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#define PY_SSIZE_T_CLEAN
#include <Python.h>

XERE AL FFRESL S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERAH).
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It is recommended to always define PY_SSIZE_T_CLEAN before including Python . h. See A 47 5 #3214
¢ = for a description of this macro.

Python.h s SCAY AR Fa] WAAFR (Ph 38 SR ESK SCPRRTE LRIRAL ) BRI RIZR Py B0 _Py. DA
_Py kB B (it Python SCHLNFERGE IR, ARG a5 & (T o S5 A B 4 PRI DR B RTEHL

{Ef#:  User code should never define names that begin with Py or _Py. This confuses the reader, and jeopardizes
the portability of the user code to future Python versions, which may define additional names beginning with one of
these prefixes.

S 2 5 Python —#t 27388 fE Unix |, BN T LA N H ¥ :prefix/include/pythonversion/
M exec_prefix/include/pythonversion/, HH prefix ] exec_prefix &M [a] Python [1)
configure HIANE AR IE S E X, T version WK '$d.%d' % sys.version_info[:2]. fF
Windows |, L343 T prefix/include, HH prefix j& W ZRERET 5 e L% H %,

B, R E S (W TR) #BECERET F dm it gn i S8 R KA . T R/ H FA
BRIERZRGMA #include <pythonX.Y/Python.h>; XFEHEZFE4IFEATH, KA prefix
TTEIKN L R EAS K H exec_prefix MFET& L.

C++ users should note that although the API is defined entirely using C, the header files properly declare the entry
points to be extern "C". As a result, there is no need to do anything special to use the API from C++.

1.3 FHME

Python SKSC{FHE UT — 28547 IR R 2 R AESEIE E AT 180 M b5 € SCH) (BN Py_RETURN_NONE),
A TE 38 A A L. X BT BRI AN e — e RS R .

Py_UNREACHABLE ()
XA T AFEARAE — AT B i S AR B AR . flan, 24— switch i&a) 9 g il GERY
HHERC MY case FAIEE T, M HAAE default: FajH. SARIER A FANLE—A
assert (0) 8{ abort () V&M BHH AT DA XA,

3.7 B RE.

Py_ABS (x)
R[] x [ XHE .

3.3 Bl Hise.

Py_MIN (X, y)
RIE % iy 4R ME .
3.3 Bl e

Py_MAX (X,y)
R = Fly MR .

3.3 B fE.

Py_STRINGIFY (x)
¥ x ok C E4FE . Bl Py_STRINGIFY (123) i&[H] "123",

3.4 i NRE.

Py_MEMBER_SIZE (type, member)
IR ZER (type) member R/, PAFEFTFRAR.
3.6 FriIRE.

Py_CHARMASK (c)

SN [-128, 127] B [0, 255 i Bl N I FAF BB . XA 20 ¢ s il #45h unsigned
char iR,
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Py_GETENV (s)
Like getenv(s), but returns NULL if -E was passed on the command line (i.e. if
Py_IgnoreEnvironmentFlag is set).

Py_UNUSED (arg)
XA T bR B SO R T S 50 DA R 1R 2R 2, I PyObject* func (PyObject
*Py_UNUSED (ignored) ),
3.4 FriR e

PyDoc_STRVAR (name, Str)
Creates a variable with name name that can be used in docstrings. If Python is built without docstrings, the
value will be empty.

Use PyDoc_ STRVAR for docstrings to support building Python without docstrings, as specified in PEP 7.
N E

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

static PyMethodDef deque_methods[] = {
VY2
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
VIR

PyDoc_STR (str)
Creates a docstring for the given input string or an empty string if docstrings are disabled.

Use PyDoc_ STR in specifying docstrings to support building Python without docstrings, as specified in PEP
7.

vl

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

1.4 &R, E£RFS|ATHE

KZH Python/C API REERE — M ZNSEPA R — A Pyobject * KRR ME . BERALE—ANFRET,
TR FR—AMT R Python XA BEHEHREI., dTFERSERET (B 1F IR 2450
%33 Python &= #ERA AR RERY 7 U ALFETAT Python X4 2828 PRI E AT —AN B C RE Sk 5 12
REHW . JLFFrA Python XF R EMAEAEHE I ARG SR H—A~Pyobject KA H A SESAE &,
HAPyobject * BABUHEEAS BT AR AR . ME—R 14N type XF52; BT AT Gk AN e REAL
FrPAVEN T RSPy TypeObject X4,

FirA Python Xi}42 (#L % Python 3%5) #HSA —1 type Fll—-> reference count, ¥4 2B B BT 4255
BTG (A%, IRk Foe SCREG IS Z, 4 types HTA ) o XFFHE AP RIS 8, #G—
N ERKGER G R BT HIEL Flan, 24 (HALY) a FregixT 42 Python 51 %} PyList_Check (a)
HE.
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1.4.1 S|V

The reference count is important because today’s computers have a finite (and often severely limited) memory size; it
counts how many different places there are that have a reference to an object. Such a place could be another object, or
a global (or static) C variable, or a local variable in some C function. When an object’s reference count becomes zero,
the object is deallocated. If it contains references to other objects, their reference count is decremented. Those other
objects may be deallocated in turn, if this decrement makes their reference count become zero, and so on. (There’s
an obvious problem with objects that reference each other here; for now, the solution is “don’t do that.”)

Reference counts are always manipulated explicitly. The normal way is to use the macro Py_ TNCREF () to increment
an object’s reference count by one, and Py_ DECREF () to decrement it by one. The Py_DECREF () macro is
considerably more complex than the incref one, since it must check whether the reference count becomes zero and then
cause the object’s deallocator to be called. The deallocator is a function pointer contained in the object’s type structure.
The type-specific deallocator takes care of decrementing the reference counts for other objects contained in the object
if this is a compound object type, such as a list, as well as performing any additional finalization that’s needed. There’s
no chance that the reference count can overflow; at least as many bits are used to hold the reference count as there
are distinct memory locations in virtual memory (assuming sizeof (Py_ssize_t) >= sizeof (void¥*)).
Thus, the reference count increment is a simple operation.

It is not necessary to increment an object’s reference count for every local variable that contains a pointer to an object.
In theory, the object’s reference count goes up by one when the variable is made to point to it and it goes down by
one when the variable goes out of scope. However, these two cancel each other out, so at the end the reference count
hasn’t changed. The only real reason to use the reference count is to prevent the object from being deallocated as long
as our variable is pointing to it. If we know that there is at least one other reference to the object that lives at least as
long as our variable, there is no need to increment the reference count temporarily. An important situation where this
arises is in objects that are passed as arguments to C functions in an extension module that are called from Python;
the call mechanism guarantees to hold a reference to every argument for the duration of the call.

However, a common pitfall is to extract an object from a list and hold on to it for a while without incrementing its
reference count. Some other operation might conceivably remove the object from the list, decrementing its reference
count and possible deallocating it. The real danger is that innocent-looking operations may invoke arbitrary Python
code which could do this; there is a code path which allows control to flow back to the user from a Py DECREF (),
so almost any operation is potentially dangerous.

A safe approach is to always use the generic operations (functions whose name begins with PyObject_,
PyNumber_, PySequence_ or PyMapping_). These operations always increment the reference count of the
object they return. This leaves the caller with the responsibility to call Py DECREF () when they are done with the
result; this soon becomes second nature.

Reference Count Details

The reference count behavior of functions in the Python/C API is best explained in terms of ownership of references.
Ownership pertains to references, never to objects (objects are not owned: they are always shared). "Owning a
reference” means being responsible for calling Py_ DECREF on it when the reference is no longer needed. Ownership
can also be transferred, meaning that the code that receives ownership of the reference then becomes responsible for
eventually 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):

6 Chapter 1. i
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PyObject *t;

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem
PyTuple_SetItem

3)i

t, 0, PyLong_FromLong (lL));

t, 1, PyLong_FromLong(2L));

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

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

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

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

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

PyObject *tuple, *list;

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

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

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

Py_ssize_t i, n;

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

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

return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
t
Py_DECREF (index) ;
3

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) doesnt enter into it! Thus, if you

14. K. RBMS| At 7
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extract an item from a list using PyList_Get Item (), you don’t own the reference --- but if you obtain the same
item from the same list using PySequence_GetItem () (which happens to take exactly the same arguments),
you do own a reference to the returned object.

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

long

sum_list (PyObject *list)

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

return total;

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

}

return total;

8 Chapter 1. i
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1.4.2 %5

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

1.5 %

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

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

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

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

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

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

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

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

Here is the corresponding C code, in all its glory:

1.5. B&E 9
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int

incr_item (PyObject *dict, PyObject *key)

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item);

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

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

10 Chapter 1. i
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1.6 #& A Python

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

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

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

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

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

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

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

1.7 RidHaE

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

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

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

B T AIE AT T RORZ AL, eI T A T B M A -
o BOMS ARSI BT G 3 Bl -
o BRONRS ARF AN 2 SR AT AR AN iR 2 o
* Downcasts from wide types to narrow types are checked for loss of information.
s FZWE YIRS MB IR G LI F . Jioh, RAEMNRAUE test_c_api () ks
o ININE A SR e B A A B HE SR B
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o B E M TCRAA ARG BE RG], AR RAIR AR 5 | 1
o INIRIZ IR ERANBS M) S AR A 2 R B s A TIN H
 Extra checks are added to the memory arena implementation.
o TSI S 2R
X HUAT RESCA R B B G A

Defining Py_TRACE_REF'S enables reference tracing. When defined, a circular doubly linked list of active objects
is maintained by adding two extra fields to every PyObject. Total allocations are tracked as well. Upon exit,
all existing references are printed. (In interactive mode this happens after every statement run by the interpreter.)
Implied by Py_DEBUG.

AHREELZFMEE, HSH Python JEA L Misc/SpecialBuilds.txt .
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CHAPTER 3

The Very High Level Layer

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

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

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

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

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

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

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

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

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

15
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int PyRun_SimpleString (const char *command)
This is a simplified interface to PyRun_SimpleStringFlags () below, leaving the
PyCompilerFlags* argument set to NULL.

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

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

int PyRun_SimpleFile (FILE *fp, const char *filename)
This is a simplified interface to PyRun_SimpleFileExFlags () below, leaving closeit set to 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 re-
turns.

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

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

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

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

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

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

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

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

The result must be a string allocated by PyMem RawMalloc () or PyMem RawRealloc (), or NULL if
an error occurred.
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T 3.4 f ¥ 2 The result must be allocated by PyMem RawMalloc () or PyMem RawRealloc (),
instead of being allocated by PyMem Malloc () or PyMem_Realloc ().

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

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

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

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

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

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

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

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

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

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

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

set to NULL.

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

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

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)

17
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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 RE.

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 . £sdecode () ).

3.2 B RE.

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

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

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

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

PyObject* PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. This is the main, unvarnished function of Python interpretation. It is literally
2000 lines long. The code object associated with the execution frame f is executed, interpreting bytecode and
executing calls as needed. The additional throwflag parameter can mostly be ignored - if true, then it causes
an exception to immediately be thrown; this is used for the throw () methods of generator objects.

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

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
This function changes the flags of the current evaluation frame, and returns true on success, false on failure.

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

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

int Py_single_input
The start symbol from the Python grammar for a single statement; for use with Py_CompileString ().
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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 *flagsisNULL, cf_flags is treated as equal to 0, and any modifica-
tiondue to from __ future_  import is discarded.

struct PyCompilerFlags {
int cf_flags;
}

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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CHAPTER D
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The functions described in this chapter will let you handle and raise Python exceptions. It is important to understand
some of the basics of Python exception handling. It works somewhat like the POSIX errno variable: there is a
global indicator (per thread) of the last error that occurred. Most C API functions don’t clear this on success, but will
set it to indicate the cause of the error on failure. Most C API functions also return an error indicator, usually NULL
if they are supposed to return a pointer, or -1 if they return an integer (exception: the PyArg_* () functions return
1 for success and O for failure).

Concretely, the error indicator consists of three object pointers: the exception’s type, the exception’s value, and the
traceback object. Any of those pointers can be NULL if non-set (although some combinations are forbidden, for
example you can’t have a non-NULL traceback if the exception type is NULL).

When a function must fail because some function it called failed, it generally doesn’t set the error indicator; the
function it called already set it. It is responsible for either handling the error and clearing the exception or returning
after cleaning up any resources it holds (such as object references or memory allocations); it should rot continue
normally if it is not prepared to handle the error. If returning due to an error, it is important to indicate to the caller
that an error has been set. If the error is not handled or carefully propagated, additional calls into the Python/C API
may not behave as intended and may fail in mysterious ways.

{Efit:  The error indicator is not the result of sys.exc_info (). The former corresponds to an exception that
is not yet caught (and is therefore still propagating), while the latter returns an exception after it is caught (and has
therefore stopped propagating).

5.1 Printing and clearing

void PyErr_Clear ()
Clear the error indicator. If the error indicator is not set, there is no effect.

void PyErr_PrintEx (int set_sys_last_vars)
Print a standard traceback to sy s . st derr and clear the error indicator. Unless the errorisa SystemExit.
In that case the no traceback is printed and Python process will exit with the error code specified by the
SystemEx1it instance.

Call this function only when the error indicator is set. Otherwise it will cause a fatal error!

If set_sys_last_vars is nonzero, the variables sys.last_type, sys.last_value and sys.
last_traceback will be set to the type, value and traceback of the printed exception, respectively.
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void PyErr_Print ()
Alias for PyErr_PrintEx (1).

void PyErr_ WriteUnraisable (PyObject *obj)
This utility function prints a warning message to sys.stderr when an exception has been set but it is
impossible for the interpreter to actually raise the exception. It is used, for example, when an exception occurs
inan__del__ () method.

The function is called with a single argument obj that identifies the context in which the unraisable exception
occurred. If possible, the repr of obj will be printed in the warning message.

An exception must be set when calling this function.

5.2 mthHw

These functions help you set the current thread’s error indicator. For convenience, some of these functions will always
return a NULL pointer for use in a return statement.

void PyErr_SetString (PyObject *type, const char *message)
This is the most common way to set the error indicator. The first argument specifies the exception type; it is
normally one of the standard exceptions, e.g. PyExc_Runt imeError. Youneed notincrement its reference
count. The second argument is an error message; it is decoded from 'ut £-8’.

void PyErr_SetObject (PyObject *type, PyObject *value)
This function is similar to PyErr SetString () but lets you specify an arbitrary Python object for the
“value” of the exception.

PyObject* PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. This function sets the error indicator and returns NULL. exception should be a
Python exception class. The format and subsequent parameters help format the error message; they have the
same meaning and values as in PyUnicode_FromFormat (). format is an ASCII-encoded string.

PyObject* PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. Same as PyErr_Format (), but taking a va_1ist argument rather than a
variable number of arguments.

3.5 B fE.

void PyErr_SetNone (PyObject *type)
This is a shorthand for PyErr_SetObject (type, Py_None).

int PyErr_BadArgument ()
This is a shorthand for PyErr_SetString (PyExc_TypeError, message), where message indi-
cates that a built-in operation was invoked with an illegal argument. It is mostly for internal use.

PyObject* PyErr_ NoMemory ()
Return value: Always NULL. This is a shorthand for PyErr_SetNone (PyExc_MemoryError) ; it re-
turns NULL so an object allocation function can write return PyErr_NoMemory () ; when it runs out
of memory.

PyObject* PyErr_SetFromErrno (PyObject *type)

Return value: Always NULL. This is a convenience function to raise an exception when a C library function
has returned an error and set the C variable errno. It constructs a tuple object whose first item is the integer
errno value and whose second item is the corresponding error message (gotten from strerror ()), and
then calls PyErr_SetObject (type, object). On Unix, whenthe errno value is EINTR, indicating
an interrupted system call, this calls PyErr CheckSignals (), and if that set the error indicator, leaves it
set to that. The function always returns NULL, so a wrapper function around a system call can write return
PyErr_SetFromErrno (type) ; when the system call returns an error.

PyObject* PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameOb-

Jject)
Return value: Always NULL. Similar to PyErr_SetFromErrno (), with the additional behavior that if
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filenameObject is not NULL, it is passed to the constructor of #ype as a third parameter. In the case of OSError
exception, this is used to define the £ilename attribute of the exception instance.

PyObject* PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameOb-

Jject, PyObject *filenameObject2)
Return value: Always NULL. Similar to PyErr_SetFromErrnoWithFilenameObject (), but takes
a second filename object, for raising errors when a function that takes two filenames fails.

3.4 BRI HE.

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. Similar to PyErr_SetFromErrnoWithFilenameObject (), but the
filename is given as a C string. filename is decoded from the filesystem encoding (os . fsdecode ()).

PyObject* PyErr_SetFromWindowsErr (int ierr)
Return value: Always NULL. This is a convenience function to raise WindowsError. If called
with ierr of 0, the error code returned by a call to GetLastError () is used instead. It calls the
Win32 function FormatMessage () to retrieve the Windows description of error code given by ierr
or GetLastError (), then it constructs a tuple object whose first item is the ierr value and whose
second item is the corresponding error message (gotten from FormatMessage ()), and then calls
PyErr_SetObject (PyExc_WindowsError, object). This function always returns NULL.

B] H 4 Windows,

PyObject* PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value: Always NULL. Similar to PyErr_SetFromWindowsErr (), with an additional parameter
specifying the exception type to be raised.

