGS_HAVE_FINALIZE (& % %), 208
Py_TPFLAGS_HAVE_GC (B & % %), 207
Py_TPFLAGS_HAVE_VECTORCALL ([F £ % #), 208
Py_TPFLAGS_HEAPTYPE (X % ), 206
Py_TPFLAGS_LIST_SUBCLASS (Bl ¥ % 8), 208
Py_TPFLAGS_LONG_SUBCLASS (H] & & &), 208
Py_TPFLAGS_METHOD_DESCRIPTOR ([} & & %),
207
Py_TPFLAGS_READY ([F] & % %), 207
Py_TPFLAGS_READYING ([F]% % &), 207
Py_TPFLAGS_TUPLE_SUBCLASS (E]& % %), 208
Py_TPFLAGS_TYPE_SUBCLASS ([F & % &), 208
Py_TPFLAGS_UNICODE_SUBCLASS (FE &%), 208
Py_tracefunc (C &%), 159
Py_True (C &%), 88
Py_tss_NEEDS_INIT (C %), 161
Py_tss_t (C £A), 161
Py_TYPE (C %), 188
Py_UCS1 (C %(A), 94
Py_UCS2 (C £A)), 94
Py_UCS4 (C £A)), 94
Py_UNBLOCK_THREADS (C %), 154
Py_UnbufferedStdioFlag (CX
Py_UNICODE (C £#), 94
Py_UNICODE_IS_HIGH_SURROGATE (C %), 97
Py_UNICODE_IS_LOW_SURROGATE (C %), 97
Py_UNICODE_IS_SURROGATE (C %), 97
Py_UNICODE_ISALNUM (C %), 97
Py_UNICODE_ISALPHA (C &%), 96
Py_UNICODE_ISDECIMAL (C &%), 96
Py_UNICODE_ISDIGIT (C H4%), 96
Py_UNICODE_ISLINEBREAK (C %#%), 96
Py_UNICODE_ISLOWER (C &% %%), 96
Py_UNICODE_ISNUMERIC (C #&%%), 96
Py_UNICODE_ISPRINTABLE (C &%), 97
Py_UNICODE_ISSPACE (C &), 96

#), 147

), 145
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Py_UNICODE_ISTITLE (C &%), 96
Py_UNICODE_ISUPPER (C &%), 96
Py_UNICODE_JOIN_SURROGATES (C %), 97
Py_UNICODE_TODECIMAL (C %%k), 97
Py_UNICODE_TODIGIT (C #H4%), 97
Py_UNICODE_TOLOWER (C #4%), 97
Py_UNICODE_TONUMERIC (C &%%), 97
Py_UNICODE_TOTITLE (C &%%%), 97
Py_UNICODE_TOUPPER (C &% %%), 97
Py_UNREACHABLE (C %), 4
Py_UNUSED (C %), 5
Py_VaBuildvValue (C $#%%), 51
PY_VECTORCALL_ARGUMENTS_OFFSET (C %), 62
Py_VerboseFlag (C &%), 146
Py_VISIT (C &), 228
Py_XDECREF (C &%), 21
Py_XDECREF (), 11
Py_XINCREF (C &4%), 21
PyAnySet_Check (C &%), 119
PyAnySet_CheckExact (C %), 119
PyArg_Parse (C &%), 49
PyArg_ParseTuple (C &%), 49
PyArg_ParseTupleAndKeywords (C &%), 49
PyArg_UnpackTuple (C &%), 49
PyArg_ValidateKeywordArguments (C & £%),
49
PyArg_VaParse (C #&#%), 49
PyArg_VaParseTupleAndKeywords (C F#), 49
PyASCIIObject (C £M), 94
PyAsyncMethods (C %), 223
PyAsyncMethods.am_aiter (C s ), 223
PyAsyncMethods.am_anext (C s ), 223
PyAsyncMethods.am_await (C & %), 223
PyBool_Check (C F#%), 88
PyBool_FromLong (C &%), 88
PyBUF_ANY_CONTIGUOUS (C %), 75
PyBUF_C_CONTIGUOUS (C %), 75
PyBUF_CONTIG (C %), 76
PyBUF_CONTIG_RO (C %), 76
PyBUF_F_CONTIGUOUS (C &), 75
PyBUF_FORMAT (C %), 74
PyBUF_FULL (C %), 76
PyBUF_FULL_RO (C &), 76
PyBUF_INDIRECT (C &), 75
PyBUF_ND (C %), 75
PyBUF_RECORDS (C %), 76
PyBUF_RECORDS_RO (C %), 76
PyBUF_SIMPLE (C %), 75
PyBUF_STRIDED (C %), 76
PyBUF_STRIDED_RO (C &), 76
PyBUF_STRIDES (C %), 75
PyBUF_WRITABLE (C %), 74
PyBuffer_ FillContiguousStrides (C & %),
78