B] F 4 Windows .,

PyObject* PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value: Always NULL. Similarto PyErr_SetFromWindowsErrWithFilenameObject (), but
the filename is given as a C string. filename is decoded from the filesystem encoding (os . fsdecode () ).

|] H M Windows .,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, Py-

Object *filename)
Return value: Always NULL. Similar to PyErr_SetFromWindowsErrWithFilenameObject (),
with an additional parameter specifying the exception type to be raised.

w] 4 Windows,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr,
PyObject *filename, PyOb-
Ject *filename?2)
Return value: Always NULL. Similarto PyErr_SetExcFromWindowsErrWithFilenameObject (),
but accepts a second filename object.

w] H M Windows,
3.4 B ge.

PyObject* PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const

char *filename)
Return value: Always NULL. Similar to PyErr_SetFromWindowsErriWithFilename (), with an ad-

ditional parameter specifying the exception type to be raised.
|] M Windows .,

PyObject* PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. This is a convenience function to raise ImportError. msg will be set as the
exception’s message string. name and path, both of which can be NULL, will be set as the ImportError’s
respective name and path attributes.

3.3 B fE.
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void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
Set file, line, and offset information for the current exception. If the current exceptionisnota SyntaxError,
then it sets additional attributes, which make the exception printing subsystem think the exception is a
SyntaxError.

3.4 B

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
Like PyErr_SyntaxLocationObject (), but filename is a byte string decoded from the filesystem
encoding (os . fsdecode ()).

3.2 B .

void PyErr_SyntaxLocation (const char *filename, int lineno)
Like PyErr_SyntaxLocationEx (), but the col_offset parameter is omitted.

void PyErr_BadInternalCall ()
This is a shorthand for PyErr_SetString (PyExc_SystemError, message), where message in-
dicates that an internal operation (e.g. a Python/C API function) was invoked with an illegal argument. It is
mostly for internal use.

5.3 Issuing warnings

Use these functions to issue warnings from C code. They mirror similar functions exported by the Python warnings
module. They normally print a warning message to sys.stderr; however, it is also possible that the user has specified
that warnings are to be turned into errors, and in that case they will raise an exception. It is also possible that the
functions raise an exception because of a problem with the warning machinery. The return value is O if no exception
is raised, or —1 if an exception is raised. (It is not possible to determine whether a warning message is actually
printed, nor what the reason is for the exception; this is intentional.) If an exception is raised, the caller should do its
normal exception handling (for example, Py DECREF () owned references and return an error value).

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Issue a warning message. The category argument is a warning category (see below) or NULL; the message
argument is a UTF-8 encoded string. stack_level is a positive number giving a number of stack frames; the
warning will be issued from the currently executing line of code in that stack frame. A stack_level of 1 is the
function calling PyEr»_ WarnEx (), 2 is the function above that, and so forth.

Warning categories must be subclasses of PyExc_Warning; PyExc_Warning is a subclass of
PyExc_Exception; the default warning category is PyExc_RuntimeWarning. The standard Python
warning categories are available as global variables whose names are enumerated at 47/ 42 5 71

For information about warning control, see the documentation for the warnings module and the —~W option
in the command line documentation. There is no C API for warning control.

PyObject* PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)
Return value: Always NULL. Much like PyErr_Set ImportError () but this function allows for specify-
ing a subclass of ImportError to raise.

3.6 B fE.

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

3.4 B RE.

int PyErr_ WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno,
const char *module, PyObject *registry)
Similarto PyErr_WarnExplicitObject () except that message and module are UTF-8 encoded strings,
and filename is decoded from the filesystem encoding (os . £sdecode ()).
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int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Function similar to PyErr_WarnEx (), but use PyUnicode_FromFormat () to format the warning
message. format is an ASCII-encoded string.

3.2 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 HIIgE.

5.4 Querying the error indicator

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

{Efft: 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.

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

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

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

PyErr_Restore (type, value, traceback);

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

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

{Efi#:  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.

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

3.3 BRI HE.

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

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

3.3 B fE.

5.5 Signal Handling

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 SIGINT signal arriving. The next time PyErr CheckSignals () is called, the
Python signal handler for STGINT will be called.
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If SIGINT isn’t handled by Python (it was set to signal.SIG_DFLor signal.SIG_IGN), this function
does nothing.

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

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

TE 3.5 fiREE PR On Windows, the function now also supports socket handles.

5.6 Exception Classes

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. Same as PyErr NewException (), except that the new exception class can
easily be given a docstring: If doc is non-NULL, it will be used as the docstring for the exception class.

3.2 B .

5.7 Exception Objects

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

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Set the traceback associated with the exception to th. Use Py_None to clear it.

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

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

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

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

__suppress_context__ is implicitly set to True by this function.
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5.8 Unicode Exception Objects

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

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

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

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

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

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

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

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

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

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

PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. Return the encoding attribute of the given exception object.

PyObject* PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject* PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Return the object attribute of the given exception object.

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
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. Return the reason attribute of the given exception object.

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

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

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

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 stringsuchas " in instance check" tobe concatenated to the RecursionError
message caused by the recursion depth limit.

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

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

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

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

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

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

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

510 IFESE

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

C &k Python Z#R R
PyExc_BaseException BaseException @))
PyExc_Exception Exception (1)
PyExc_ArithmeticError ArithmeticError @))
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError
PyExc_ChildProcessError ChildProcessError
PyExc_ConnectionAbortedError | ConnectionAbortedError
TTI4RE:
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R1-ZIW

C &R Python Z#R TR

PyExc_ConnectionError ConnectionError

PyExc_ConnectionRefusedError | ConnectionRefusedError

PyExc_ConnectionResetError ConnectionResetError

PyExc_EOFError EOFError

PyExc_FileExistsError FileExistsError

PyExc_FileNotFoundError FileNotFoundError

PyExc_FloatingPointError FloatingPointError

PyExc_GeneratorExit GeneratorExit

PyExc_ImportError ImportError

PyExc_IndentationError IndentationError

PyExc_IndexError IndexError

PyExc_InterruptedError InterruptedError

PyExc_IsADirectoryError IsADirectoryError

PyExc_KeyError KeyError

PyExc_KeyboardInterrupt KeyboardInterrupt

PyExc_LookupError LookupError Q)

PyExc_MemoryError MemoryError

PyExc_ModuleNotFoundError ModuleNotFoundError

PyExc_NameError NameError

PyExc_NotADirectoryError NotADirectoryError

PyExc_NotImplementedError NotImplementedError

PyExc_OSError OSError (D)

PyExc_OverflowError OverflowError

PyExc_PermissionError PermissionError

PyExc_ProcessLookupError ProcessLookupError

PyExc_RecursionError RecursionError

PyExc_ReferenceError ReferenceError 2)

PyExc_RuntimeError RuntimeError

PyExc_StopAsyncIteration StopAsyncIteration

PyExc_StopIteration StopIteration

PyExc_SyntaxError SyntaxError

PyExc_SystemError SystemError

PyExc_SystemExit SystemExit

PyExc_TabError TabError

PyExc_TimeoutError TimeoutError

PyExc_TypeError TypeError

PyExc_UnboundLocalError UnboundLocalError

PyExc_UnicodeDecodeError UnicodeDecodeError

PyExc_UnicodeEncodeError UnicodeEncodeError

PyExc_UnicodeError UnicodeError

PyExc_UnicodeTranslateError UnicodeTranslateError

PyExc_ValueError ValueError

PyExc_ZeroDivisionError ZeroDivisionError
33 Ok I e 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 MHUI N PEP 3151.
3.5 #ifIfE: PyExc_StopAsyncIteration fll PyExc_RecursionError.
3.6 FRIEE: PyExc_ModuleNotFoundError.

XL R4 PyExc_OSError:
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C & TR
PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError 3)

1E 3.3 LI G S008I 09 20 B S A
R
(1) BERIBIRER R

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

defined.

5.11 FREEE S

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

the variables:

C &R Python %R iR
PyExc_Warning Warning (1)
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 FRIBE: PyExc_ResourceWarning.
LR
(1) X2 HA bR 2 2

5.11. HREEEAS
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6.1 RIERFHER

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

3.6 BRI HE.

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

void PyOS_BeforeFork ()

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

3.7 FrR I HE.

void PyOS_AfterFork_Parent ()
Function to update some internal state after a process fork. This should be called from the parent process after
calling fork () or any similar function that clones the current process, regardless of whether process cloning
was successful. Only available on systems where fork () is defined.

3.7 BRI HE.

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.

3.7 B RE.
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S

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

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

3.7 5 EL #8048 This function is superseded by Py0S_AfterFork_Child().

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

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

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

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

Encoding, highest priority to lowest priority:
e UTF-8 ¥£ macOS # Android F;
e UTF-8 if the Python UTF-8 mode is enabled;

* ASCIT if the LC_CTYPE locale is "C", nl1_langinfo (CODESET) returns the ASCII encoding
(or an alias), and mbstowcs () and westombs () functions uses the 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, *size is set to
(size_t) -1 on memory error or set to (size_t) -2 on decoding error.

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

The PyUnicode_DecodeFSDefaultAndSize () and PyUnicode_DecodeLocaleAndSize ()
functions.

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

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

Encoding, highest priority to lowest priority:
e UTF-8 ¥E macOS # Android F;
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e UTF-8 if the Python UTF-8 mode is enabled;

* ASCIT if the LC_CTYPE locale is "C", nl1_langinfo (CODESET) returns the ASCII encoding
(or an alias), and mbstowcs () and westombs () functions uses the 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_posissetto (size_t) —1 onsuccess, 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.
JE 3.7 iR B P The function now uses the UTF-8 encoding in the UTF-8 mode.

S W

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

T 3.7 iR 5 ¥ : The function now supports the UTF-8 mode.

6.2 Z4iThEE

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

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

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

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

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

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

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

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

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

format should limit the total size of the formatted output string to 1000 bytes or less -- after 1000 bytes, the
output string is truncated. In particular, this means that no unrestricted ”%s” formats should occur; these should
be limited using ”%.<N>s” where <N> is a decimal number calculated so that <N> plus the maximum size of
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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 B .

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

3.2 B fE.

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_Tnitialize ().

3.2 B fE.

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

3.2 B fE.

6.3 TRl

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

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

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

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

PyObject* PyImport_ImportModule (const char *name)

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

R X BR AR A

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

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

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

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

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

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

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

3.3 B fE.

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

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

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

ZRAUE R B R AR T

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

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

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

3.3 B fE.

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

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

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

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

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

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

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

Seealso Py Import_ExecCodeModuleEx () and Py Import_ExecCodeModulelWithPathnames ().

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

é%ﬂPyImport_ExecCodeModuleWi thPathnames (),

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

3.3 BRI HE.

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

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

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

3.2 BRI HE.

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

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

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

3.2 BRI HE.

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

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

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

3.7 B fE.

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

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

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

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

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

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

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

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

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

bi

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

int PyImport_AppendInittab (const char *name, PyObject* (¥initfunc)(void))
Add a single module to the existing table of built-in modules. This is a convenience wrapper around
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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 en-
coded string. Programs which embed Python may use an array of these structures in conjunction with
PyImport_ExtendInittab () to provide additional built-in modules. The structure is defined in
Include/import.h as:

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

bi

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

6.5 B marshal IR{EX#F

XLEBIFE R C AUIHALEE S marshal BB AR R BOA% P81 A0 5 o JH by 28 o 50mT AR5
P EAXFPIIAR S, 75— L s U T IR SO R Xl o T marshal Bdf i SR A 25 A — 308
AT I

P AEAEAF A I 2 R S R T T ETT 3K

PR S PR R ds A 565 O UM g SRS, 26 1 AR A SO A 1] marshal AR 3L [E 1LY
TR . 5 2 BRSO B kA% . Py_MARSHAL_VERSION 8] T 41 sCFAz (2470
WEA 2)

void PyMarshal_WriteLongToFile (long value, FILE *ﬁle int version)

F— Long BEL value DA marshal ¥R E A file. X6 HE A value FAKH) 32 i TLIEANL long
KA K BEAIA o version $5 B SRR IR AR .

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
R¢—A~ Python X4 value P\ marshal 425 A file. version 5] SCHAE I A .

PyObject* PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. 1&[0]—A05 value 1) marshal ZER R FTERER S . version $5H] 30
MR RRAS <

PAF BB VF RO LA it marshal A% ) {E
long PyMarshal_ReadLongFromFile (FILE *file)

MITH TR FILE* X B AR B4 C long. ] BLeR B BEIEE 32 i ME, Toit
A Long AWK BEafa]

KRR, R S 24 SRR (EOFError) HaR [ ~1,

int PyMarshal_ReadShortFromFile (FILE *file)
MITFFH FEEBUY) FILE* AXT R Bl —4~ C short. UL e % EEE 16 (i ME, Toit
AL short HYRBEANT.

FAEAR AT, R S 4 R (EOFError) HaRE ~1,

PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. N\FT I T32BUHY) FILE* 1%} B B3R 7 1% [l —4> Python X142,

KAFEARE, R EE S R (EOFError, ValueError B TypeError) iR [F] NULL,
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PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. N\FT T T 5B FILE* 1% B0 i 1% [B]l — 4~ Python X} 4. AIA]
FPyMarshal_ ReadObjectFromFile (), HWEREIREFABFMIZ CAHEECE 20005, i
FE SRR AR b E A A, DA S 21 AL A2 v] DATE P A7 P B 80H b B T AN 2 B U M SC s
BT A 240 0 AN 2 FEA ST B ] Y 28 B mI A e K

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

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

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

6.6 BITSHHLBELE

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

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

6.6.1 BEITS#

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

FHBNZFX

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

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

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

BRAER AU, S K EASAS AR .

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

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

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

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

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

s# (str, Hifbytes-like object) [const char *, int or Py_ssize_t] 4§ s*, B T EANEZG TS, 45
RAEMEMA CAsmd, B2 n C EARNEE, SR EMKE. FRRTRet &
AW null 5275 . Unicode XA 'ut £-8" HililiL bl C F4FH .

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

z* (str, bytes-like object or None) [Py_buffer] 5 s* Z5{tl, {H Python X} t0 ] §E°H None, FEXFiE it
N, Py_buffer £ buf IR E N NULL,

z# (str, Hifkbytes-like object B, None) [const char *, int or Py_ssize_t] 5 s# 250, {H Python %f4:
AREN None, FEXFMEL T, C 484K E A NULL,
y (read-only bytes-like object) [const char *] X /IR ARG — A IEFATLR BN LA — 8 [ FAF R 1)

C #8%l: BA#EZ Unicode X5, A7 A7 XU AU S A B null 2755 WA T null 277,
&8 %—14 ValueError 7.

A 3.5 BCE S PART, 24577 b KIS 2] 7R null ‘75254 TypeError .

y* (bytes-like object) [Py_buffer] s* fJ723, A3 Unicode X5, RIEZRFA R R ., XREHZ
REGIB 7 05 1k

yv# (M ifbytes-like object) [const char *, int or Py_ssize_t] This variant on s# doesn’t accept Unicode ob-
jects, only bytes-like objects.

S (bytes) [PyBytesObject *] %3k Python X} 5t/ —/> bytes BN S, WA ZRALMWFES . WHEA
e MNFET RN 5|k TypeError 34 . CARMAGERINPyobject * B8,

Y (bytearray) [PyByteArrayObject *] %K Python X} 42—~ bytearray KX %, %A UL
R 3. AR A 2 —A bytearray REIN R &5k TypeError 5745 . C A8 & 0] 58 74
“HPyObject * A,

u (str) [const Py_UNICODE *] }§—> Python Unicode X} % 551k i 45 7] — 1~ PAZS 2 11 1) Unicode T4 2%
MIX P FRER . ARUAIE A—A>Py_UNICODE ${EE bl , 76 T — 481 C 24741 Unicode
Zenp X e EE— D Py_UNTCODE 2B 45 58 T Gt 1 (16 (3753 32 fif). Python
FAFERAIAREAL S AR null fRAS 55 @44, 51k ValueError 3.

TE 3.5 IR ER: PART, 24 Python FEAFER Hi 2] T A null ALY 5 255| & TypeError
Deprecated since version 3.3, will be removed in version 4.0: X & IHFEZ Py_UNICODE APL; #51iT#%
FPyUnicode_AsWideCharString().

u# (str) [const Py_UNICODE *, int 8} Py_ssize_t] u 255, B4 C A&, 545 —
A~ Unicode FHRZEAFIK, A TEHKE. By null L5445,
Deprecated since version 3.3, will be removed in version 4.0: X & IHFEZPy_UNICODE APIL; i1 #%
fPyUnicode_AsWideCharString().

Z (str 5 None) [const Py_UNICODE *] 5 u Z5{t), {H Python X} 4 4 °] € & None, ¥EiX F I i
NPy_UNICODE 8411 NULL,
Deprecated since version 3.3, will be removed in version 4.0: X & IHRFEF,Py_UNICODE APL; #5 1T #%
ZPyUnicode_AsWideCharString().

Z# (str 3 None) [const Py_UNICODE *, int 8} Py_ssize_t] 5 u# 2{ll, {H Python X5t 7] €
None, FEXFMEIL NPy _UNICODE $841% B & NULL,
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Deprecated since version 3.3, will be removed in version 4.0: X & IHFEZ Py_UNTCODE APL; #51iT#%
F PyUnicode_AsWideCharString().