PyBuffer_FillInfo (C &%), 78
PyBuffer_ FromContiguous (C &), 78
PyBuffer_GetPointer (C &%), 78
PyBuffer_IsContiguous (C &%), 78
PyBuffer_Release (C &), 77
PyBuffer_SizeFromFormat (C &%), 78
PyBuffer_ToContiguous (C &%), 78
PyBufferProcs, 72
PyBufferProcs (C £ ), 222
PyBufferProcs.bf_getbuffer (C & i), 222
PyBufferProcs.bf_releasebuffer (C m& R),
222
PyByteArray_AS_STRING (C &%), 93
PyByteArray_AsString (C %H#k), 93
PyByteArray_Check (C &%), 93
PyByteArray_CheckExact (C &%), 93
PyByteArray_Concat (C %#%), 93
PyByteArray_FromObject (C &%), 93
PyByteArray_FromStringAndSize (C &#), 93
PyByteArray_ GET_SIZE (C %#%), 93
PyByteArray_Resize (C &#), 93
PyByteArray_Size (C k), 93
PyByteArray_Type (C %), 92
PyByteArrayObject (C (%), 92
PyBytes_AS_STRING (C &%), 92
PyBytes_AsString (C &%), 92
PyBytes_AsStringAndSize (C &), 92
PyBytes_Check (C F#%%), 91
PyBytes_CheckExact (C &%), 91
PyBytes_Concat (C &%), 92
PyBytes_ConcatAndDel (C &%), 92
PyBytes_FromFormat (C &#%), 91
PyBytes_FromFormatV (C &3), 91
PyBytes_FromObject (C H4%), 91
PyBytes_FromString (C &%), 91
PyBytes_FromStringAndSize (C &%), 91
PyBytes_GET_STZE (C &k), 91
PyBytes_Size (C #4%), 91
PyBytes_Type (C L&), 91
PyBytesObject (C £#), 91
PyCallable_Check (C &%), 65
PyCallIter_Check (C &%), 131
PyCallIter_New (C H4%), 131
PyCallIter_Type (C &%), 131
PyCapsule (C £#), 134
PyCapsule_CheckExact (C &%), 134
PyCapsule_Destructor (C (&), 134
PyCapsule_GetContext (C H#), 135
PyCapsule_GetDestructor (C &%), 135
PyCapsule_GetName (C &%), 135
PyCapsule_GetPointer (C &%), 135
PyCapsule_Import (C FH#k), 135
PyCapsule_IsValid (C &%), 135
PyCapsule_New (C &%), 135
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PyCapsule_SetContext (C &%), 135
PyCapsule_SetDestructor (C H#%), 135
PyCapsule_SetName (C &%), 136
PyCapsule_SetPointer (C %), 136
PyCell_Check (C F#k), 122
PyCell_GET (C &%), 122
PyCell_Get (C FHk), 122
PyCell_New (C %), 122
PyCell_SET (C &%), 122
PyCell_set (C k), 122
PyCell_Type (C L&), 122
PyCellObject (C £ A), 122
PyCFunction (C £ %), 189
PyCFunctionWithKeywords (C £4), 189
PyCMethod (C &%), 190
PyCode_Check (C &%), 123
PyCode_GetNumFree (C &), 123
PyCode_New (C k), 123
PyCode_NewEmpty (C &%), 123
PyCode_NewWithPosOnlyArgs (C &#), 123
PyCode_Type (C T &), 123
PyCodec_BackslashReplaceErrors (C & %),
55
PyCodec_Decode (C &), 54
PyCodec_Decoder (C &), 54
PyCodec_Encode (C &), 54
PyCodec_Encoder (C &%), 54
PyCodec_IgnoreErrors (C %), 55
PyCodec_IncrementalDecoder (C F#g), 54
PyCodec_IncrementalEncoder (C &), 54
PyCodec_KnownEncoding (C k), 54
PyCodec_LookupError (C &%), 55
PyCodec_NameReplaceErrors (C H##), 55
PyCodec_Register (C &%), 54
PyCodec_RegisterError (C H3k), 55
PyCodec_ReplaceErrors (C &#), 55
PyCodec_StreamReader (C &%), 54
PyCodec_StreamWriter (C H4), 54
PyCodec_StrictErrors (C k), 55
PyCodec_XMLCharRefReplaceErrors (C & %),
55
PyCodeObject (C £A), 123
PyCompactUnicodeObject (C £ #), 94
PyCompilerFlags (C £#), 19
PyCompilerFlags.cf_feature_version (C &
%), 19
PyCompilerFlags.cf_flags (Cm. i), 19
PyComplex_AsCComplex (C &), 90
PyComplex_Check (C & 4%), 90
PyComplex_CheckExact (C k), 90
PyComplex_FromCComplex (C &), 90
PyComplex_FromDoubles (C &%), 90
PyComplex_ImagAsDouble (C k), 90
PyComplex_RealAsDouble (C #4%), 90

PyComplex_Type (C & %), 90
PyComplexObject (C %), 90
PyConfig (C £A), 168
PyConfig_Clear (C &%), 169
PyConfig_InitIsolatedConfig (C &%), 168
PyConfig InitPythonConfig (C &%), 168
PyConfig_Read (C & #k), 168
PyConfig_SetArgv (C &%), 168
PyConfig_SetBytesArgv (C &%), 168
PyConfig_SetBytesString (C &4k), 168
PyConfig_SetString (C FH4%), 168
PyConfig_SetWideStringList (C &%), 168
PyConfig._use_peg_parser (C & R), 172
PyConfig.argv (C ;& R ), 169
PyConfig.base_exec_prefix (C & i), 169
PyConfig.base_executable (C m i), 169
PyConfig.base_prefix (Cm. i), 169
PyConfig.buffered_stdio (C . R), 169
PyConfig.bytes_warning (C & i), 169
PyConfig.check_hash_pycs_mode (C s ), 169
PyConfig.configure_c_stdio (C & i), 169
PyConfig.dev_mode (C A& ), 170
PyConfig.dump_refs (C & i), 170
PyConfig.exec_prefix (C s i), 170
PyConfig.executable (C & i), 170
PyConfig.faulthandler (C & i), 170
PyConfig.filesystem_encoding (C m i), 170
PyConfig.filesystem_errors (C & 1), 170
PyConfig.hash_seed (C & i), 170
PyConfig.home (C & i), 170
PyConfig.import_time (C s i), 170
PyConfig.inspect (C & 1), 170
PyConfig.install_signal_handlers
), 170