U (str) [PyObject *] 23K Python %[5 &> Unicode Xf 4, WA S ATAT I 4k . WIRAZ—> Unicode
W25 % TypeError 3. CASBMAIGER I NPyobject * A,

w* (R[5 bytes-like object) [Py_buffer] X b ZARM LI LS ZAF B O 4. BN HHAE
Pt Py _buffer Z5MIRIE. ZEop XA REAEAEIR AR null 237, 2428 X 52 5 8 FH 3 75 22
HPyBuffer Release ().

es (str) [const char *encoding, char **buffer] s 725, T %4 J5 1% Unicode “FfF - A FLFHPIX.
B H ANV A A NUL 95 1 2 gm i B
WHAFTERNSE. E—MUER A, I H0& const char*, ZAFRRFGRAD 12 FRHE H)
NUL % [P E"NULL”, FERXFPE o0, i "ut£-8" Zgfth. 4R Python ANHITE fip 44 Zmfs
W5 ESSE. 8 _ASEHN char** B5| HIEER B DB & SECCRNANZ X,
AR A — DS E TR E RS A TR
PyArg_ParseTuple () £ BL—AN RS K/NWZE M X, R0 5 5 DLt A~ o XOf B
WE *buffer 51 XA H A B NS, WHEATHEESE R G PyMen_Free () FRERC A
AN WIOEZ- LTI v

et (str,bytes or bytearray) [const char *encoding, char **buffer] Fl es fH[F], & T A HEHRILIE A
PIFAFERRTS . M, ERBHE AMNSEUE L G AR 28,

es# (str) [const char *encoding, char **buffer, int 5} Py_ssize_t *buffer_length] s# 145=, B
i) Unicode FAAEATFAFEITIX . NG es Rk, BEARFEAMNEBIGE S NUL F4F.
EHRE=ADSH. B MUHERA, I HAWCH const char*, WG48 W — P mhdtg U4 R,
AN PA NUL Z5 R F AP R NULL, FEJ5— P& R "utf-8" fidig=. AR gmidtg=t
HFRICEERE Python A5 K FH . 5 ASELAUN charr*; BTG M F8E W ER 8%
AL SECCANE NI Z R IX . SCRRF AR — DSB8 € W gnitg L Tty . 58 =S8
g I — B FEE s IS | MO B o i i g X I S R
AR

U *buffer 4317 NULL 4551, W eRECRE 7> BOUTH R/ Zenh X, 52 65 10 B S i 21 e Zenb X, 5
BCE *buffer AT BT M BCHIAEGE o RPN AT Pydem_Free () DATERE ] SR BRI Zent X

MR *buffer 5 FE NULL 841 (E0EMNZERIX), WpyArg ParseTuple () ¥ H LA EAER
e IX, K *buffer_length WIRIIATEAERE R vh K K/ BR)G, B K15 4 5 i B A2 ) &) g o X
HLIE. WREMXAEK, FFiE— valueError,

TEXPINBITH, *buffer_length WS B4l 5 45 A A NUL B8R ) <

et# (str, bytes 1§ bytearray) [const char *encoding, char **buffer, int B Py_ssize_t *buffer_length]
lest M, BT AHERMSEANFERFRNS. Mk, BREEANSECE RGN A
,

=
b (int) [unsigned char] —~JE 1) Python BEAULAV 1 — A ToAF-5 IR AL, 76 7E—> Cunsigned
char ZEA,

B (int) [unsigned char] f — > Python & 7R % fk i — > G088 B R G 45 34k tH )@, fAffAE— 1 C
unsigned char ZHids,

h (int) [short int] f—~> Python #&AI%EAY jfi—~ C short int HI&7H,

H (int) [unsigned short int] }—> Python & B ¥ (L i, —~ C unsigned short int FLAFS5E3EAL,
FEARE B i ) i)

i (int) [int] —1> Python &AL i —4~ C int #&7,

I (int) [unsigned int] 45—~ Python #FE LA C unsigned int FEAFSHAL, FARRK AN i
Hji
75 o
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1 (int) [long int] -/ Python #HU5 LA~ C long int KA,

k (int) [unsigned long] 4§ Python #74% {4~ Cunsigned long int FAFSKIEH, Ak
it AR

L (int) [long long] f—> Python BAULAY I{—4> C long long KRB,

K (int) [unsigned long long] f—> Python B AU#HALI—4> Cunsigned long long TAFZRKKBEAL,
FEAKS A i H )

n (int) [Py_ssize_t] §—> Python 3HU%E4k il —/~ C Py_ssize_t Python JuRK/NJEHL,

c (bytes i bytearray Kk 1) [char] Kf—> Python F7 A, fi— KN 1 /) bytes BH
bytearray %2, ALK —1 C char F&H5LH,

1 3.3 UM SR bytearray REXIA .

C(str KPEED 1) [int] Ff—A> Python F4F, a1— MR 11 str FAFERXLR, FAK—1 C int B
A,

f (float) [float] }§—~ Python 3% S5 —14> C float %A%,

d (float) [double] ¥~ Python 7% S 8444 A4 C double AU TR SEL.

D (complex) [Py_complex] — Python &g 2 BIAL Il,— 1 C Py_complex Python &g 425,

HipatxR

O (object) [PyObject *] f Python X[ 5t (RBEATIEATEAR) TeffE C X488t . Hit, CRFRKREHE
BBAYSEER AR . RIS IR S FFif 5 A2 NULL.

0! (object) [typeobject, PyObject *] K§—~ Python X547 A—A> C $8%F. f1 0 KL, HEFEHN C S
B 52 Python ZERIXT R HINE, 55 AN RAEMRT 541 C A8 (PyOobject * A5 &) [HHY
hko WA Python X RAUAKT, & TypeError 4.

0& (object) [converter, anything] i@ 1L —1> converter FREUE—~ Python X R i —/ C A&, XFE
WS B, £ CAREMHIE (EERAN), Bkl void * AL,
converter PREG X IE FH -

status = converter (object, address);

object* 7 #5104 Python 3t %5 8. *address 21 ANPyArg _Parse* () A void* KB SH, 1R
I stams 52 1 R, 0 TG RM . MR, converter™ #4471 X —A 5% F
N5 *address BINES

N4k converter iR ] Py_CLEANUP_SUPPORTED, WIS EENT AWM, &0l Be < PR IR %
PREL, MM s A WL R E A BC AR A FESE —ANER Y, object ZH0K A NULL; (R it
S HE N NULL; RIE, %S E06 8 NULL, WL, S5k NuLL (W E) A O NULL
address {{E-5 JF4RVEIY HR A (E AR ] o

1E 3.1 JRF Ek: Py_CLEANUP_SUPPORTED ¥

p (bool) [int] W% AMIME RS N E (— /KA I BG5S 5 A AT R [ C true/false 5 BU{H
WA FRACHEE “1, RWE “0“. BiZ(EM &0 Python . 2 truth FEHUH £ 5T Python
anfar IR A B AE B
3.3 Bl Tge.

(items) (tuple) [matching-items] X570 2 Python [741], B items A& BT %E. C&
BOLZXT N items HAF—NMSL A B TT. P AT As BT T RER IR E .

it K7 B CBEBPEME T &1 LONG_MAX BRI 2RI RE, ARTMEA A Tl 4 e s -——

D B/ NSO BIERT, e s B n A g B AT (S2B5 L, C i e s AR ) BL i _E 5 ]

AL W E T BB KA AR 1)

AL FAFER PR — S A F AR LA FRR I L XL BB N EER TGS . B!
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| ZRUALE Python S48 R SHH#Z I 3ER . C AR W I A SHU TR I B4

— SR ATRER, PyArg ParseTuple () ANl C 48 & (%) MNEA.

$ PyArg ParseTupleAndKeywords () only: FZHIZE Python 254 F | N SN2 iR X =+
ZH0. MnT, ARG T S AR Z TSR, DS S AR T | A S D
T -
3.3 FriR e

: HEHITHP R R R B 5 R AR RN R H B P % (PyArg_ParseTuple ()
PRELG I A« RERME” 8.

i MR TTIE R AR S S EA R R A AR B B ERA R BRI R .« A AHEHE
FFo

VERATA] B FH LAY Python X425 H@ 4 ke951 H AREE B ENRIG] T4

12 128 25 1K L pR B B I S b 22 p A AL A AR R A A 728 B il G U R DR A7 iy A TG ZH B {EL

g N, B A R TeH F T AR, XS EE N AES A EEXFMER T, BN

VCTEH8 P AH I A% X T

TR, arg WG ah A VCELAS OF BRI . IR, PyArg Parse* () Mi%R I true,

[z EATiR ] false I A5G| % —AG@E . HpyArg Parse* () BB R — MR ICHL KK
TSR ISR, Xk B2 PR A B S S Ay 2 B btk P 4 2 AN X ]

API EF#

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
T — R S, RBP SIS AL BT A AR AE &b R E true; RIBGR[H]
false F H.5| A AHM I 79 o

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)

MpyArg_parseTuple () M, SRMEREZ—A va_list RESLLN A e il AR E S EEE .

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words[], ...)
MR B S HORN A S0 R B 40 Ry ey A B BRI S50 . keywords Z8UE KEBETF 4T
M) NULL 2 150l . 2544 FR3Empositional-only parameters. JREIHR A true; & A SR, B4R [H
false H-5 | ZAHR 75

JE 3.6 fREE U USIN T positional-only parameters {3 5.

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

char *keywords[ |, va_list vargs)
MPpyArg ParseTupleAndKeywords () MlF], SR EHZ > va_list RE SN AR W] AL EL
HNSHEE.

int PyArg_ValidateKeywordArguments (PyObject *)

I S R S T S-S T/ G S =S N i = - DO > S N SR GO = N G |
FPrPyArg ParseTupleAndKeywords () A#HHWIE L T, EHE LA F M X R
.

3.2 Fi e,

int PyArg_Parse (PyObject *args, const char *format, ...)
PRERT R “IHAY” R S0 X LR B I ) METH_OLDARGS S 7 A
M Python 3 SRR . XA TR AR SEURNT, HF BAEARERRS P R Z B e v
5, CATRHTZEMN . BT AT, SRR RE R ik A~ H AR g .«

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)
— A AR AL PR 8 E S B f B X SRR . SRR R R SR R L
I ARAE R BB H T iR PR ME TH_VARARGS o A5 P SR JCHLN AL DA args IR AL N &
AR — LR TT A . TR KRR A min I+ HANELE max; min Fl max ATREAALA . Hioh
SRR R AL, D SRULIR— MG Pyobject * RAVAFRAFRE; EARFEIRME
N args WIE ENTRASREERIITIN . ATE args HIRRI RS EN WIS iR 1 2 5 100
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e BRBURMR ] true F HANR args A2 Te s 40 & e 0 e s R ] false; 2R GG
TR K.

KRR B R B, BUA _weakref i BIBHUTI RS5O IR TR :

static PyObject *
weakref_ ref (PyObject *self, PyObject *args)
{

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

return result;

}

EM TP PyArg UnpackTuple () e T PyArg ParseTuple():

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

6.6.2 BIETE

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

Return value: New reference. 2Tl T-PyArg Parse* () R — R IE PSR F A A1 3
FHE. TR BT IRET IR B NULL; A05RR Ml NULL, K55 K535 .

Py BuildvValue () FA—HAIE —NITH. HAY BRI ESF RS A SR 2 A%
A 2@ ITH . MRS RS, Bk None; WEREMAS—MELHIT, BiRE
A R ITCHAR AT — X5 o H IR 4GS 0 2% A A 58 o] DABR Al Bk ] — N KU R 0 B3 1 1Y)
JCL

U INF X P EE A S BB A% 356 FH e A X R B, 40 s Al s# 15 EIs, S IFEENH
B, HHE RN RMEEAS WPy Buildvalue () Bl SRS H. HAaigil, w0
BRI malloc () I HARFECH NAF 2 B f& 45 Py_Buildvalue (), WRIAAISHEEA T3
{EHEPy_Buildvalue () IREIFE free ()

CEFMARAT, W5 st st T; TR O AR B S2E 1) Python X4
KA RS [ IR EEA C AR (R Hy%A

RGNS, BIAF, B AT EER LA T A (PR R RS BIT, A1 s#). %
T AR K 0 A e LA S A T

s (str B None) [const char *] (] 'utf-8"' LKL IR C FAFER ol Python str X4,
R C A4 5% NULL, WA None.

s# (str #f None) [const char *, int 8} Py_ssize_t] ffijf] 'utf-8"' A4 C /e M H K JFEE
{824 Python str Xf4e. W CFAFRFEE A NULL, WHKEERF4 20, F1%17] None.

y (bytes) [const char *] X Rf C A7 44404 Python bytes X4, 1R C FAFH 4N NULL,
NJ3R [\ None,

yi# (bytes) [const char *, int 8} Py_ssize_t] X6 C F45 R S H K A —> Python X4,
W% C FAFE 4% NULL, WiR[E] None,

z (str or None) [const char *] Fll “s“—Ff,
z# (str 5§ None) [const char *, int B} Py_ssize_t] flI “s#“—Ff,

u (str) [const wchar_t *] #2324 |F wehar_t [¥ Unicode (UTF-16 & UCS-4) %22 np X %46
>4 Python Unicode %74, #4 Unicode £ [X #5414 NULL, W3R [H None,

48

Chapter6. TH



The Python/C API, k% 3.7.7

u# (str) [const wchar_t *, int 8% Py_ssize_t] ¥f Unicode (UTF-16 8% UCS-4) %#Hzssrh X Kk H
KBS Python Unicode X§42. W2 Unicode ZZ it X454 A NULL, WK FER9EZ0%, IR

[7] None,
U (str 3§ None) [const char *] FI “s“—#f,
U# (str 5 None) [const char *, int 8 Py_ssize_t] fll “s#“—Ff.
i (int) [int] > C int ALV Python AN 4 .
b (int) [char] X/~ C char FERFRIHL LA Python FERUNT4:
h (int) [short int] }f—/> C short int ZF#EAIEAL Y, Python BEAUXT 4,
1 (int) [long int] ¥4~ C long int KHEAUHE{LA Python BAIX 4 .
B (int) [unsigned char] ¥—4 C unsigned char JC{FEF4 5L Python A% 42,
H (int) [unsigned short int] #f—/> C unsigned long JfF-54a# AL il Python BEHIXT 42 ,
I (int) [unsigned int] $§—4> Cunsigned long JLff5 8B AL AL Python BAIX] 4
k (int) [unsigned long] ¥§—/> C unsigned long JEfFS KR Python BAIX 4 .
L (int) [long long] $f—/~ C long long KK Python FIATA

K (int) [unsigned long long] }f—~ C unsigned long long 5K KHEAIEE (L i) Python £
BUXTSR

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

c (bytes KJEH 1) [char] $f—4> C int BEAULRIFAHAL A Python bytes KN 1 IF4%t
%,

C(str KD D) [int] Kf—4> C int BARRIFAFEALN Python str KN 1 IFAFHRXL .
d (float) [double] Kf—> C double XUKEREVF s A6k Python 37 ;SR ALY

£ (float) [float] Kf—1> C float HUNGHEEF SN Python i SACE B

D (£ %) [Py_complex *] f—4> C Py_complex KRR Python ST 47

O (object) [PyObject *] Kf Python X} G & i ANAE (HGI TR, &IT8h 1 #3) o ik
AWIXI G 5& NULL 4841, WIMBCE X A2 i 128 US54 B 50T e B S i i 5 [ )
B, Py _Buildvalue () ¥§iR [ NULL, HAXGI LS5, WRM AT 2T, WKE
SystemError,

S (object) [PyObject *] F11 “O“tH ][] .

N (object) [PyObject *] F1 “O“#fi[a], SR EHABGMA G5 V. il 8 S8 H PRy
G T B R R IR S

O& (object) [converter, anything] @i converter BREE anything #5454 Python X5 . iZ R VA anything
(955 void * He4s) MERHEH, WG new” Python %14, HIRA KGR, MR NULL.

(items) (tuple) [matching-items] *§—1> C ZZ #7445 i, Python JoALH PRIGFHAIR] 1) TC R A=
[items] (list) [HIRIICHE] Kf—> C AR FHIFE AL Python #1) RIFORFAHE [ A TC R AR
{items} (dict) [HIRMILHE] KA C AR /7 I Python S, f—XIEZE C A2 RXHME
H—DITCRIBAT AT, 73 I KT .
MRS AR AT 52, WIRE SystemError ik /A NULL,
PyObject* Py_VaBuildValue (const char *format, va_list vargs)

Return value: New reference. flPy_BuildvValue () fH[E], SRIME#EZ— va_list ZRISE0M A
AR BRI 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 formar FUESNSEL, AR size FATE] sor o 72 W, Unix T 00 snprintf(2)

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
AR X FATER format FIAE B SHINE va , AREH T size T8 str o 752 0L Unix FJ} 571
vsnprintf(2) ,

PyOS_snprintf () and PyOS_vsnprintf () wrap the Standard C library functions snprintf () and
vsnprintf (). Their purpose is to guarantee consistent behavior in corner cases, which the Standard C func-
tions do not.
AR LR str[*size-1] TEIR I AGE 2 " \O" o EAINAT I size 715 (ALFEL5RR) "'\0" ) FIF
e, PIeRECENFE W E str !'= NULL,size > O fll format != NULL.
ARG venprint £ () T H 2w KR /INF5 2Lk GBI Y size 512 77 PA |, Python £ PA—
/]\nyFatalError () Eléqz‘ﬂ:o
X LR IR B (rv ) R4 R DA AU g
* M0 <= rv < size, MBI H rv MFREEA s OREERE str[*rv] ) ' \0" 5
)
* Yrv >= size, HHFPENIFHEIHE WA ov + 1 FRRIEMK. EXFELT,
str[*size-1] P{EAZ '\0' .
e Yrv < 0, XRESERIFNFNE . FEXMIHOLT, sor¥size-1] EMIZE '\O" , {HE s Y H
BRI ARPE Lo BERIFHTIEH B TIRZ 5 .
PATR BRI B 5 TR 5 PR T R AT R B RO e
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
PP s Fe4fely double RHY, RIKI 5| % Python J4 . HEZ AT H AL A0 . T4 Python
) float () WIEREHEZIFAHRIES, BT s LIRAH RSN . FAiun i 24
R XI5
R endptr & NULL , ¥BANFRFE . 51K ValueError I HiRE 1.0 WRFHFRAZIF
A R Zk 0T
W endptr A NULL , RAJREL P AT HIHTI *endpt r BEECATR 05— N RFARIY T4 .
WERFAF R I IR BN 217 A R #aA T, * endptr WEARREFHHIITL, T
J% ValueError 5%, FHikE -1.0 .
W s TR —DRKRMARAEATE—MF R BCPE (L3, "le500" EFZTH LR —AF
FFH) SRIGUNMR overflow_exception & NULL &[0 Py _HUGE_VAL (FIi&MM4FE) IEHAR
WEAL A . FEHANITIH, overflow_exception dhZlifi[u]—/> Python HXIR; 5Kk RH
JRRME 1.0 o FERXPFMEOLT, W *endptr fRFEHELZ EHH— T4 .

URAESEATII o) S A AR A U8 (HEAn— D AN R BB ), B 241 Python S 7 Haik ]
-1.0,

3.1 B .

char* PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
e double val —AME T format_code, precision FI flags {545 ER

*Z‘EKE%M‘ZJF]:ZEI:L.W\—F;H\:EPZ—" lel’ va’ lfl’ 'F', 'gl, el ga%. Tty X\—J-ﬂ: Tt ’j:%ﬁ%ﬂg 7}%[){%\
Hide 0. vt AR E TAMEREL repr () 483,

flags T] DA ZE 8 FH HA{E Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 8{ Py_DTSF_ALT By H4 A&
* Py_DTSF_STIGN F/R SR TER F W FAFR R m-— 5547, B val AR %L
* Py_DTSF_ADD_DOT_0 F/nififRik Bl FAF R AR KA G AL
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* Py_DTSF_ALT FnM " B A=A BEN . AH TGS PyOS_snprintf () "#' &
XY
W ptype K NULL, ‘&35 18] W {E B #% %/ Py_DTST_FINITE, Py DTST_INFINITE B
Py_DTST_NAN H—A~, 730N val @ — A IRET . TohRECF SR

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

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

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

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

6.8 5

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

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

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

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

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

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

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

6.9 mAFtDNEMSZIRThEE

int PyCodec_Register (PyObject *search_function)

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

7o
int PyCodec_KnownEncoding (const char *encoding)

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

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

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

object {1 errors T & X EEIRACHE T 2% 1845 & encoding BB #s K% . errors B PAH NULL 3
TN A GRS A T SR BRI T . R AN B i B W 255 | & LookupError.
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PyObject* PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)

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

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

6.9.1 Codec &1k API

TE AN RELH, encoding FAFER B PRI AN/ NG FRIEA, X AT AL 2 A A 205 b
ERRNEAGUR. MRARREUTAT RS AS . WKFE KeyError HiR[H] NULL,

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

PyObject* PyCodec_Decoder (const char *encoding)
Return value: New reference. “Fj%5 € W encoding PH—~ RIS A RSN .

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

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

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

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

6.9.2 FF Unicode 4xi5EiRAIBIZFRYEM R API

int PyCodec_RegisterError (const char *name, PyObject *error)
TEL B ) name 2B YEMHSIRAC BRI JE R AT error . 2% 1018 R ECRE — S0 RIS 2B 2] Toikgm g iy 7
FETCIR S 0 715 Bt 7T B name 146 7€ 2 encode/decode b %4 i1 1) error 12 I 2% 4 i 4 oK
JHH .
Z M O R L& ¥ % — 4 UnicodeEncodeError, UnicodeDecodeError B{
UnicodeTranslateError M SEHE R Al S5, & & T W8 57 807 1 )7 81 &
HAERIGF 9 mt% (5 5. (WS 15 Unicode Exception Objects § fgHR U AR R BT ) . %1l
BB G | K45 E W S, BOE IR Il — S 87 51 B B e A ) o, AR —A R
A AL, BRI AR AN VR St A AR
BIGER “0° SRR 1°

PyObject* PyCodec_LookupError (const char *name)

Return value: New reference. X 3RAE name 2 N1 SR AL FR MR R B0 . VB4R ] PAE A NULL,
TE BT DU REAR [ B X strict” (55 1AL 2 0] I R 4K .

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

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

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

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

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

52 Chapter 6. TR



The Python/C API, k% 3.7.7

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

3.5 B fE.
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7.1 AR

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

Py RETURN_NOTIMPLEMENTED
Properly handle returning Py Not Implemented from within a C function (that is, 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 st r () 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.

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 attr_name from object 0. Returns the attribute value
on success, or NULL on failure. This is the equivalent of the Python expression o.attr_name.
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PyObject* PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. Retrieve an attribute named atfr_name from object 0. 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 0 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 0 on success. This is the equivalent of the Python statement 0. 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). On success, O is returned, otherwise an AttributeError is raised and
-1 is returned.

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
Delete attribute named attr_name, for object o. 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 BRI HE.

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 BRI HE.

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

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
Compare the values of 0] and o2 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, O if the result is false, 1 otherwise. This is the equivalent of the Python expression o1 op o2, where
op is the operator corresponding to opid.
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1. 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 {2 This function now includes a debug assertion to help ensure that it does not silently discard an
active exception.

PyObject* PyObject_ASCII (PyObject *0)
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 PyOb ject_Repr () with \x, \u or \U escapes.
This generates a string similar to that returned by PyObject_Repr () in Python 2. Called by the ascii ()
built-in function.

PyObject* PyObject_Str (PyObject *0)
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 str (o). Called by the str ()
built-in function and, therefore, by the print () function.

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

PyObject* PyObject_Bytes (PyObject *o)
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 O. 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 clshasa__ _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 t ype 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.

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 having a __bases___
attribute (which must be a tuple of base classes).

int PyCallable_Check (PyObject *0)
Determine if the object o is callable. Return 1 if the object is callable and 0 otherwise. This function always
succeeds.
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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.

Return the result of the call on success, or raise an exception and return NULL on failure.
This is the equivalent of the Python expression: callable (*args, **kwargs).

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

Return the result of the call on success, or raise an exception and return NULL on failure.
This is the equivalent of the Python expression: callable (*args).

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

Return the result of the call on success, or raise an exception and return NULL on failure.
This is the equivalent of the Python expression: callable (*args).

Note that if you only pass PyObject *args, PyObject_CallFunctionObjArgs () is a faster alter-
native.

TE 3.4 JiREE PR The type of format was changed from char *.

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

The format can be NULL, indicating that no arguments are provided.
Return the result of the call on success, or raise an exception and return NULL on failure.
This is the equivalent of the Python expression: obJj.name (argl, arg2, ...).

Note that if you only pass PyObject *args, PyObject_CallMethodObjArgs () is a faster alterna-
tive.

TE 3.4 fRH L The types of name and formar were changed from char *.

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

Return the result of the call on success, or raise an exception and return NULL on failure.
This is the equivalent of the Python expression: callable (argl, arg2, ...).

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

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

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

JE 3.2 IR The return type is now Py_hash_t. This is a signed integer the same size as Py_ssize_t.
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Py_hash_t PyObject_HashNot Implemented (PyObject *o0)
Set a TypeError indicating that type (o) is not hashable and return —1. This function receives special
treatment when stored in a tp_hash slot, allowing a type to explicitly indicate to the interpreter that it is not
hashable.

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 *o)
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 expres-
sion type (o). This function increments the reference count of the return value. There’s really no rea-
son to use this function instead of the common expression o—>ob_type, which returns a pointer of type
PyTypeObject *, 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 default)
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, default).
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 0 on success. This is
the equivalent of the Python statement o [key] = wv.

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 o[key].

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

PyObject* PyObject_GetIter (PyObject *0)
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.
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7.2 il

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

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. Returns the result of adding o/ and 02, or NULL on failure. This is the equivalent
of the Python expression o1 + o02.

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. Returns the result of subtracting 02 from o/, or NULL on failure. This is the
equivalent of the Python expression o1 — o2.

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. Returns the result of multiplying o/ and 02, or NULL on failure. This is the
equivalent of the Python expression o1 * o2.

PyObject* PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Returns the result of matrix multiplication on o/ and 02, or NULL on failure.
This is the equivalent of the Python expression o1 @ o2.

3.5 B fE.

PyObject* PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Return the floor of o/ divided by 02, or NULL on failure. This is equivalent to
the “classic” division of integers.

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Return a reasonable approximation for the mathematical value of o/ divided
by 02, or NULL on failure. The return value is “approximate” because binary floating point numbers are
approximate; it is not possible to represent all real numbers in base two. This function can return a floating
point value when passed two integers.

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

PyObject* PyNumber_Divmod (PyObject *o0l, PyObject *02)
Return value: New reference. See the built-in function divmod (). Returns NULL on failure. This is the
equivalent of the Python expression divmod (o1, o02).

PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. See the built-in function pow () . Returns NULL on failure. This is the equivalent
of the Python expression pow (01, 02, 03), where 03 is optional. If 03 is to be ignored, pass Py_None
in its place (passing NULL for o3 would cause an illegal memory access).

PyObject* PyNumber_Negative (PyObject *0)
Return value: New reference. Returns the negation of o on success, or NULL on failure. This is the equivalent
of the Python expression —o.

PyObject* PyNumber_Positive (PyObject *0)
Return value: New reference. Returns o on success, or NULL on failure. This is the equivalent of the Python
expression +o.

PyObject* PyNumber_Absolute (PyObject *0)
Return value: New reference. Returns the absolute value of o, or NULL on failure. This is the equivalent of the
Python expression abs (o) .

PyObject* PyNumber_Invert (PyObject *0)
Return value: New reference. Returns the bitwise negation of o on success, or NULL on failure. This is the
equivalent of the Python expression ~o.

PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. Returns the result of left shifting o/ by 02 on success, or NULL on failure. This
is the equivalent of the Python expression o1 << o02.
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PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. Returns the result of right shifting o/ by 02 on success, or NULL on failure. This
is the equivalent of the Python expression o1 >> 02.

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. Returns the “bitwise and” of o/ and 02 on success and NULL on failure. This is
the equivalent of the Python expression o1 & o02.

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. Returns the “bitwise exclusive or” of o/ by 02 on success, or NULL on failure.
This is the equivalent of the Python expression o1 ~ 02.

PyObject* PyNumber_Ox (PyObject *o0l, PyObject *02)
Return value: New reference. Returns the “bitwise or” of o/ and 02 on success, or NULL on failure. This is the
equivalent of the Python expression o1 | o2.

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. Returns the result of adding o/ and 02, or NULL on failure. The operation is
done in-place when ol supports it. This is the equivalent of the Python statement 01 += o02.

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. Returns the result of subtracting o2 from o/, or NULL on failure. The operation
is done in-place when ol supports it. This is the equivalent of the Python statement 01 -= o02.

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Returns the result of multiplying o/ and 02, or NULL on failure. The operation
is done in-place when ol supports it. This is the equivalent of the Python statement 01 *= o02.

PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Returns the result of matrix multiplication on o/ and 02, or NULL on failure. The
operation is done in-place when ol supports it. This is the equivalent of the Python statement 01 @= o2.

3.5 B RE.

PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Returns the mathematical floor of dividing o/ by 02, or NULL on failure. The
operation is done in-place when ol supports it. This is the equivalent of the Python statement o1 //= 02.

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Return a reasonable approximation for the mathematical value of o/ divided
by 02, or NULL on failure. The return value is “approximate” because binary floating point numbers are
approximate; it is not possible to represent all real numbers in base two. This function can return a floating
point value when passed two integers. The operation is done in-place when ol supports it.

PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. Returns the remainder of dividing o/ by 02, or NULL on failure. The operation
is done in-place when ol supports it. This is the equivalent of the Python statement o1 %= o02.

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. See the built-in function pow (). Returns NULL on failure. The operation is
done in-place when ol supports it. This is the equivalent of the Python statement o1 **= o2 when 03 is
Py_None, or an in-place variant of pow (01, 02, o03) otherwise. If 03 is to be ignored, pass Py_None
in its place (passing NULL for o3 would cause an illegal memory access).

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. Returns the result of left shifting o/ by 02 on success, or NULL on failure. The
operation is done in-place when ol supports it. This is the equivalent of the Python statement o1 <<= 02.

PyObject* PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. Returns the result of right shifting o by 02 on success, or NULL on failure. The
operation is done in-place when ol supports it. This is the equivalent of the Python statement o1 >>= 02.

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)

Return value: New reference. Returns the “bitwise and” of ol and 02 on success and NULL on failure. The
operation is done in-place when ol supports it. This is the equivalent of the Python statement o1 &= o2.
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PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. Returns the “bitwise exclusive or” of ol by 02 on success, or NULL on failure.
The operation is done in-place when ol supports it. This is the equivalent of the Python statement 01 ~= 02.

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. Returns the “bitwise or” of o/ and 02 on success, or NULL on failure. The
operation is done in-place when ol supports it. This is the equivalent of the Python statement 01 |= o2.

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. Returns the o converted to an integer object on success, or NULL on failure. This
is the equivalent of the Python expression int (o).

PyObject* PyNumber_Float (PyObject *0)
Return value: New reference. Returns the o converted to a float object on success, or NULL on failure. This is
the equivalent of the Python expression f1oat (o).

PyObject* PyNumber_Index (PyObject *0)
Return value: New reference. Returns the o converted to a Python int on success or NULL witha TypeError
exception raised on failure.

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. 1[0 5& %% n 563 8 DA base R FEE FAFR G ISR . XA base 50
MZ2, 8, 105 16 . X[ T34 2, 8, 5 16 , REIPFAFER R 3N EREEARH "0b', ' 00",
or '0x"', QI n ANj& Python H KRN inr 58U, wicillid PyNumber Tndex () ¥4 B HA Ak
A,

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
R o 2 — BRI R AL, R 0] o Tl —A> Py_ssize_t (HIUSHIZE R . QR R, &
[\ -1 H5| K
If o can be converted to a Python int but the attempt to convert to a Py_ssize_t value would raise an
OverflowError, then the exc argument is the type of exception that will be raised (usually IndexError
or OverflowError). If exc is NULL, then the exception is cleared and the value is clipped to
PY_SSIZE_T_MIN for a negative integer or PY_SSIZE_T_MAX for a positive integer.

int PyIndex_Check (PyObject *0)
W o 22— ARG HEL (F7A nb_index 284 tp_as_number A ) WM 1, FHMR[ME O .
XA BB 2 R

7.3 FE5IiY

int PySequence_Check (PyObject *0)
WX RAR M F AL, KGRI 1, HHERE 0. HHEERNAA __getitem () FEM
Python iR 1, BRIFEATE dict BT, PMTE— RN IL T ICIAmE BRI C R R, ek
S WINIAT

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

IR 51 v *o* BIRF G, SR A& 0] -1, 4124 T Python [ “len(0)“Fik 3.
PyObject* PySequence_Concat (PyObject *ol, PyObject *02)

Return value: New reference. IWINHHR[H ol 1 02 HIPFHE, KR F] NULL, X%/ Python ik
H ol + o2,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)

Return value: New reference. iR 8| JEH) %5 o TR count IRIEEHR, BT [A] NULL., X T
Python ik 0 * count.

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. JNINFIR ] ol F1 02 WBHFEE, KRILATIR Al NULL, fF of ZHEHR LT
{4 RASEM. XM F Python kst ol += o2.
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PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Return the result of repeating sequence object 1% [B] P41 % 42 o T count K
MEER, RGO El NULL, 75 o IR 0L N RS R3b5Enl. X% T Python ik o *=

count,

PyObject* PySequence_GetItem (PyObject *o, Py_ssize_t i)
Return value: New reference. I2[0] o FHHSE i SIr &K, KIMEHR M NULL, X 4rF Python FKik=

o[i].

PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2)
Return value: New reference. IR [0 A %5 o 0y il B i2 (Y1, R IR ] NULL. X241 Python
FikK o[i1:12],

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
R v IRESS o K926 i S ICR . RN &5 AR EITiR I -1; R 0, XAH24T Python i
Hloli]l = vo ULRREL RATZEXt v B95 1.

AR v o NULL, JTRRFMER, ER2IEECHEEN, M8l Pysequence DelTtem ().
int PySequence_DelItem (PyObject *o, Py_ssize_t i)

TMERXT S 0 IS i So08R . RIGINHRE] -1, 3XAH24TF Python i541) del o[i].

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
FEFIIN G v (AL FFIR G o AN il 2] 2 P Fr . JXAIS T Python i o [11:i2] = v.