(C A

PyConfig.interactive (C & i), 170
PyConfig.isolated (C & i), 170
PyConfig.legacy_windows_stdio (Crx i), 170
PyConfig.malloc_stats (C i), 171
PyConfig.module_search_paths (C s i), 171
PyConfig.module_search_paths_set (C &

®), 171
PyConfig.optimization_level (Cm i), 171
PyConfig.parse_argv (Ca i), 171
PyConfig.parser_debug (C & i), 171
PyConfig.pathconfig_warnings (Cm i), 171
PyConfig.platlibdir (C s i), 169
PyConfig.prefix (Cm i), 171
PyConfig.program_name (C & i), 171
PyConfig.pycache_prefix (Cm. ), 171
PyConfig.pythonpath_env (C s i), 171
PyConfig.quiet (C & i), 171
PyConfig.run_command (C 5 i), 171
PyConfig.run_filename (C A i), 171
PyConfig.run_module (C s i), 171

e ]
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PyConfig.show_ref_count (C A ), 171
PyConfig.site_import (C . R ), 172
PyConfig.skip_source_first_line (C m R),
172
PyConfig.stdio_encoding (C m i), 172
PyConfig.stdio_errors (C A& i), 172
PyConfig.tracemalloc (Cm. 1), 172
PyConfig.use_environment (C s i), 172
PyConfig.use_hash_seed (C s i), 170
PyConfig.user_site_directory (Cm i), 172
PyConfig.verbose (Cp ), 172
PyConfig.warnoptions (Cm. 1), 172
PyConfig.write_bytecode (C & RN), 172
PyConfig.xoptions (C & 1), 172
PyContext (C £7A), 137
PyContext_CheckExact (C FH#k), 137
PyContext_Copy (C H4%), 137
PyContext_CopyCurrent (C &3k), 137
PyContext_Enter (C &%), 137
PyContext_Exit (C FH#k), 138
PyContext_New (C FH4%), 137
PyContext_Type (C &), 137
PyContextToken (C (%), 137
PyContextToken_CheckExact (C &%), 137
PyContextToken_Type (C &), 137
PyContextVar (C £#), 137
PyContextVar_CheckExact (C &%), 137
PyContextVar_Get (C $%4%), 138
PyContextVar_New (C %4%), 138
PyContextVar_Reset (C FHk), 138
PyContextVar_Set (C %), 138
PyContextVar_Type (C &), 137
PyCoro_CheckExact (C &%), 136
PyCoro_New (C F#%), 136
PyCoro_Type (C L&), 136
PyCoroObject (C £A), 136
PyDate_Check (C &%), 138
PyDate_CheckExact (C &), 138
PyDate_FrombDate (C &%), 139
PyDate_FromTimestamp (C FHk), 141
PyDateTime_Check (C &%), 138
PyDateTime_CheckExact (C FH4%), 138
PyDateTime DATE_GET_HOUR (C &%), 140
PyDateTime DATE_GET_MICROSECOND (C & %),
140
PyDateTime_DATE_GET_MINUTE (C ##%), 140
PyDateTime_DATE_GET_SECOND (C &%), 140
PyDateTime DELTA_GET_DAYS (C H4k), 140
PyDateTime_DELTA_GET_MICROSECONDS (C &
#0), 140
PyDateTime_DELTA_GET_SECONDS (C & 4%), 140
PyDateTime_FromDateAndTime (C %#%), 139
PyDateTime_FromDateAndTimeAndFold (C &
#), 139