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)

RIS 0o BUM il B 2 W) Ao MR A -1, 3XAH24F Python 15/4] del o[il:i2],

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
R[] value 75 o IR BREUEL, BIREIETT o [key] == value MSERYECE . RIMEHRE -1, X
F124F Python F3A3 0. count (value),

int PySequence Contains (PyObject *o, PyObject *value)
W€ o BT value. AR o HHYIE—TASET value, WIRIE 1, FHWERIE 0, HEEHS, B&E] -1,
iij*ﬁﬂ:‘ﬂ: Python 35 value in o.

Py_ssize_t PySequence_Index (Py Objecl *0, PyObject *value)
R —ANEE] *i*, o == value. {55}, &[] -1, 424 Python [y “o.index(value)“3Ki%
7.

PyObject* PySequence_List (PyObject *o)
Return value: New reference. 1R [0]— "y, HNES T?ﬁ'UZTl_ﬁXT % o fHIAl, KWHEFR
NULL. 3R RIS RAUIERE — SR . XS T Python Fih= 1ist (

PyObject* PySequence_Tuple (PyObject *0)
Return value: New reference. R [0l —PICH XIS, HNA SR BN S o MHE, etk
NULL. WIR o AT, WPRRRIE—HTE5 I, FE A LR 18 24 N as — ol X
ZET Python k2 tuple (o) o

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Y474\ 8{ A 1R 4 o VB HH A PySequence_Fast* BREZR] 1%}
SR WMFZS G RPN AT ERN S, W5k TypeError H5 m VERIEESCA . KM

1% [8] NULL,

PySequence_Fast* W Z T AX a4, B HENMSERE —APyTupleObject
B PyListobject HHEVN o MEIETFEL.
£k CPython FYSEERANYY, W o B4R —AFINESNER, R E R

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
1 o fiPysequence_Fast () R H o A4 NULL ffRBL R M o MR WA LAEISAE o L4
HPySequence_Size () FIKBUK/N, (HEPySequence Fast_GET _SIZE () B/EH R, HHN
BATLAMBRE o AHIRE T .

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference. IF. o fjPySequence_Fast () i&[E H o /A NULL, # H. id fE&5|
T NEITEIL TR o )26 i '5I0K.
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PyObject** PySequence_Fast_ITEMS (PyObject *o)
iR 1] PyObject $/EHWIC)Z44 . (&% o HPySequence_Fast () &[] H o A~k NULL.

TR, ARG RIS, 4B v GBS BT v items FAH. R I, AXHE 781 JovA B e R 3¢
Hhfeft LR B2 e

PyObject* PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value: New reference. 1 B o [ % i 4 JC & 8 /€ & W BF & M) NULL., [ & =
WprySequence_GetTtem() PR, (HASKT o FWPySequence_Check () 2T NEH, W
AR5 AT

7.4 BRG Y

Z [ PyObject_GetItem(). PyObject_SetItem() 5PyObject_DelItem().

int PyMapping_Check (PyObject *o)
TR XS GRS PN S Ry R R ] 1, R 0., EHER BN NAA __getitem () JF
VL1 Python 2R3 0] 1, PUAAE— MO0 T ToVAR & B I ORI R AL . R EUR e & BT .
Py_ssize_t PyMapping_Size (PyObject *0)
Py_ssize_t PyMapping_Length (PyObject *0)
IR IR o FrEEECE: , IR -1, 3XAH24 T Python $ik5X len (o) .
PyObject* PyMapping_ GetItemString (PyObject *o, const char *key)

Return value: New reference. iR 9] o FXt N T FAFE8 key W) TCE, B KMt R A NULL, X4 T
Python 3K o [key]. HiES L also PyObject_GetItem ().

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
TEXTRR o HRFFATER key BUAFRI(H vo RIGINIRIE] -1, XAH24T Python iff) o [key] = v. J3iff
Z: L PyObject_SetItem(),

int PyMapping_DelItem (PyObject *o, PyObject *key)
IS5 0 AL BRI key BRI, R IR ] -1, 53X AH 24T Python i 41 del olkeyl. X

EPyobject_DelIltem() M— % .
int PyMapping_DelItemString (PyObject *o, const char *key)
MIGE o PREERTFAFER key (BRI . RIMRIE] -1, XA F Python if4] del olkey].

int PyMapping_HasKey (PyObject *o, PyObject *key)
TSRS G B S key WIARIE] 1, FNR[E 0. JXAH24T Python Fik key in o. ILRRELER
ST -
WHEEAAEWN _getitem () Ty vk A& AR 0 S R S W M. R IBUAE % 4 4 3 2
HPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
WERWNS G B A B key WIRIE 1, LRI 00 JXAH24T Python Kk key in o. MEKELER
ST .
BRI _getitem () Ty ¥k A AR 0 S R S W M. R IBURE % 4 A 3 2

K PyMapping GetItemString ().

PyObject* PyMapping_Keys (PyObject *0)
Return value: New reference. J{INBt, IR[EIXFER o HRJERIFIFE. JEEt, 1R[F] NULL.

1E 3.7 BOEE: FEZ iiRA T, ek Bk o] — 2R st .

PyObject* PyMapping_Values (PyObject *o)
Return value: New reference. {3, R[FXFER o FHMERIFFE. JEHH, 12 [F] NULL,

e 3.7 BOEH: FEZ AIRAS T, SRR Bk o] — a1 socdl.

PyObject* PyMapping_Items (PyObject *o)
Return value: New reference. JHINE, 1RIHX45 o 4 HWHFR, Hidg N H & XY
Jedl. LM, 3R [ NULL,
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TE 3.7 BOEE: FEZ BIRAH, SRR ok [ — a1 sl

7.5 ER I

A P BR L
int PyIter_Check (PyObject *0)
B true , ARG o STRFEEARL AT .
PyObject* PyIter_Next (PyObject *o)
Return value: New reference. 3R LM o Y N —AME. X GAUE— DA (R 8 I #5 ok F

Wr) o WEREA A NRME, NERE NULL H BN E R . WERAEREUE H &R T 4R, R [
NULL Jf HAZ i 53% .

FERERI R G —A—AMEF, C RN I%E AR

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()) {
/* propagate error */
¥
else {
/* continue doing useful work */

}

7.6 SRl

T& Python H ] i F — 265X} 42 o0 4025 % I 2 AR B s AR 48 P B ) o LSS S A0 45 N B Y bytes il
bytearray PAM—28Ul array.array XA REA., 5= WM HeS A THRIAM B i & L E
TTECKZEE, Gl T BER A PEAIEE 355 .
BRSO R B — R B I X, (HEATEA BT R KW NAE G vh X SRR S AR . FE R
SeRENR, B EAR T A% S b X To 7 H E) AR
Python DA%z »F #433L ITERTE C 2N EFEMLXFERNRE . PSS T :

o EAFFEX—TH, ZEBEMP T AT H— “GoiXED7, ATATFERNIRZEZ R XER.

2B IR B AL Buffer Object Structures —5 915

o TEIHTRE M, AILA R A TP XL R SR E BI85 (Fln— N ENES).
— R AT B bytes Al bytearray S DA FAT XA FEMRIRZESZ T IX . tnlfess fH
= Bl array.array i AHRICE A LEZFH(E.
G2 X2 T I IS 3 B — A0 R SO G write () ¥ ARTA] DAY B — R A 4T

) T

PABCE Ao BRI write () T{A AT ERTHEAM G HEAR, HAMR 775, U readinto (
LSRN ER T AR . G DXE 111500 R 0] ARV A vF el 28 5 5 U B8 X 3 1
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X SEp i O RTE AT S, A WIRE ORIRE— A H XTS5 o .
o A IEFMSECRIH Pyobject_GetBuffer () MR%L
» Wl PyArg ParseTuple () (BHFHEIFZ—) HALA v*, wr or s* #& X KA Wl —14>,

TEXPRPE N T, MAEHEGE XA AI I PyBusfer Release () . WRMLERMERI, WHESS
B P ITE, IAnEE I  -

7.6.1 ZRX Ly

Geuh X5 (s A BAR N “buffers” ) X5 DB Bt T — IR A TIPS Python £/ S AR A M -
EATEATARAEZ S )R AL SERT BTG H NAFERIGRE ST, W] DARAS 5y HURHT AT RdE 22 145 Python
FEIF . AR AR C 9 i — AR i B, ton] DURAEAR 3 B AR e e 2 i T B AR S
WA, B AT AR AL I AL N A% s 450 A e

5 Python RS ATFIN R Z HEUREBUA ], Zp XA ZPyobject fREHITZR HAY C 4514 . XMERE
IR AR f SRt B A . TR B G X iz 2 e geaie iy, T DABIE—AS M AL E X5,
ARSI S R RE U, SR r R 2. ERBRZE XX, HS

HlPyObject_GetBuffer ().

Py buffer

void *buf
F& 1) i 2 oh X 7 Bt i B AR EE M T BRI 5. X T DA SRR i J2 0 B PN A7 v A A A
i, BN, A7) st rides [HAlREFR I NAFHIPR R o
St F-contiguous , SREET B, {EFE 1A WAEERIITk .

void *obj
XA I HAGEHE G, HlipyBuffer Release () HEEMHFEE
M NULL. %FBEE TALAARIE C-APT 58 £ [ml{E .
VER—FERIR IS, STl PyMemoryView FromBuffer () B{PyBuffer FillInfo ()
1 temporary EvpIX, MBS NULL, ##, SFHAEAESEH T E.

Py_ssize_t 1len
product (shape) * itemsize. X TIELEAL, XREMNFIMKE. W TIEELE
A, MRZHEENE H R ESERRER, WK ZKE.
0224 2 o X e i 2 PRI 8 2 P Y 3 SR R, A5 ) ((char *)buf) [0] up to

((char *)buf) [len-1] WA HF . HERZEEH T, LK NPyBUF_SIMPLE
B PyBUF_WRITABLE,

int readonly
Geh DA H SRR g8 . LT BL PyBUF_IWRITABLE FREH2 o
Py_ssize_t itemsize

BANTEEMT RN (PAFTTREAL) . 5 struct.calesize () EHIENULL format I{EAH
]

FEEG S QIR R B X I A PyBUF_FORMAT ffiak, format Y% %4 NULL,
{Hitemsize HA MM IIE.

M shape 74, WFHZER) product (shape) * itemsize == len {JRTELE, &l
PME itemsize SRS ZPIX,

MMH shape & NULL, K N4558 NPyBUF_SIMPLE B{PyBUF_WRITABLE K, NI & v/
ZMgitemsize, FHRIY itemsize ==

const char *format
TE st ruct BEEEUEE T NUL 24578 R AT N 28 NSRIX A& NULL, WIfEE Sk “"B™
(L5570 -
Bl PyBUF_FORMAT bR el .
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int ndim
The number of dimensions the memory represents as an n-dimensional array. If it is 0, buf points to a
single item representing a scalar. In this case, shape, 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
Anarray of Py_ssize_t of length ndimindicating the shape of the memory as an n-dimensional array.
Note that shape[0] * ... * shape[ndim-1] * itemsize MUST beequal to Ien.

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

The shape array is read-only for the consumer.

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

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

The strides array is read-only for the consumer.

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

If all suboffsets are negative (i.e. no de-referencing is needed), then this field must be NULL (the default
value).

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

The suboffsets array is read-only for the consumer.

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

7.6.2 Buffer request types

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

All Py_buf fer fields are unambiguously defined by the request type.
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request-independent fields

The following fields are not influenced by flags and must always be filled in with the correct values: ob7j, buf, len,
itemsize, ndim.

readonly, format

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 0,
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 (un-
signed bytes).

shape, strides, suboffsets

The flags that control the logical structure of the memory are listed in decreasing order of complexity. Note that each
flag contains all bits of the flags below it.

AR Bk | SR | ThEE
PyBUF_INDIRECT = = UNR R 2
PyBUF_STRIDES = = NULL
PyBUF_ND 7o NULL | NULL
PyBUF_SIMPLE NULL | NULL | NULL

ELEMRIER

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

L ES Bk | 5 | ThEE | 0%
H =]
PyBUF_C_CONTIGUOUS = 7 NULL C
I P NULL F

PyBUF_F_CONTIGUOUS

[=] =] v
PyBUF_ANY CONTIGUOUS = = NULL CHF
H | NULL | NULL C

PyBUF_ND
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FIr A R] BE R SRAR b — e G A B e 4 Lo AT R I, Geih K w4 A1
AR .

In the following table U stands for undefined -contiguity. The consumer would have to call
PyBuffer IsContiguous () to determine contiguity.

15K B | Fie | FlrseE o [ iE | %R
PyBUF_FULL = | WRFERE [ U [0 B
PyBUF_FULL_RO A AR R | U 1500 | 2
PyBUF_RECORDS e | R NULL U 0 B
PyBUF_RECORDS_RO | NULL [§] 150 | 2
PyBUF_STRIDED = | = NULL U 0 NULL
PyBUF_STRIDED_RO S NULL U 150 | NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO = | NULL | NULL C 150 | NULL

7.6.3 EZ%4A

NumPy-style: shape and strides

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

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

both shape and st rides are NULL.

If stridesis 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 f can point to any location within the actual memory block. An exporter can check the validity
of a buffer with this function:

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

Q)
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return False

if any(v % itemsize for v in strides):
return False

if ndim <= 0:

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

return True

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

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

return 0 <= offset+imin and offset+imaxtitemsize <= memlen

PIL-style: shape, strides and suboffsets

In addition to the regular items, PIL-style arrays can contain pointers that must be followed in order to get to the
next element in a dimension. For example, the regular three-dimensional C-array char v [2] [2] [3] can also be
viewed as an array of 2 pointers to 2 two-dimensional arrays: char (*v[2]) [2] [3]. In suboffsets representa-
tion, those two pointers can be embedded at the start of bu £, pointing to two char x[2] [3] arrays that can be
located anywhere in memory.

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

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

char *pointer = (char*)buf;
int i;
for (i = 0; i < ndim; 1i++) |

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

}

return (void*)pointer;

7.6.4 Buffer-related functions

int PyObject_CheckBuffer (PyObject *obyj)
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—>0bj to NULL and return - 1.

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

Successful calls to PyObject_GetBuffer () must be paired with calls to PyBuffer Release (),
similar to malloc () 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 (constchar *)
Return the implied i temsize from format. This function is not yet implemented.

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 O otherwise. This function always succeeds.

void* PyBuffer_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).
0 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). O is returned on success, —1 on error.

This function fails if len != src->len.

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides,

int itemsize, char order)
Fill the strides array with byte-strides of a contiguous (C-style if order is ' C' or Fortran-style if orderis '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)
Handle buffer requests for an exporter that wants to expose buf of size len with writability set according to

readonly. buf is interpreted as a sequence of unsigned bytes.

The flags argument indicates the request type. This function always fills in view as specified by flags, unless
buf has been designated as read-only and PyBUF_WRITABLE is set in flags.

On success, set view—>obj to a new reference to exporter and return O. Otherwise, raise
PyExc_BufferError, set view—>0b]j to NULL and return —1;

WS R B A Egerbufferproc {—3R 5, W exporter Wi R T RS, I B e RAE B 17 Bl
i flags. TN, exporter ALJF /& NULL,

7.7 |BE Y

3.0 UG E B,
X LR A Python 2t “IHZE ML APL LRy . £ Python 3 v, PN AR, (HIXLEK
BAIRBE A TFOAERS A 2.x (IS . BT VERT 20 0F vl IR RS, (B eI AR Z MBS
H o ] AR B ARE SR T SR R4 A i o S92 1
Hit, #HEFERIEHAPyobject_GetBuffer () (WFEB A PyArg ParseTuple () REUGRMH v* 8§ w
15 X)) KA — X R , ARG AT YO A PyBuf fer Release ().
int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
R[] AT VRS T A7 005 A RN AF IR H8 5T o obj S B SR LBC AT R 1 . il
TR ] O, 4 buffer 1% K PIAEHIIEF 15 buffer_len VR e op XK. HAE IR E] -1 H3EE 4
TypeError,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
A ] — A [h) 4 5 AR R 1 H B N AR ) 54T . obf SRR BT S e ik 1. )
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Wm0, Kf buffer Bk WAFHBIL K5 buffer_len B G KK BE . BN 0] -1 FF 508 —4
TypeError,

int PyObject_CheckReadBuffer (PyObject *0)
WA o SCRFRBE AT B v R ] 10 FWWERE] 0. R R 2 2 BT«
TR R A 22RO R G2 o X, ELAER 6 Y R 8O0 1) % A 1) S S i . 223K
B 4 45 0 Y 2 F Pyobject_GetBuffer ().

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
AR i) — A4 ) O] N AF IR 55T . obj SRR BC AT Zenh e 11 SRR ] O, Kf bugfer 154
WAFHIHE TR Duffer_len B ZEm XA . SR ] -1 Hfi B —4> TypeError.
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BEFRRE

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

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

8.1 BEAMR

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

8.1.1 AEIWKR

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

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

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

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

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

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

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

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

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

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

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

PyObject* PyType_FromSpec (PyType_Spec *spec)

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

Return value: New reference. Creates and returns a heap type object from the spec. In addition to that, the

created heap type contains all types contained by the bases tuple as base types. This allows the caller to
reference other heap types as base types.

3.3 B fE.

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.

3.4 B fE.

8.1.2 None Y&

W, None [Py TypeObject N EHELE Python/ C API i3 . T None 2B, Milxt GeAril
(TE CH N == ) #L2B T . hiTFEAMER, %A PyNone_Check () BRi%f.