PyDateTime_FromTimestamp (C &4%), 141
PyDateTime_GET_DAY (C &%), 140
PyDateTime_GET_MONTH (C &%), 140
PyDateTime_GET_YEAR (C &%), 140
PyDateTime_TIME_GET_HOUR (C &%), 140
PyDateTime_TIME_GET_MICROSECOND (C & %),
140
PyDateTime_TIME_GET_MINUTE (C ##k), 140
PyDateTime_TIME_GET_SECOND (C & 4%), 140
PyDateTime_TimeZone_UTC (C & %), 138
PyDelta_Check (C H4%), 139
PyDelta_CheckExact (C FH#%), 139
PyDelta_FromDSU (C &%), 139
PyDescr_IsData (C FH#), 131
PyDescr_NewClassMethod (C &%), 131
PyDescr_NewGetSet (C &), 131
PyDescr_NewMember (C F£%), 131
PyDescr_NewMethod (C ##%), 131
PyDescr_NewWrapper (C F4%), 131
PyDict_Check (C &%), 116
PyDict_CheckExact (C &), 116
PyDict_Clear (C &%), 117
PyDict_Contains (C F#k), 117
PyDict_Copy (C k), 117
PyDict_DelTtem (C &%), 117
PyDict_DelItemString (C &%), 117
PyDict_GetItem (C F#k), 117
PyDict_GetItemString (C &%), 117
PyDict_GetItemWithError (C Hik), 117
PyDict_Ttems (C &%), 117
PyDict_Keys (C &%), 117
PyDict_Merge (C &%), 118
PyDict_MergeFromSeq2 (C &%), 118
PyDict_New (C &%), 116
PyDict_Next (C F#k), 118
PyDict_SetDefault (C &%), 117
PyDict_SetItem (C &%), 117
PyDict_SetItemString (C &%), 117
PyDict_Size (C &%), 118
PyDict_Type (C £ %), 116
PyDict_Update (C ##%), 118
PyDict_values (C &%), 118
PyDictObject (C (), 116
PyDictProxy_New (C &%), 117
PyDoc_STR (C %), 5
PyDoc_STRVAR (C %), 5
PyErr_BadArgument (C &%), 24
PyErr_BadInternalCall (C %4%), 26
PyErr_CheckSignals (C #4%), 29
PyErr_Clear (C &%), 23
PyErr_Clear(),9,11
PyErr_ExceptionMatches (C k), 27
PyErr_ExceptionMatches (), 11
PyErr_Fetch (C &%), 27
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PyErr_Format (C #4%), 24
PyErr_FormatV (C &#), 24
PyErr_GetExcInfo (C %), 28
PyErr_GivenExceptionMatches (C &4%), 27
PyErr_NewException (C &%), 29
PyErr_NewExceptionWithDoc (C &%), 29
PyErr_NoMemory (C FH#k), 24
PyErr_NormalizeException (C &%), 28
PyErr_Occurred (C &), 27
PyErr_Occurred(),9
PyErr_Print (C &%), 24
PyErr_PrintEx (C H4%), 23
PyErr_ResourceWarning (C &), 27
PyErr_Restore (C H#%), 28
PyErr_SetExcFromWindowsErr (C &%), 25

PyErr_SetExcFromWindowsErrWithFilename

(C &%), 25

PyEval_GetBuiltins (C &%), 53
PyEval_GetFrame (C %4%), 53
PyEval_GetFuncDesc (C &), 54
PyEval_GetFuncName (C %), 53
PyEval_GetGlobals (C $#), 53
PyEval_GetLocals (C #4%), 53
PyEval_InitThreads (C F##%), 152
PyEval_InitThreads (), 146
PyEval_MergeCompilerFlags (C &%), 19
PyEval_ReleaseLock (C &%), 156
PyEval_ReleaseThread (C #4%), 156
PyEval_ReleaseThread(), 152
PyEval_RestoreThread (C #%%k), 152
PyEval_RestoreThread (), 150, 152
PyEval_SaveThread (C &%), 152
PyEval_SaveThread(), 150, 152
PyEval_SetProfile (C &), 160

PyErr_SetExcFromWindowsErrWithFilenameObBgEtral_SetTrace (C H%), 160

(C &), 25

PyEval_ThreadsInitialized (C &%), 152

PyErr_SetExcFromWindowsErrWithFilenameObBgEks_ArithmeticError, 32

(C &%), 25
PyErr_SetExcInfo (C FHk), 28
PyErr_SetFromErrno (C FH#), 24

PyErr_SetFromErrnoWithFilename (C & #),

25

PyErr_SetFromErrnoWithFilenameObject (C

FH), 24

PyErr_SetFromErrnoWithFilenameObjects

(C &%), 25
PyErr_SetFromWindowsErr (C &#), 25
PyErr_SetFromWindowsErrWithFilename

#3%), 25
PyErr_SetImportError (C &%), 25

PyErr_SetImportErrorSubclass (C &%), 26

PyErr_SetInterrupt (C H4), 29
PyErr_SetNone (C &%), 24
PyErr_SetObject (C k), 24
PyErr_SetString (C &%), 24
PyErr_SetString (), 9
PyErr_SyntaxLocation (C k), 26
PyErr_SyntaxLocationEx (C %), 26
PyErr_SyntaxLocationObject (C F%%), 26
PyErr_WarnEx (C &%), 26
PyErr_WarnExplicit (C FH#k), 26
PyErr_WarnExplicitObject (C &%), 26
PyErr_WarnFormat (C FH#k), 27
PyErr_WriteUnraisable (C H4%), 24
PyEval_AcquireLock (C FH4), 156
PyEval_AcquireThread (C &%), 156
PyEval_AcquireThread(), 152
PyEval_EvalCode (C &), 18
PyEval_EvalCodeEx (C &%%), 18
PyEval_EvalFrame (C F#%), 19
PyEval_EvalFrameEx (C F4%), 19

PyExc_AssertionError, 32
PyExc_AttributeError, 32
PyExc_BaseException, 32
PyExc_BlockingIOError, 32
PyExc_BrokenPipeError, 32
PyExc_BufferError, 32
PyExc_BytesWarning, 34
PyExc_ChildProcessError, 32
PyExc_ConnectionAbortedError, 32
PyExc_ConnectionError, 32
PyExc_ConnectionRefusedError, 32
PyExc_ConnectionResetError, 32
PyExc_DeprecationWarning, 34
PyExc_EnvironmentError, 33
PyExc_EOFError, 32
PyExc_Exception, 32
PyExc_FileExistsError, 32
PyExc_FileNotFoundError, 32
PyExc_FloatingPointError, 32
PyExc_FutureWarning, 34
PyExc_GeneratorExit, 32
PyExc_ImportError, 32
PyExc_ImportWarning, 34
PyExc_IndentationError, 32
PyExc_IndexError, 32
PyExc_InterruptedError, 32
PyExc_IOError, 33
PyExc_IsADirectoryError, 32
PyExc_KeyboardInterrupt, 32
PyExc_KeyError, 32
PyExc_LookupError, 32
PyExc_MemoryError, 32
PyExc_ModuleNotFoundError, 32
PyExc_NameError, 32
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PyExc_NotADirectoryError, 32
PyExc_NotImplementedError, 32
PyExc_OSError, 32
PyExc_OverflowError, 32
PyExc_PendingDeprecationWarning, 34
PyExc_PermissionError, 32
PyExc_ProcessLookupError, 32
PyExc_RecursionError, 32
PyExc_ReferenceError, 32
PyExc_ResourceWarning, 34
PyExc_RuntimeError, 32
PyExc_RuntimeWarning, 34
PyExc_StopAsyncIteration, 32
PyExc_StopIteration, 32
PyExc_SyntaxError, 32
PyExc_SyntaxWarning, 34
PyExc_SystemError, 32
PyExc_SystemExit, 32
PyExc_TabError, 32
PyExc_TimeoutError, 32
PyExc_TypeError, 32
PyExc_UnboundLocalError, 32
PyExc_UnicodeDecodeError, 32
PyExc_UnicodeEncodeError, 32
PyExc_UnicodeError, 32
PyExc_UnicodeTranslateError, 32
PyExc_UnicodeWarning, 34
PyExc_UserWarning, 34
PyExc_ValueError, 32
PyExc_Warning, 34
PyExc_WindowsError, 33
PyExc_ZeroDivisionError, 32
PyException_GetCause (C H4%), 30
PyException_GetContext (C &), 30
PyException_GetTraceback (C %4%), 30
PyException_SetCause (C k), 30
PyException_SetContext (C F#), 30
PyException_SetTraceback (C #4%), 30
PyFile_FromFd (C F#), 123
PyFile_GetLine (C &), 124
PyFile_SetOpenCodeHook (C H#k), 124
PyFile_WriteObject (C &%), 124
PyFile _WriteString (C &%), 124
PyFloat_AS_DOUBLE (C &), 89
PyFloat_AsDouble (C FH#%), 89
PyFloat_Check (C #%k), 88
PyFloat_CheckExact (C H4%), 88
PyFloat_FromDouble (C F#4%), 88
PyFloat_FromString (C F4%), 88
PyFloat_GetInfo (C &%), 89
PyFloat_GetMax (C & k), 89
PyFloat_GetMin (C FH#), 89
PyFloat_Type (C &%), 88
PyFloatObject (C £7), 88