PyObject* Py_None
Python None #f%¢, FRBZ(. EMGUA . ERERT RIS

Py_RETURN_NONE
IERfALEER B C BN Py_None i& Il (WYL, HIhN None 95| HTTHE0FRMIE.)
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8.2 FEMR

8.2.1 BREITR
T B ECERE ] DME B RN KBRS R 8w

On error, most PyLong_As* APIs return (return type) -1 which cannot be distinguished from a number.
Use PyErr_Occurred () to disambiguate.

PyLongObject
This subtype of PyOb ject represents a Python integer object.

PyTypeObject PyLong_Type
This instance of Py TypeOb ject represents the Python integer type. This is the same object as int in the
Python layer.

int PyLong_Check (PyObject *p)
Return true if its argument is a PyLongObject or a subtype of PyLongObject.

int PyLong_CheckExact (PyObject *p)
Return true if its argument is a PyLongOb ject, but not a subtype of PyLongOb ject.

PyObject* PyLong_FromLong (long v)
Return value: New reference. Return a new PyLongObject object from v, or NULL on failure.

The current implementation keeps an array of integer objects for all integers between —5 and 256, when you
create an int in that range you actually just get back a reference to the existing object. So it should be possible
to change the value of 1. I suspect the behaviour of Python in this case is undefined. :-)

PyObject* PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. Return a new PyLongObject object from a C unsigned long, or NULL
on failure.

PyObject* PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. Return a new PyLongObject object from a C Py_ssize_t, or NULL on
failure.

PyObject* PyLong_FromSize_t (size_tv)
Return value: New reference. Return a new PyLongOb ject object from a C size_t, or NULL on failure.

PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. Return a new PyLongObject object from a C long long, or NULL on
failure.

PyObject* PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. Return a new PyLongObject object from a C unsigned long long,or
NULL on failure.

PyObject* PyLong_FromDouble (double v)
Return value: New reference. Return a new PyLongObject object from the integer part of v, or NULL on
failure.

PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. Return a new PyLongObject based on the string value in str, which is in-
terpreted according to the radix in base. If pend is non-NULL, *pend will point to the first character in st
which follows the representation of the number. If base is 0, str is interpreted using the integers definition;
in this case, leading zeros in a non-zero decimal number raises a ValueError. If base is not 0, it must be
between 2 and 36, inclusive. Leading spaces and single underscores after a base specifier and between digits
are ignored. If there are no digits, ValueError will be raised.

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. Convert a sequence of Unicode digits to a Python integer value. The Unicode
string is first encoded to a byte string using PyUnicode_EncodeDecimal () and then converted using
PyLong_FromString ().

8.2. H{EMR 75



The Python/C API, X% 3.7.7

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_ UNTCODE API; please
migrate to using PyLong_FromUnicodeObject ().

PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. Convert a sequence of Unicode digits in the string « to a Python integer value. The

Unicode string is first encoded to a byte string using PyUnicode_EncodeDecimal () and then converted
using PyLong FromString ().

3.3 B RE.

PyObject* PyLong_FromVoidPtr (void *p)
Return value: New reference. Create a Python integer from the pointer p. The pointer value can be retrieved
from the resulting value using PyLong_AsVoidPtr ().

long PyLong_AsLong (PyObject *obj)
Return a C 1ong representation of obj. If obj is not an instance of PyLongObject, firstcallits__int__ ()
method (if present) to convert it to a PyLongOb ject.

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

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
Return a C 1ong representation of obj. If obj is not an instance of PyLongObject,firstcallits__int__ ()
method (if present) to convert it to a PyLongObject.

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

Returns —1 on error. Use PyErr_Occurred () to disambiguate.

long long PyLong_AsLongLong (PyObject *obj)
Return a C 1long long representation of obj. If obj is not an instance of PyLongObject, first call its
__int__ () method (if present) to convertittoa PyLongObject.
Raise OverflowError if the value of obj is out of range for a long long.
Returns —1 on error. Use PyErr_Occurred () to disambiguate.

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
int__ () method (if present) to convertittoa PyLongObject.

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

Returns —1 on error. Use PyErr_Occurred () to disambiguate.
3.2 iR e

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.
Returns —1 on error. Use PyErr_Occurred () to disambiguate.

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.
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Returns (size_t)—1 onerror. Use PyErr_Occurred () to disambiguate.

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

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.
TE 3.1 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 PyLongOb ject, first call
its__int__ () method (if present) to convert it to a PyLongObject.

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

Returns (unsigned long) -1 onerror. Use PyErr Occurred () to disambiguate.

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
Return a C unsigned long long representation of obj. If obj is not an instance of PyLongObject,
first callits __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
PY_ULLONG_MAX + 1.

Returns (unsigned long long)-1onerror. Use PyErr_Occurred () to disambiguate.

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 F AR R(E A N BB TS . R Py_False Ml Py_True W/M/RME. HIL, IEHH
I R REAE T T A /R M. H2, FHEA .
int PyBool_Check (PyObject *0)

Wk o J& PyBool _Type KA, R[] true,
PyObject* Py_False

Python [ “False“ X 4. X GIEA AT . ENIZEH NS IR — R .
PyObject* Py_True

Python 1) “True“Xf 4. ZXFRIA AT k. ENIRGHE M AT ECE R —H
Py_RETURN_FALSE

MeRBREl Py_False W, FFEIEIERTIHTTEL.
Py_RETURN_TRUE

MERER ] Py_True B, FFZEIIERTHITEL

PyObject* PyBool_FromLong (long v)
Return value: New reference. 1.4 v BSEPME, RE]—4> Py_True 8(# Py_False WG| H.
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8.2.3 FREMR

PyFloatObject
XA CEAPyobject HTIAAEK—> Python 7 %A 42 .
PyTypeObject PyFloat_Type
RENET CHRAMpyTypeobject L Python ¥ s SLH. i Python ZTHIHEA float
R[] — X4
int PyFloat_Check (PyObject *p)
L ZHoe— A C KB pyFloatobject B2 CERMPyFloatobject ) FRAMF, RI[PIH.
int PyFloat_CheckExact (PyObject *p)
Y ZHoe—A C KApyFloatobject HAR CEMPyFloatobject K TRANS, RI[PIH.

PyObject* PyFloat_FromString (PyObject *str)
Return value: New reference. NRIEFAFER sor EA#—APyFloatObject, JRMHTIR[A] NULL,

PyObject* PyFloat_FromDouble (double v)
Return value: New reference. 1R v f|f#t—APyFloatObject X4, RIKHHE[H NULL,

double PyFloat_AsDouble (PyObject *pyfloat)
R[] — K pyfloar WZEHY C K2 double. AR float AN jg—> Python i it 4, HRE2ME
__float_ () Jiik, BRATIRKESCHIRM , K pyfloat FEonll—MF sl RIS X ANT7 iR 1]
-1.0, FrANIZIEA C EkpyErr_Occurred () ftriiR.

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
R[4~ pyfloat 5 C double o, (HIAHIRKA .

PyObject* PyFloat_GetInfo (void)
Return value: New reference. 3R [n]—A> structseq SEf, H A &4 X float RS . fe/ MBI KIER
FE. Bk float . h —REIHFE.

double PyFloat_GetMax ()
A ] fe KPR A R U8 DBL_MAX 4y C double .

double PyFloat_GetMin ()
iR [l e/ INAT s H—4RIE 7% 5580 DBL_MIN “}j C double

int PyFloat_ClearFreeList ()

TP ORI 2 3R 8] TEyARE A 1 &R

8.24 FHMR

M C APLE, Python IS HON G bl P AN RIS/ SE BE . — 324 Python A2 ¥ (1] 1) Python X4, 734
e MEEREERZRUER C 4k, APTEE T %t HT%:YEW%A

TREHH C &k

3 B LA X L R IV A S RO A R IR el e B, AR feid “E” A5 R Bt
MUISE 1] T #4 APL,

Py_complex
X —XF Y Python S B0 R YA C Z5H 1A . 2 AR 73 Ak PHAZ o0 5 B ek 430HT I S 2L )
SR R A B A, e TS SO

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
RIS R, ] C2EHlpy complex FR.
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Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
REIPA RN, ] CHRABPy complex KR,

Py_complex _Py_c_neg (Py_complex complex)

IR B complex W TE, B C 2By complex Fin.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
REPAEE R, B CERPy complex F£R.

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
REIPHA LR, 1 CRABPy _complex IR,
W divisor 2S5, EANTTEIRBIZEHRE errno S5 EDOM,
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
1R8] num ) exp K&, i C2EHBpy complex TN,
2R num s B exp AJRIESERL, XA iR 9 I3 E errno 24 EDOM.

REHEY Python 3%

PyComplexObject
XA~ CRAMPpyobject [FRAUM L4 Python ZEHRIR .

PyTypeObject PyComplex_Type
XA BT Py Typeobject IR Python FHEEALNSLH]. £ Python JZHIZEAL complex &[]
— PRI

int PyComplex_Check (PyObject *p)
MR ERZRZE A CHMryComplexobject B g C KM pyComplexObject K THA, &
(IR

int PyComplex_CheckExact (PyObject *p)
WARENSERZ A CEilrycomplexObject {HAR C KR PyComplexObject B THAL, &
[ L,

PyObject* PyComplex_FromCComplex (Py_complex v)
Return value: New reference. 131 C 258 py_complex B — 11 Python & 5t 4 .

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. {24l real 1 imag 12 [0]l—/ N8 C 2B pyComplexObject KA.

double PyComplex_RealAsDouble (PyObject *op)
PA C 244 double i&[H] op 5.

double PyComplex_ImagAsDouble (PyObject *op)
PA C 2k# double R [H] op FIREES.

Py_complex PyComplex_AsCComplex (PyObject *op)
RIS E op 1) CHERIPy_complex {H.

U2 op ANj2—> Python SHX 52, (H2A A _complex_ () Jiik, XANTIASELHIAN,
K op BSR4 Python BHC G KRGS, BEI5IRIR I -1 0 M SEHUE
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3 FFIINRR

FPAR G — B AEAE T — T e 4595744 Python i35 B AR E R PSR &R

8.3.1 bytes %

BT HRESEAE AR E S gAY, X5 K TypeError,
PyBytesObject
XFppyobject HTFRAFKR—1 Python FATXIE
PyTypeObject PyBytes_Type
PyTypeObject [SEHIFE—4> Python FH5JM, i Python JRTHE S bytes et HIAINFER .
int PyBytes_Check (PyObject *o)
WERRIG 0 RF AR REF RN T RAY LB, WR[E true.
int PyBytes_CheckExact (PyObject *0)
WERXF R 0 RTINS, EAR IR TRAAYSLH], W ME true.
PyObject* PyBytes_FromString (const char *v)
Return value: New reference. J{IIIR [l —SPAFAFER v BYRIA I ERH 7R 4, RGN R [A]
NULL. JEZ v RA[J NULL; BB .
PyObject* PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)

Return value: New reference. B} R Bl — AN PAFAFER v BB A E HAC R len BT EE AT S, 2%
VIR [A] NULL, 402 v 24 NULL, WAIGA T HR O RGNS .

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. 35—~ C print £ () XH&H) format FRrE a5 B S50, T84
2R Python AT TG IR/ IR B SHUH A& XA G FA BT S . WASBE N SEb i C
BRI HOA B U formar “EAFER R A FAFAXT I o AR T AR A

%% i€ A LF% T o

1e Bl — AT, BFRR N C Il E IR

sd A YT printf ("sd").!

5u TAFSHEA | M4 T printf ("su") .

$1d KA MY T printf ("s$1d").!

$1lu TR KA | ST printf ("$1u").!

%$zd Py_ssize_t YT printf ("$zd").!

Szu size_t MY T printf ("Szu").!

51 R MG T printf ("si") T

$x P S| MY T printf ("sx").!

%s const char* PA null 2% 145 C ?fﬁ%ﬂ[ﬁﬂ

5p const void* —A CHRErB AR R R ER . BASN T printf ("sp") H
TaWMAPATEHME 0x Fk, MERG V&L print £ W 211
Ao

TR T AT S R ECRAR P AT R R TR WA AR R RIS 5, HFEF a2 4R
IS

PyObject* PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 5 PyBytes_FromFormat () 5e4fE], BT EFEZHISE.

PyObject* PyBytes_FromObject (PyObject *0)
Return value: New reference. 1 [B| 37 3E/R LI GZ 1 R R 42 *o*,

UFTFEEIIAT (d, u, Id, lu, zd, zu, i, x): YA HEERE, O BEARE R AR .
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Py_ssize_t PyBytes_Size (PyObject *0)
R FATRGE *o* PRI

Py_ssize_t PyBytes_GET_SIZE (PyObject *o0)
FIAR) PyBytes_Size () HRARHHHRAGE

char* PyBytes_AsString (PyObject *o0)
RERFRY o B NZSHIFREE . ZAREHRIT o INTRZE M X, HPEE len (o) + 1 5. S
WG — N F RN, PMEREAAEHAS TN . IR EATE AR Bk, BRAEZH)
f#i[f] PyBytes_FromStringAndSize (NULL, size) B]EHZXE. EARTHEESE. WHE o
RAERR—ADFATRRIR, MryBytes AsString () ¥k NULL J5| k& TypeError.

char* PyBytes_AS_STRING (PyObject *string)
FIRAR PyBytes_AsString () AN DA .

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
L i AR B buffer F1 length 32 [0 DA null 528 [FAFHIRS G obj BN .

U length 23 NULL, F R GOl E AR Z T MRS, WZRECRHR I -1 51 %

ValueError,

LM X AG ] obj TG, ERRBES—ANEIMIZEFEN (NEAE length 249 . ZE AT
IR RSB, BRIFRWI ] PyBytes_FromStringAndSize (NULL, size) AJEHZN}
Lo EAAPHIE B AR obj IRAANZ— P FirHxt4, MpyBytes AsStringAndsSize ()
FFRIE -1 F5]% TypeError,

£ 3.5 OEH: AR, 477 8 g B A B 2 5151 & TypeError.,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
TE *bytes TRNVEFFITERRS, HAP WS EME] bytes 1) newpart WINZS; W F-REHRAFH 05|
o X bytes ARG | FRFREUE] . WERTCERIEEHIN G, X bytes WIHS I8 E 55 H. *bytes 1)
{ERF 9 NULL; 53 B 2 1) 79

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
1 *Ibyteir g{ﬁﬂ@%ﬁﬂ@ FATERG, HAP S IR bytes 1) newpart NZE . MURAR 2080 newpart
#5 T

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
MR AT/ —F 2, RIS CARRIARRT S o o SR TR AR AT R S
SR BRAE AR Y AR 23 C AU AT 75 2 AR A5 B R A5 D T O S — A
T MRECR AT . 2 A D IE T R R HAEAE N value (EFRESHEEA), HAEAGENH
KA IR, *bytes FEAFTISUL R/ NGHIFATERXFRIFIRIA 05 *bytes ik ] BE-5 Hodg A M
Al QR IECRM, W) *bytes b 735 ER X RGBS L, *bytes 2N NULL, [}

XE MemoryError Hik[A -1,

8.3.2 FHMAMR

PyByteArrayObject
XANPyobject B TEBFIR—> Python FH 4N 4 .

PyTypeObject PyByteArray_Type
Python bytearray 2:A1 32 /8 H Py TypeObject 5Lfl; X5 Python 2 bytearray s2HH [F %}
%.

8.3. FIIxR 81



The Python/C API, X% 3.7.7

REGE

M

int PyByteArray_Check (PyObject *o)

BXFR 02— DT RGN Hg— A A AR TR S B, R
int PyByteArray_CheckExact (PyObject *0)

BXFR 0 B DFIHANMNER, EARZ—DF IR RN T EALGIN, R,

Ef= APl HE

PyObject* PyByteArray_FromObject (PyObject *0)
Return value: New reference. FRYBARATSEIN T 22 /7 R0 BINTE o, R W — P 5T 42 .

PyObject* PyByteArray_ FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. ¥R string Je FLAKC F len A1 73—~ H1 iY) bytearray XF42, 24 4% i IR [1]
NULL,

PyObject* PyByteArray_ Concat (PyObject *a, PyObject *b)
Return value: New reference. JEREFTHEH a F1 b IR Bl — A 45 R HT 0 504 .

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
{EAS A NULL 841 53R ] bytearray BR /)N,

char* PyByteArray_AsString (PyObject *bytearray)
TEAG A NULL F84 5 IR 01K bytearray iR [ — A7 8 o I A ECEHL GO 2 I — DB =5
T

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
K5 bytearray 11 N EBZGE X B R/ INEE R 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 ¥ pyByteArray Size () BIZEIRA .

8.3.3 Unicode Objects and Codecs

Unicode &

Since the implementation of PEP 393 in Python 3.3, Unicode objects internally use a variety of representations, in
order to allow handling the complete range of Unicode characters while staying memory efficient. There are special
cases for strings where all code points are below 128, 256, or 65536; otherwise, code points must be below 1114112
(which is the full Unicode range).

Py _UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and inefficient; it should be avoided in performance- or memory-
sensitive situations.

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.

82 Chapter 8. &M HRE


https://www.python.org/dev/peps/pep-0393

The Python/C API, k% 3.7.7

* "legacy” Unicode objects have been created through one of the deprecated APIs (typically
PyUnicode_FromUnicode ()) and only bear the Py UNICODE~* representation; you will have to
call PyUnicode READY () on them before calling any other API.

Unicode 3£HY

These are the basic Unicode object types used for the Unicode implementation in Python:

Py_UCS4

Py_UCS2

Py_UCS1
These types are typedefs for unsigned integer types wide enough to contain characters of 32 bits, 16 bits and 8
bits, respectively. When dealing with single Unicode characters, use Py_ UCS4.

3.3 Fge.

Py_UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.

1 3.3 JiR B gk 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 B .

PyTypeObject PyUnicode_Type
This instance of Py TypeOb ject represents the Python Unicode type. It is exposed to Python code as str.

The following APIs are really C macros and can be used to do fast checks and to access internal read-only data of
Unicode objects:

int PyUnicode_Check (PyObject *0)
Return true if the object o is a Unicode object or an instance of a Unicode subtype.

int PyUnicode_CheckExact (PyObject *0)
Return true if the object o is a Unicode object, but not an instance of a subtype.

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 BRI HE.

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *o)
Return the length of the Unicode string, in code points. o has to be a Unicode object in the “canonical”
representation (not checked).

3.3 BRI HE.

Py_UCSI* PyUnicode_1BYTE_DATA (PyObject *0)

Py_UCS2* PyUnicode_2BYTE_DATA (PyObject *o0)

Py_UCS4* PyUnicode_4BYTE_DATA (PyObject *o0)
Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
PyUnicode_ KIND () to select the right macro. Make sure PyUnicode_READY () has been called be-
fore accessing this.

3.3 B fE.
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PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

Return values of the PyUnicode KIND () macro.

3.3 BRI HE.

int PyUnicode_KIND (PyObject *o0)
Return one of the PyUnicode kind constants (see above) that indicate how many bytes per character this Uni-
code object uses to store its data. o has to be a Unicode object in the ”canonical” representation (not checked).

3.3 BRI HE.

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 B fE.

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
Read a code point from a canonical representation data (as obtained with PyUnicode_DATA ()). No checks
or ready calls are performed.

3.3 B RE.

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 (PyObject *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 BRI HE.

int PyUnicode_ClearFreeList ()
R IR [ PR 2% H %L

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 4.0: Part of the old-style Unicode API, please migrate
to using PyUnicode GET_LENGTH ().

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *o)
Return the size of the deprecated Py UNICODE representation in bytes. o has to be a Unicode object (not
checked).

Deprecated since version 3.3, will be removed in version 4.0: 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
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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 B ¥ 2: This macro is now inefficient -- because in many cases the Py UNICODE representa-
tion does not exist and needs to be created -- and can fail (return NULL with an exception set). Try to
port the code to use the new PyUnicode_nBYTE_DATA () macros or use PyUnicode WRITE () or
PyUnicode_READ ().

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Unicode API, please migrate
to using the PyUnicode_nBYTE_DATA () family of macros.

Unicode =&

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 c# is a titlecase character.

int Py_UNICODE_ISLINEBREAK (Py_UNICODE ch)
Return 1 or 0 depending on whether ch 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.

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 c# is a printable character. Nonprintable characters are those characters
defined in the Unicode character database as "Other” or ”Separator”, excepting the ASCII space (0x20) which
is considered printable. (Note that printable characters in this context are those which should not be escaped
when repr () is invoked on a string. It has no bearing on the handling of strings written to sys.stdout
or sys.stderr.)

These APIs can be used for fast direct character conversions:

Py_UNICODE Py_UNICODE_TOLOWER (Py_UNICODE ch)
Return the character ch converted to lower case.

3.3 iR JEEL#5[%: 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.
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Py_UNICODE Py_UNICODE_TOTITLE (Py_UNICODE ch)
Return the character ch converted to title case.

3.3 i J5 E#8%: This function uses simple case mappings.

int Py _UNICODE_TODECIMAL (Py_UNICODE ch)
Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro
does not raise exceptions.

int Py_UNICODE_TODIGIT (Py UNICODE ch)
Return the character ch converted to a single digit integer. Return —1 if this is not possible. This macro does
not raise exceptions.

double Py_UNICODE_TONUMERIC (Py_UNICODE ch)
Return the character ch converted to a double. Return —1 . O if this is not possible. This macro does not raise
exceptions.

These APIs can be used to work with surrogates:

Py_UNICODE_IS_SURROGATE (ch)
Check if ch is a surrogate (0xD800 <= ch <= O0xDFFF).

Py _UNICODE_IS_HIGH_SURROGATE (ch)
Check if ch is a high surrogate (0xD800 <= ch <= O0xDBFF).

Py_UNICODE_IS_LOW_SURROGATE (ch)
Check if ch is a low surrogate (0xDC00 <= ch <= OxDFFF).

Py_UNICODE_JOIN_SURROGATES (high, low)
Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the leading
and trailing surrogates in a surrogate pair.

Creating and accessing Unicode strings

To create Unicode objects and access their basic sequence properties, use these APIs:

PyObject* PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
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

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 .

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 ().

PyObject *PyUnicode_FromString (const char *u)
Return value: New reference. Create a Unicode object from a UTF-8 encoded null-terminated char buffer u.
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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
ASClII-encoded string. The following format characters are allowed:

R | 0 R

%% & T % FHF o

$c Al PR, RN Cihs 5 & R,

%d FEH AT prmtf("%d")

Su JCAF 5 B A 2T printf ("su").!

$1d KA H%F printf ("s1d").]

$1i IS il MY T printf ("s1in).t

$lu TS KA H24T printf ("$1u™).!

$11d long long MY T printf ("s11d") .

$11i long long M4 T printf("s11im).]

$1lu T4 5 long long MY T printf("s1lu").!

$zd Py_ssize_t MM T printf ("szd").!

$zi Py_ssize_t MY T printf ("szim).T

Szu size_t M4 T printf ("szu").!

$i A MY T printf("sim).T

$x Al MY TF printf ("sx") !

$s const char* PA null 252 FAFH) C 457504

sp const void* —A> CHREH NIRRT AL T
printf ("sp") HESWHRATHE 0x JFk, NERSE
F& Eprintf iyt 24

SA PyObject* ascii () WHMER.

$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#t:  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 fiREE P Support for "$11d" and "$11u" added.
TE 3.3 fRHE 2 Support for "$14", "$11i" and "$zi" added.
JE 3.4 JRFE L Support width and precision formatter for "$s", "$A", "SU", "$V", "$S", "$R" added.

PyObject* PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Identical to PyUnicode_FromFormat () except that it takes exactly two
arguments.

PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. Decode an encoded object obj to a Unicode object.

bytes, bytearray and other bytes-like objects are decoded according to the given encoding and using the
error handling defined by errors. Both can be NULL to have the interface use the default values (see Built-in
Codecs for details).

! For integer specifiers (d, u, 1d, i, lu, 11d, 1li, 1lu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.
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All other objects, including Unicode objects, cause a TypeError to be set.
The API returns NULL if there was an error. The caller is responsible for decref’ing the returned objects.

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Return the length of the Unicode object, in code points.
3.3 B fE.

Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from,
Py_ssize_t from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when
necessary and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise
returns the number of copied characters.

3.3 Bl isE.

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 BRI HE.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Write a character to a string. The string must have been created through PyUnicode_New (). Since Unicode
strings are supposed to be immutable, the string must not be shared, or have been hashed yet.

This function checks that unicode is a Unicode object, that the index is not out of bounds, and that the object
can be modified safely (i.e. that it its reference count is one).

3.3 B RE.

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Read a character from a string. This function checks that unicode is a Unicode object and the index is not out
of bounds, in contrast to the macro version PyUnicode READ_CHAR().

3.3 B fE.

PyObject* PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. Return a substring of str, from character index start (included) to character index
end (excluded). Negative indices are not supported.

3.3 B RE.

Py_UCS4* PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
Copy the string u into a UCS4 buffer, including a null character, if copy_null is set. Returns NULL and sets an
exception on error (in particular, a SystemError if buflen is smaller than the length of u). buffer is returned
on success.

3.3 B RE.

Py_UCS4* PyUnicode_AsUCS4Copy (PyObject *u)
Copy the string u into a new UCS4 buffer that is allocated using PyMem_Malloc (). If this fails, NULL is
returned with a MemoryError set. The returned buffer always has an extra null code point appended.

3.3 B fE.
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Deprecated Py_UNICODE APIs

Deprecated since version 3.3, will be removed in version 4.0.

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 ().

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_ UNTCODE 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.

Please migrate to using PyUnicode_ AsUCS4 (), PyUnicode_AsWideChar (),
PyUnicode_ReadChar () or similar new APIs.

PyObject* PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Create a Unicode object by replacing all decimal digits in Py UNICODE buffer
of the given size by ASCII digits 0--9 according to their decimal value. Return NULL if an exception occurs.

Py_UNICODE* PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode _AsUnicode (), but also saves the Py UNICODE () array length (excluding the extra
null terminator) in size. Note that the resulting Py UNICODE * string may contain embedded null code points,
which would cause the string to be truncated when used in most C functions.

3.3 BRI HE.

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_ UNICODE * string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.2 FriR e
Please migrate to using PyUnicode_AsUCS4Copy () or similar new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Return the size of the deprecated Py_ UNICODE representation, in code units (this includes surrogate pairs as
2 units).

Please migrate to using PyUnicode_GetLength ().

PyObject* PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Copy an instance of a Unicode subtype to a new true Unicode object if necessary.
If obj is already a true Unicode object (not a subtype), return the reference with incremented refcount.

Objects other than Unicode or its subtypes will cause a TypeError.
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Locale Encoding

The current locale encoding can be used to decode text from the operating system.

PyObject* PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t len, const char *errors)

Return value: New reference. Decode a string from UTF-8 on Android, or from the current locale encoding
on other platforms. The supported error handlers are "strict" and "surrogateescape" (PEP 383).
The decoder uses "strict" error handler if errors is NULL. str must end with a null character but cannot
contain embedded null characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
S

The Py_DecodeLocale () function.

3.3 B fE.

TE 3.7 BB B: The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py_DecodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.

PyObject* PyUnicode_DecodeLocale (const char *str, const char *errors)

Return value: New reference. Similar to PyUnicode_DecodeLocaleAndSize (), but compute the
string length using strlen ().

3.3 BRI HE.

PyObject* PyUnicode_EncodelLocale (PyObject *unicode, const char *errors)

Return value: New reference. Encode a Unicode object to UTF-8 on Android, 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 byt es object. unicode cannot contain
embedded null characters.

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding
(the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
S

The Py_EncodeLocale () function.

3.3 FRIIHE.

TE 3.7 B3 B0: The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py_EncodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.

File System Encoding

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should
be used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler
(PEP 383 and PEP 529). To encode file names to bytes during argument parsing, the "O&" converter should be
used, passing PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject* obj, void* result)

ParseTuple converter: encode str objects -- obtained directly or through the os.PathLike interface --
to bytes using PyUnicode_EncodeFSDefault (); bytes objects are output as-is. result must be a
PyBytesOb ject * which must be released when it is no longer used.

3.1 B RE.
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T 3.6 MUHE IR 3252 —~path-like object ,

To decode file names to str during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:

int PyUnicode_FSDecoder (PyObject* obj, void* result)
ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through the os.
PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize (); str objects are
output as-is. result must be a PyUnicodeObject * which must be released when it is no longer used.

3.2 iR IIse.
TE 3.6 RS 52— path-like object ,

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. Decode a string using Py_FileSystemDefaultEncoding and the
Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().

S W
The Py _DecodelLocale () function.
FE 3.6 fRHE P Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Decode a null-terminated stringusing Py_FileSystemDefaultEncoding
and the Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
JE 3.6 fREE L Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Encode a Unicode object to Py_FileSystemDefaultEncoding with the
Py_FileSystemDefaultEncodeErrors error handler, and return bytes. Note that the resulting
bytes object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to encode a string to the current locale encoding, use
PyUnicode_EncodeLocale ().

S W
The Py_EncodeLocale () function.
3.2 FhRE.

JE 3.6 fJREEL: Use Py_FileSystemDefaultEncodeErrors error handler.
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wchar_t Support

wchar_t support for platforms which support it:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the wchar_t buffer w of the given size. Passing
-1 as the size indicates that the function must itself compute the length, using weslen. Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)
Copy the Unicode object contents into the wchar_t buffer w. At most size wchar_t characters are copied
(excluding a possibly trailing null termination character). Return the number of wchar_t characters copied
or —1 in case of an error. Note that the resulting wchar_t* string may or may not be null-terminated. It is
the responsibility of the caller to make sure that the wchar_t * string is null-terminated in case this is required
by the application. Also, note that the wchar_t * string might contain null characters, which would cause the
string to be truncated when used with most C functions.

wchar_t* PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
Convert the Unicode object to a wide character string. The output string always ends with a null character. If
size is not NULL, write the number of wide characters (excluding the trailing null termination character) into
*size. Note that the resulting wchar_t string might contain null characters, which would cause the string
to be truncated when used with most C functions. If size is NULL and the wchar_t* string contains null
characters a ValueError is raised.

Returns a buffer allocated by PyMem_Alloc () (use PyMem Free () to free it) on success. On error,
returns NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

3.2 B .

TE 3.7 iU P Raises a ValueError if size is NULL and the wchar_t * string contains null characters.
g

Built-in Codecs

Python provides a set of built-in codecs which are written in C for speed. All of these codecs are directly usable via
the following functions.

Many of the following APIs take two arguments encoding and errors, and they have the same semantics as the ones
of the built-in st () string object constructor.

Setting encoding to NULL causes the default encoding to be used which is ASCII. The file sys-
tem calls should use PyUnicode_FSConverter () for encoding file names. This uses the variable
Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some sys-
tems, it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes
setlocale).

Error handling is set by errors which may also be set to NULL meaning to use the default handling defined for the
codec. Default error handling for all built-in codecs is strict” (ValueError is raised).

The codecs all use a similar interface. Only deviation from the following generic ones are documented for simplicity.

Generic Codecs

These are the generic codec APIs:

PyObject* PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the encoded string s. encoding
and errors have the same meaning as the parameters of the same name in the str () built-in function. The
codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the
codec.

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *er-

rors)
Return value: New reference. Encode a Unicode object and return the result as Python bytes object. encoding
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and errors have the same meaning as the parameters of the same name in the Unicode encode () method.
The codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised
by the codec.

PyObject* PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding, const

char *errors)
Return value: New reference. Encode the Py UNICODE buffer s of the given size and return a Python bytes

object. encoding and errors have the same meaning as the parameters of the same name in the Unicode
encode () method. The codec to be used is looked up using the Python codec registry. Return NULL if an
exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNTICODE API; please
migrate to using PyUnicode_AsEncodedString().

UTF-8 Codecs

These are the UTF-8 codec APIs:

PyObject* PyUnicode_DecodeUTF8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the UTF-8 encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTFS8 (). If con-

sumed is not NULL, trailing incomplete UTF-8 byte sequences will not be treated as an error. Those bytes will
not be decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Encode a Unicode object using UTF-8 and return the result as Python bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
Return a pointer to the UTF-8 encoding of the Unicode object, and store the size of the encoded representation
(in bytes) in size. The size argument can be NULL; in this case no size will be stored. The returned buffer always
has an extra null byte appended (not included in size), regardless of whether there are any other null code points.

In the case of an error, NULL is returned with an exception set and no size is stored.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a
pointer to the same buffer. The caller is not responsible for deallocating the buffer.

3.3 Frihse.
JE 3.7 IR B The return type is now const char * rather of char *.

const char* PyUnicode_AsUTF8 (PyObject *unicode)
As PyUnicode_ AsUTF8AndSize (), but does not store the size.

3.3 Frihfe.
JE 3.7 IR The return type is now const char * rather of char *.

PyObject* PyUnicode_EncodeUTF8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_ UNTICODE buffer s of the given size using UTF-8 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE
API; please migrate to using PyUnicode AsUTF8String (), PyUnicode AsUTF8AndSize () or
PyUnicode_AsEncodedString ().
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UTF-32 Codecs

These are the UTF-32 codec APIs:

PyObject* PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Decode size bytes from a UTF-32 encoded buffer string and return the corre-
sponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to "strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first four bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorder is
-1 or 1, any byte order mark is copied to the output.

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors,

int *byteorder, Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF32 (). If con-

sumed is not NULL, PyUnicode_DecodeUTF32Stateful () will not treat trailing incomplete UTF-32
byte sequences (such as a number of bytes not divisible by four) as an error. Those bytes will not be decoded
and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. Return a Python byte string using the UTF-32 encoding in native byte order. The
string always starts with a BOM mark. Error handling is “strict”. Return NULL if an exception was raised by
the codec.

PyObject* PyUnicode_EncodeUTF32 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode

data in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_ UNTCODE API; please
migrate to using PyUnicode AsUTEF32String () or PyUnicode_AsEncodedString ().
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UTF-16 Codecs

These are the UTF-16 codec APIs:

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Decode size bytes from a UTF-16 encoded buffer string and return the corre-
sponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to "strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first two bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorder is
-1 or 1, any byte order mark is copied to the output (where it will result in either a \ufeff ora \ufffe
character).

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF16Stateful (const char *s, Py_ssize_t size, const char *errors,
int *byteorder, Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF16 (). If con-
sumed is not NULL, PyUnicode_DecodeUTF16Stateful () will not treat trailing incomplete UTF-16
byte sequences (such as an odd number of bytes or a split surrogate pair) as an error. Those bytes will not be
decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. Return a Python byte string using the UTF-16 encoding in native byte order. The
string always starts with a BOM mark. Error handling is “strict”. Return NULL if an exception was raised by
the codec.