PyFrame_GetBack (C &%), 53
PyFrame_GetCode (C %4k), 53
PyFrame_GetLineNumber (C & #%), 53
PyFrameObject (C £7#), 18
PyFrozenSet_Check (C &), 119
PyFrozenSet_CheckExact (C F4%), 119
PyFrozenSet_New (C #4%), 119
PyFrozenSet_Type (C &), 119
PyFunction_Check (C &%), 120
PyFunction_GetAnnotations (C &%), 121
PyFunction_GetClosure (C &), 121
PyFunction_GetCode (C H4%), 121
PyFunction_GetDefaults (C &), 121
PyFunction_GetGlobals (C &%), 121
PyFunction_GetModule (C &%), 121
PyFunction_New (C #4%), 120
PyFunction_NewWithQualName (C %4%), 120
PyFunction_SetAnnotations (C &%), 121
PyFunction_SetClosure (C %4%), 121
PyFunction_SetDefaults (C &%), 121
PyFunction_Type (C L&), 120
PyFunctionObject (C (&), 120
PyGen_Check (C &%), 136
PyGen_CheckExact (C FH#), 136
PyGen_New (C &), 136
PyGen_NewWithQualName (C &%), 136
PyGen_Type (C &%), 136
PyGenObject (C (%), 136
PyGetSetDef (C %£7), 193
PyGILState_Check (C &), 153
PyGILState_Ensure (C &%), 153
PyGILState_GetThisThreadState (C &), 153
PyGILState_Release (C FH4%), 153
PyImport_AddModule (C &%), 41
PyImport_AddModuleObject (C FH#k), 41
PyImport_AppendInittab (C F4), 43
PyImport_ExecCodeModule (C ##k), 41
PyImport_ExecCodeModuleEx (C &%), 41
PyImport_ExecCodeModuleObject (C &#%), 41
PyImport_ExecCodeModuleWithPathnames (C
), 42
PyImport_ExtendInittab (C ##k), 43
PyImport_FrozenModules (C L&), 43
PyImport_GetImporter (C &), 42
PyImport_GetMagicNumber (C F#k), 42
PyImport_GetMagicTag (C k), 42
PyImport_GetModule (C %), 42
PyImport_GetModuleDict (C &), 42
PyImport_Import (C &#), 41
PyImport_ImportFrozenModule (C &%), 42
PyImport_ImportFrozenModuleObject (C &
%), 42
PyTmport_TmportModule (C &%), 40
PyImport_ImportModuleEx (C &%), 40
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PyImport_ImportModulelLevel (C %), 40
PyImport_ImportModulelLevelObject (C &
%), 40
PyImport_ImportModuleNoBlock (C &%), 40
PyImport_ReloadModule (C #H4%), 41
PyIndex_Check (C &%), 68
PyInstanceMethod_Check (C k), 121
PyInstanceMethod_Function (C &%), 121
PyInstanceMethod_GET_FUNCTION (C &%), 121
PyInstanceMethod_New (C %), 121
PyInstanceMethod_Type (C & &), 121
PyInterpreterState (C £A), 152
PyInterpreterState_Clear (C &H#%), 154
PyInterpreterState_Delete (C &), 154
PyInterpreterState_Get (C FH#), 155
PyInterpreterState_GetDict (C &%), 155
PyInterpreterState_GetID (C H#k), 155
PyInterpreterState_Head (C &%), 160
PyInterpreterState_Main (C %H%%), 160
PyInterpreterState_New (C &%), 154
PyInterpreterState_Next (C &%), 160
PyInterpreterState_ThreadHead (C &), 160
PyIter_Check (C FH#k), 71
PyIter_Next (C %), 71
PyList_Append (C F%k), 116
PyList_AsTuple (C &#k), 116
PyList_Check (C H4%), 115
PyList_CheckExact (C &%), 115
PyList_GET_ITEM (C &%), 115
PyList_GET_SIZE (C &%), 115
PyList_GetItem (C &), 115
PyList_GetItem(),8
PyList_GetSlice (C &), 116
PyList_Insert (C %%k), 116
PyList_New (C &%), 115
PyList_Reverse (C &4%), 116
PyList_SET_ITEM (C %), 116
PyList_SetItem (C k), 115
PyList_SetItem(),7
PyList_SetSlice (C &%), 116
PyList_Size (C &%), 115
PyList_Sort (C &%), 116
PyList_Type (C T &), 115
PyListObject (C £), 115
PyLong_AsDouble (C &%), 88
PyLong_AsLong (C #%k), 86
PyLong_AsLongAndOverflow (C F#k), 86
PyLong_AsLongLong (C & #%), 86
PyLong_AsLongLongAndOverflow (C &), 86
PyLong_AsSize_t (C &%), 87
PyLong_AsSsize_t (C &%), 87
PyLong_AsUnsignedLong (C & %%), 87
PyLong_AsUnsignedLongLong (C &%), 87
PyLong_AsUnsignedLongLongMask (C &%), 87

PyLong_AsUnsignedLongMask (C &%), 87
PyLong_AsVoidPtr (C k), 88
PyLong_Check (C &%), 85
PyLong_CheckExact (C &%), 85
PyLong_FromDouble (C & #), 85
PyLong_FromLong (C &%), 85
PyLong_FromLongLong (C &#), 85
PyLong_FromSize_t (C &%), 85
PyLong_FromSsize_t (C %#%), 85
PyLong_FromString (C &%), 86
PyLong_FromUnicode (C #4%), 86
PyLong_FromUnicodeObject (C F4k), 86
PyLong_FromUnsignedLong (C #4%), 85
PyLong_FromUnsignedLongLong (C &%), 85
PyLong_FromVoidPtr (C %), 86
PyLong_Type (C T &), 85
PyLongObject (C &), 85
PyMapping_Check (C &%), 70
PyMapping_DelItem (C &%), 70
PyMapping_DelltemString (C &%), 70
PyMapping_GetItemString (C &%), 70
PyMapping_HasKey (C FH4%), 70
PyMapping_HasKeyString (C &%), 71
PyMapping_Items (C &#), 71
PyMapping_Keys (C & k), 71
PyMapping_Length (C &%), 70
PyMapping_SetItemString (C k), 70
PyMapping_Size (C &), 70
PyMapping_Values (C &%), 71
PyMappingMethods (C £ %), 220
PyMappingMethods.mp_ass_subscript (C %
®), 220
PyMappingMethods.mp_length (C & i), 220
PyMappingMethods.mp_subscript (C i), 220
PyMarshal_ReadLastObjectFromFile (C &
#), 44
PyMarshal_ReadLongFromFile (C &%), 44
PyMarshal_ReadObjectFromFile (C #4%), 44
PyMarshal_ReadObjectFromString (C & %),
44
PyMarshal_ ReadShortFromFile (C &%), 44
PyMarshal_WriteLongToFile (C &#%), 43
PyMarshal_WriteObjectToFile (C &%), 43
PyMarshal_ WriteObjectToString (C &%), 44
PyMem_Calloc (C F#k), 181
PyMem_Del (C %), 181
PYMEM_DOMAIN_MEM (C 9‘;), 184
PYMEM_DOMAIN_OBJ (C f), 184
PYMEM_DOMAIN_RAW (C 9‘2), 183
PyMem_Free (C %4k), 181
PyMem_GetAllocator (C &%), 184
PyMem Malloc (C %), 181
PyMem_New (C % 4%), 181
PyMem_RawCalloc (C &%), 180
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PyMem_RawFree (C F#4%), 180
PyMem_RawMalloc (C F#), 180
PyMem_RawRealloc (C F#k), 180
PyMem_Realloc (C &%), 181
PyMem_Resize (C &#), 181
PyMem_SetAllocator (C &%), 184
PyMem_SetupDebugHooks (C #k), 184
PyMemAllocatorDomain (C (%), 183
PyMemAllocatorEx (C % 7#), 183
PyMemberDef (C &), 192
PyMemoryView_Check (C FH4%), 133
PyMemoryView_FromBuffer (C %#%), 133
PyMemoryView_FromMemory (C %), 133
PyMemoryView_FromObject (C F#k), 133
PyMemoryView_GET_BASE (C &), 133
PyMemoryView GET_BUFFER (C %%k, 133
PyMemoryView_GetContiguous (C FH4k), 133
PyMethod_Check (C &%), 122
PyMethod_Function (C &%), 122
PyMethod_GET_FUNCTION (C %), 122
PyMethod_GET_SELF (C &%), 122
PyMethod_New (C F4%), 122
PyMethod_Self (C k), 122
PyMethod_Type (C £ &), 122
PyMethodDef (C £#), 190
PyModule_AddFunctions (C F#k), 129
PyModule_AddIntConstant (C &%), 130
PyModule_AddIntMacro (C % 4%), 130
PyModule_AddObject (C &%), 129
PyModule_AddStringConstant (C &%), 130
PyModule_AddStringMacro (C &%), 130
PyModule_AddType (C &%), 130
PyModule_Check (C #4%), 125
PyModule_CheckExact (C &%), 125
PyModule_Create (C &%), 127
PyModule_Create2 (C &%), 127
PyModule_ExecDef (C &4%), 129
PyModule_FromDefAndSpec (C &##), 129
PyModule_FromDefAndSpec2 (C FH4%), 129
PyModule_GetDef (C &%), 125
PyModule_GetDict (C &), 125
PyModule_GetFilename (C &%), 125
PyModule_GetFilenameObject (C FHk), 125
PyModule_GetName (C FH4%), 125
PyModule_GetNameObject (C &%), 125
PyModule_GetState (C &), 125
PyModule_New (C &%), 125
PyModule_NewObject (C & #%), 125
PyModule_SetDocString (C &3), 129
PyModule_Type (C &%), 125
PyModuleDef (C £#), 126
PyModuleDef_Init (C F#k), 128
PyModuleDef_Slot (C X)), 128
PyModuleDef_Slot.slot (C A i), 128

PyModuleDef_Slot.value (C 5 i), 128
PyModuleDef.m_base (C & Rt ), 126
PyModuleDef.m_clear (C s i), 126
PyModuleDef .m_doc (C i i), 126
PyModuleDef.m_free (C & i), 127
PyModuleDef.m_methods (C & it ), 126
PyModuleDef.m_name (C A& i), 126
PyModuleDef.m_reload (C & i), 126
PyModuleDef.m_size (C & i), 126
PyModuleDef.m_slots (C & i), 126
PyModuleDef.m_traverse (Cr. ), 126
PyNumber_Absolute (C H#%), 66
PyNumber_Add (C F#k), 66
PyNumber_And (C k), 67
PyNumber_AsSsize_t (C F%%), 68
PyNumber_Check (C &%), 66
PyNumber_Divmod (C F#k), 66
PyNumber_Float (C &%), 68
PyNumber_FloorDivide (C &%), 66
PyNumber_Index (C F4), 68
PyNumber_InPlaceAdd (C k), 67
PyNumber_InPlaceAnd (C &%), 68
PyNumber_InPlaceFloorDivide (C &%), 67
PyNumber_InPlaceLshift (C &%), 67
PyNumber_InPlaceMatrixMultiply (C & %),
67
PyNumber_InPlaceMultiply (C H%), 67
PyNumber_InPlaceOr (C %), 68
PyNumber_InPlacePower (C F#f), 67
PyNumber_InPlaceRemainder (C k), 67
PyNumber_InPlaceRshift (C F%k), 67
PyNumber_InPlaceSubtract (C ##k), 67
PyNumber_InPlaceTrueDivide (C &%), 67
PyNumber_InPlaceXor (C &), 68
PyNumber_Invert (C &%), 66
PyNumber_Long (C #%k), 68
PyNumber_Lshift (C &%), 66
PyNumber_MatrixMultiply (C &%), 66
PyNumber_Multiply (C &%), 66
PyNumber_Negative (C &), 66
PyNumber_Or (C &%), 67
PyNumber_Positive (C &%), 66
PyNumber_Power (C &), 66
PyNumber_Remainder (C F4%), 66
PyNumber_Rshift (C &%), 67
PyNumber_Subtract (C &%), 66
PyNumber_ToBase (C &%), 68
PyNumber_TrueDivide (C &%), 66
PyNumber_Xor (C &%), 67
PyNumberMethods (C £#), 218
PyNumberMethods.nb_absolute (C s i), 219
PyNumberMethods.nb_add (C & i), 219
PyNumberMethods.nb_and (C & R ), 220
PyNumberMethods.nb_bool (C & 1), 219
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PyNumberMethods
PyNumberMethods
PyNumberMethods
220
PyNumberMethods
PyNumberMethods
220
PyNumberMethods
220
PyNumberMethods.nb_inplace_floor_divide
(C A 3), 220
PyNumberMethods.nb_inplace_lshift (C xX
), 220

.nb_divmod (C i i), 219
.nb_float (C M ), 220
.nb_floor_divide (C & i),

.nb_index (C m 1), 220
.nb_inplace_add (C rx i),

.nb_inplace_and (C & R),

PyObject_Call (C FH4%), 63
PyObject_CallFunction (C &), 64
PyObject_CallFunctionObjArgs (C k), 64
PyObject_CallMethod (C &%), 64
PyObject_CallMethodNoArgs (C &#k), 64
PyObject_CallMethodObjArgs (C F4%), 64
PyObject_CallMethodOneArqg (C k), 64
PyObject_CallNoArgs (C %4%), 63
PyObject_CallObject (C &%), 64
PyObject_Calloc (C ##%), 182
PyObject_CallOneArg (C &), 63
PyObject_CheckBuffer (C &%), 77
PyObject_CheckReadBuffer (C FH#k), 79

PyNumberMethods.nb_inplace_matrix_multipRyObject_Del (C %#%), 187

(C A 3), 220
PyNumberMethods.nb_inplace_multiply (C

AR, 220
PyNumberMethods.nb_inplace_or (C i), 220
PyNumberMethods.nb_inplace_power (C xX

n), 220
PyNumberMethods.nb_inplace_remainder (C

AR, 220
PyNumberMethods.nb_inplace_rshift (C xX

n), 220
PyNumberMethods.nb_inplace_subtract (C

&), 220

PyNumberMethods.nb_inplace_true_divide
(C . 3), 220
PyNumberMethods.nb_inplace_xor (C m R),
220
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
), 220
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
220
PyNumberMethods.nb_xor (C s i ), 220
PyObject (C £7A), 188
PyObject_AsCharBuffer (C FH4%), 78
PyObject_ASCII (C &#k), 59
PyObject_AsFileDescriptor (C &%), 124
PyObject_AsReadBuffer (C &#), 79
PyObject_AsWriteBuffer (C &), 79
PyObject_Bytes (C FH k), 59

.nb_int (C A& R), 220
.nb_invert (C & i), 219
.nb_1shift (C & %), 220
.nb_matrix_multiply (C &

.nb_multiply (C & i), 219
.nb_negative (C & i), 219
.nb_or (Cm. 1), 220
.nb_positive (C & R), 219
.nb_power (C & %), 219
.nb_remainder (C p. i), 219
.nb_reserved (C & 1), 220
.nb_rshift (C & i), 220
.nb_subtract (C & R), 219
.nb_true_divide (C & i),

PyObject_DelAttr (C H#%), 58
PyObject_DelAttrString (C F3%), 58
PyObject_DelItem (C FH#L), 60
PyObject_Dir (C F#k), 60
PyObject_Free (C FH%k), 182
PyObject_GC_Del (C &%), 228
PyObject_GC_IsFinalized (C $4%), 228
PyObiject_GC_IsTracked (C %), 228
PyObject_GC_New (C F#k), 227
PyObject_GC_NewVar (C &%), 227
PyObject_GC_Resize (C &%), 227
PyObject_GC_Track (C &%), 228
PyObject_GC_UnTrack (C F %), 228
PyObject_GenericGetAttr (C H#k), 58
PyObject_GenericGetDict (C F%k), 58
PyObject_GenericSetAttr (C %), 58
PyObject_GenericSetDict (C F%k), 58
PyObject_GetArenalAllocator (C %4%), 185
PyObject_GetAttr (C FH#%), 58
PyObject_GetAttrString (C #%k), 58
PyObject_GetBuffer (C &%), 77
PyObject_GetItem (C Fi%k), 60
PyObject_GetIter (C H#k), 61
PyObject_HasAttr (C &%), 57
PyObject_HasAttrString (C F#4%), 57
PyObject_Hash (C F%k), 60
PyObject_HashNotImplemented (C #%%), 60
PyObject_HEAD (C %), 188
PyObject_HEAD_INIT (C %), 189
PyObject_Init (C F#k), 187
PyObject_InitVar (C %), 187
PyObject_IS_GC (C &%), 228
PyObject_IsInstance (C &%), 59
PyObject_IsSubclass (C &%), 59
PyObject_IsTrue (C &), 60
PyObject_Length (C &%), 60
PyObject_LengthHint (C &%%), 60
PyObject_Malloc (C &%), 182
PyObject_New (C F#k), 187
PyObject_NewVar (C F4%), 187
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PyObject_Not (C F#k), 60
PyObject._ob_next (C & 1), 200
PyObject._ob_prev (C & 1), 200
PyObject_Print (C &%), 57
PyObject_Realloc (C &%), 182
PyObject_Repr (C &%), 59
PyObject_RichCompare (C k), 58
PyObject_RichCompareBool (C k), 59
PyObject_SetArenaAllocator (C FH4), 185
PyObject_SetAttr (C H4%), 58
PyObject_SetAttrString (C &%), 58
PyObject_SetItem (C FH#k), 60
PyObject_Size (C #k), 60
PyObject_Str (C &%), 59
PyObject_Type (C & k), 60
PyObject_TypeCheck (C FH#%), 60
PyObject_VAR_HEAD (C %), 188
PyObject_Vectorcall (C &4%), 65
PyObject_VectorcallDict (C &4%), 65
PyObject_VectorcallMethod (C &%), 65
PyObjectArenaAllocator (C £7A), 185
PyObject.ob_refcnt (C i), 200
PyObject.ob_type (C 5 R ), 201
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