PyObject* PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode

data in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_ UNICODE_WIDE is defined, a single Py_ UNTCODE value may get represented as a surrogate pair. If
it is not defined, each Py_ UNICODE values is interpreted as a UCS-2 character.

Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_ UNTCODE API; please
migrate to using PyUnicode AsUTF16String () or PyUnicode_AsEncodedString().
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UTF-7 Codecs

These are the UTF-7 codec APIs:

PyObject* PyUnicode_DecodeUTF7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the UTF-7 encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF7 (). If con-

sumed is not NULL, trailing incomplete UTF-7 base-64 sections will not be treated as an error. Those bytes
will not be decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py_ssize_t size, int base64SetO,
int base64 WhiteSpace, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using UTF-7 and return a

Python bytes object. Return NULL if an exception was raised by the codec.

If base64SetO is nonzero, “Set O” (punctuation that has no otherwise special meaning) will be encoded in
base-64. If base64 WhiteSpace is nonzero, whitespace will be encoded in base-64. Both are set to zero for the
Python utf-7” codec.

Deprecated since version 3.3, will be removed in version 4.0: 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 4.0: Part of the old-style Py UNTICODE API; please
migrate to using PyUnicode_AsUnicodeEscapeString().

Raw-Unicode-Escape Codecs

These are the "Raw Unicode Escape” codec APIs:

PyObject* PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char *er-

rors)
Return value: New reference. Create a Unicode object by decoding size bytes of the Raw-Unicode-Escape

encoded string s. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using Raw-Unicode-Escape and return the result as a
bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py_ UNICODE buffer of the given size using Raw-Unicode-Escape
and return a bytes object. Return NULL if an exception was raised by the codec.
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Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style
Py_UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString() or
PyUnicode_AsEncodedString ().

Latin-1 Codecs

These are the Latin-1 codec APIs: Latin-1 corresponds to the first 256 Unicode ordinals and only these are accepted
by the codecs during encoding.

PyObject* PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the Latin-1 encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using Latin-1 and return the result as Python bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeLatinl (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Latin-1 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsLatinlString () or PyUnicode AsEncodedString().

ASCII Codecs

These are the ASCII codec APIs. Only 7-bit ASCII data is accepted. All other codes generate errors.

PyObject* PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the ASCII encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using ASCII and return the result as Python bytes
object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeASCII (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using ASCII and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsASCIIString () or PyUnicode AsEncodedString ().

Character Map Codecs

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done
to obtain most of the standard codecs included in the encodings package). The codec uses mapping to encode
and decode characters. The mapping objects provided must support the __getitem__ () mapping interface;
dictionaries and sequences work well.

These are the mapping codec APIs:

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the encoded string s using the

given mapping object. Return NULL if an exception was raised by the codec.

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers in the
range from 0 to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals) or None.
Unmapped data bytes -- ones which cause a LookupError, as well as ones which get mapped to None,
OxFFFE or '\ufffe', are treated as undefined mappings and cause an error.
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PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Encode a Unicode object using the given mapping object and return the result as
a bytes object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range from 0 to 255 or
None. Unmapped character ordinals (ones which cause a LookupError) as well as mapped to None are
treated as "undefined mapping” and cause an error.

PyObject* PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors)
Return value: New reference. Encode the Py_ UNTCODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: 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 *unicode, PyObject *mapping, const char *errors)
Return value: New reference. Translate a Unicode object using the given mapping object and return the resulting
Unicode object. Return NULL if an exception was raised by the codec.

The mapping object must map Unicode ordinal integers to Unicode strings, integers (which are then interpreted
as Unicode ordinals) or None (causing deletion of the character). Unmapped character ordinals (ones which
cause a LookupError) are left untouched and are copied as-is.

PyObject* PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *map-

ping, const char *errors)
Return value: New reference. Translate a Py_UNICODE buffer of the given size by applying a character

mapping table to it and return the resulting Unicode object. Return NULL when an exception was raised by the
codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_Translate (). or generic codec based API

MBCS codecs for Windows

These are the MBCS codec APIs. They are currently only available on Windows and use the Win32 MBCS converters
to implement the conversions. Note that MBCS (or DBCS) is a class of encodings, not just one. The target encoding
is defined by the user settings on the machine running the codec.

PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the MBCS encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. 1f consumed is NULL, behave like PyUnicode_DecodeMBCS (). If con-

sumed is not NULL, PyUnicode_DecodeMBCSStateful () will not decode trailing lead byte and the
number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using MBCS and return the result as Python bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Return value: New reference. Encode the Unicode object using the specified code page and return a Python
bytes object. Return NULL if an exception was raised by the codec. Use CP_ACP code page to get the MBCS
encoder.

3.3 B

PyObject* PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_ UNTCODE buffer of the given size using MBCS and return a
Python bytes object. Return NULL if an exception was raised by the codec.
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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 O, the Line break characters are not included in the resulting
strings.

PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Translate a string by applying a character mapping table to it and return the resulting Unicode object.

The mapping table must map Unicode ordinal integers to Unicode ordinal integers or None (causing deletion
of the character).

Mapping tables need only provide the __getitem__ () interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors has the usual meaning for codecs. It may be NULL which indicates to use the default error handling.

PyObject* PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Join a sequence of strings using the given separator and return the resulting
Unicode string.

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end,

' int direction) ) )
Return 1 if substr matches str [start:end] at the given tail end (direction == -1 means to do a prefix

match, direction == 1 a suffix match), 0 otherwise. Return —1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direc-
tion)
Return the first position of substr in str [start :end] using the given direction (direction == 1 means to
do a forward search, direction == —1 a backward search). The return value is the index of the first match; a
value of —1 indicates that no match was found, and -2 indicates that an error occurred and an exception has
been set.

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int di-

rection)
Return the first position of the character ch in str [start:end] using the given direction (direction ==
1 means to do a forward search, direction == —1 a backward search). The return value is the index of the

first match; a value of —1 indicates that no match was found, and —2 indicates that an error occurred and an
exception has been set.

3.3 BRI HE.

T 3.7 JREE L start and end are now adjusted to behave like str[start:end].
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Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end )
Return the number of non-overlapping occurrences of substr in str [start:end]. Return -1 if an error
occurred.

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t max-

count)
Return value: New reference. Replace at most maxcount occurrences of substr in str with replstr and return the
resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)
Compare two strings and return —1, 0, 1 for less than, equal, and greater than, respectively.

This function returns —1 upon failure, so one should call PyErr_Occurred () to check for errors.

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Compare a Unicode object, uni, with string and return -1, 0, 1 for less than, equal, and greater than, respec-
tively. It is best to pass only ASCII-encoded strings, but the function interprets the input string as 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

o)

% args.

int PyUnicode_Contains (PyObject *container, PyObject *element)
Check whether element is contained in container and return true or false accordingly.

element has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **string)
Intern the argument *string in place. The argument must be the address of a pointer variable pointing to a
Python Unicode string object. If there is an existing interned string that is the same as *string, it sets *string to it
(decrementing the reference count of the old string object and incrementing the reference count of the interned
string object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification:
even though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you
own the object after the call if and only if you owned it before the call.)

PyObject* PyUnicode_InternFromString (const char *v)
Return  value: New  reference. A combination of PyUnicode FromString() and
PyUnicode_InternInPlace (), returning either a new Unicode string object that has been in-
terned, or a new (“owned”) reference to an earlier interned string object with the same value.

8.3.4 JTLANIER
PyTupleObject
XANPyobject [FRAMNFE— Python [T 4 .
PyTypeObject PyTuple_Type
PyTypeObject WISEBILF—4 Python JLLZEAY, X 5 Python 2 tuple ZHHRIHIXIS .
int PyTuple_Check (PyObject *p)
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int PyTuple_CheckExact (PyObject *p)
R p @2— IS, MAR— DI TRAR LB, kR m EE .

PyObject* PyTuple_New (Py_ssize_t len)
Return value: New reference. Return a new tuple object of size len, or NULL on failure.

PyObject* PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. Return a new tuple object of size n, or NULL on failure. The tuple values are
initialized to the subsequent n C arguments pointing to Python objects. PyTuple_Pack (2, a, b) is
equivalent to Py_Buildvalue (" (OO)", a, b).

Py_ssize_t PyTuple_Size (PyObject *p)
Take a pointer to a tuple object, and return the size of that tuple.

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
Return the size of the tuple p, which must be non-NULL and point to a tuple; no error checking is performed.

PyObject* PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Return the object at position pos in the tuple pointed to by p. If pos is out
of bounds, return NULL and set an IndexError exception.

PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Like Py Tuple_GetItem (), but does no checking of its arguments.

PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Return the slice of the tuple pointed to by p between low and high, or NULL on
failure. This is the equivalent of the Python expression p [ low:high]. Indexing from the end of the list is
not supported.

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *o)
Insert a reference to object o at position pos of the tuple pointed to by p. Return 0 on success. If pos is out of
bounds, return —1 and set an IndexError exception.

7Ef#: This function “steals” a reference to o and discards a reference to an item already in the tuple at the
affected position.

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *o)
Like PyTuple_SetItem (), butdoes no error checking, and should only be used to fill in brand new tuples.

{:f#t: This macro “steals” a reference to o, and, unlike Py Tuple_SetItem(),does not discard a reference
to any item that is being replaced; any reference in the tuple at position pos will be leaked.

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)

Can be used to resize a tuple. newsize will be the new length of the tuple. Because tuples are supposed to be
immutable, this should only be used if there is only one reference to the object. Do nor use this if the tuple
may already be known to some other part of the code. The tuple will always grow or shrink at the end. Think
of this as destroying the old tuple and creating a new one, only more efficiently. Returns 0 on success. Client
code should never assume that the resulting value of *p will be the same as before calling this function. If the
object referenced by *p is replaced, the original *p is destroyed. On failure, returns —1 and sets *p to NULL,
and raises MemoryError or SystemError.

int PyTuple_ClearFreeList ()

Egests 9 el P AT e 9 G P E R 4 @
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8.3.5 Struct Sequence Objects

Struct sequence objects are the C equivalent of namedtuple () objects, i.e. a sequence whose items can also be
accessed through attributes. To create a struct sequence, you first have to create a specific struct sequence type.

PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. Create a new struct sequence type from the data in desc, described below.
Instances of the resulting type can be created with Py St ruct Sequence_New ().

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
Initializes a struct sequence type type from desc in place.

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
The same as PySt ruct Sequence_InitType, but returns O on success and —1 on failure.

3.4 BN RE.

PyStructSequence_Desc

A E ARSI T AR L5 B

1 Cxn aX
name const char * SER 7 5 B 24 FR
doc const char * pointer to docstring for the type or NULL to omit
fields PyStructSequence_Fiel gointer to NULL-terminated array with field names of
* the new type
n_in_sequenceint number of fields visible to the Python side (if used as
tuple)

PyStructSequence_Field
Describes a field of a struct sequence. As a struct sequence is modeled as a tuple, all fields are typed as

PyObject *. The index in the fields array of the Py St ruct Sequence_Desc determines which field
of the struct sequence is described.

B | CKE aX

name const name for the field or NULL to end the list of named fields, set to
char * PyStructSequence_UnnamedField to leave unnamed

doc | const field docstring or NULL to omit
char *

char* PyStructSequence_UnnamedField
Special value for a field name to leave it unnamed.

PyObject* PyStruct Sequence_New (PyTypeObject *type)
Return value: New reference.  Creates an instance of fype, which must have been created with
PyStructSequence_NewType ().

PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Return the object at position pos in the struct sequence pointed to by p. No
bounds checking is performed.

PyObject* PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Macro equivalent of Py St ruct Sequence_GetItem().

void PyStruct Sequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Sets the field at index pos of the struct sequence p to value o. Like PyTuple SET ITEM(), this should
only be used to fill in brand new instances.

{1:f#t: This function “steals” a reference to o.
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void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
Macro equivalent of Py St ructSequence_SetItem().

{:f#t:  This function “steals” a reference to o.

8.3.6 FIRIMR

PyListObject
XA C A pyobject 1§ AUM L4 Python FI R R .
PyTypeObject PyList_Type
KR T Py Typeobject K Python 51| LKA LA . 75 Python ZHAILER 1ist Z[F—4
POE
int PyList_Check (PyObject *p)
WR p R — PN G & — DI RIEA) T 2RBUSLBI N, R A H .
int PyList_CheckExact (PyObject *p)
B p @ MIIRNG, BNy KL TG, RIE
PyObject* PyList_New (Py_ssize_t len)
Return value: New reference. {1 [ — MK H len T F 3, JeHtR [B] NULL.

W 24 len KTZW, 9 B A5 RIS 01 H Bl NULL, [ BEA/RASREH 2201 C &8
¥ pPysequence_SetTtem() i API 8i# H C lR¥PyList_SetItem () ¥ W HIXKE
BN GHTAT Python A 2 X AN 42 .

Py_ssize_t PyList_Size (PyObject *list)
IR list I FX RGP XFETAESFRX RPN len (list) .

Py_ssize_t PyList_GET_SIZE (PyObject *list)
TR C MfipyList_size () , ARG,

PyObject* PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. & |9| list {35 M%) 3 index 18 _F N 2. (L BELHRIER
I8 TE&%NJJ%%?E% HEATERG| . WIR index #1135 (<0 or >=len(list)), N/ [A] NULL Ffi% &
IndexError Ji,

PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. T2 C BREPyList_GetItem() , ARG,

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
R R RGN index W)IVLN item. BN [E] 00 IR index i H 3 B W2 8] -1 I & &

IndexError B,

TR SRS “fiE” — AR item (5] I ZF—DXIFIER P Z A E EREA & H 5

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
AR B A Py List_SetTtem (). Xl RPN THINRS Z oA WAL BT
5T,

i ZES k" — X item 51 H, (H5PyList_SetItem() AR E REEFIHEM
WA H IS AE list 0 i A28 ERATAT S | PR oot 2%

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
K45 H item ST AFNIN K list R51*5 index Z HIHIOLE . AERIPRER ] 05 AR IR A -1 F:

WE S, X T list.insert (index, item).
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int PyList_Append (PyObject *list, PyObject *item)
REXFG item G INENF)FE list AR o WA MR E] 05 QAR B MR B -1 F R E— .
M+ list.append (item),
PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. iR [B|—/NXF255%, 108 list 490460 low Fl high Z 8 %4 . WER
JEHINR A NULL HE R . ST list [low:highl. AIFEMIIRKREIHITRS.
int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
K- list 249 low 5 high 2[RIV 1K itemlist I NZY. AH24TF list [low:high] = itemlist,
itemlist WA NULL, FRMEN—2E0F% (WERYI ) o MEIREE R o, JIMBmhRIE -1, X5
ASCFRMINRAR RIEATRE .
int PyList_Sort (PyObject *list)
X list i) 2% H AT )RR . BEEIIRNR ] 0, RIMIRHR [ -1, XSEMT 1ist.sort ().
int PyList_Reverse (PyObject *list)
Xf list WA H AT IR SORS . biR ] O, RIKEFIRE] -1, XAEHT 1ist.reverse ().
PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. 320l —A~FiB oA 5, HA S list BINE; ST tuple (list).

int PyList_ClearFreelist ()

HERGIZR . IR [ PR 2% H 2
3.3 BRI HE.

8.4 FHMR

8.4.1 FHMITR

PyDictObject
XA pPyobject BTRAMFE 1 Python FHXTA
PyTypeObject PyDict_Type
Python F LA FIR APy TypeObject HISEH]. X5 Python ZH A dict EAHE M.
int PyDict_Check (PyObject *p)
TR p P M el E SRR 2R AU 5B, R Bl .
int PyDict_CheckExact (PyObject *p)
MR p g P M GUEA R P IR TR SE B, R [ .
PyObject* PyDict_New ()
Return value: New reference. 1 [l — AN 23 20, JR AR [B] NULL,
PyObject* PyDictProxy_New (PyObject *mapping)
Return value: New reference. J& 1] types .MappingProxyType X154, T iR HlHAT 233247 0 1
e XA TR AL E ARG IR B AR Sh A AU .
void PyDict_Clear (PyObject *p)
25 A I BT B
int PyDict_Contains (PyObject *p, PyObject *key)
T2 key 2R W ETETM p o AR key VLPC L p BE—50, WER[E 1, IGR[E 0 o d&[E] -1 3%
. XA [T Python %1k key in p .
PyObject* PyDict_Copy (PyObject *p)
Return value: New reference. 32 I8]5 p A5 F [A] A8 (E X 17 8 74l
int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
T key AF N BERE value SHENF M p o key WbZhashable ; QIRAZ, 24U TypeError 7. i
UM o, KMERIE -1 .
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int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
) key fF Jy 88 KF value fi A F) 7 # p . key 46N const char*. 8 X4 J2
PyUnicode_FromString (key) B2 . BEEHRE 0, KKEtRE -1,

int PyDict_DelItem (PyObject *p, PyObject *key)
B8 key MERTH p IO H o key AATRFIIEAHY ;s QIRAE, ML TypeError F. M)
WHR[E O, RIGIFR[E] -1

int PyDict_DelItemString (PyObject *p, const char *key)
TERF 3 p ol P AT ER key FEOMSREASZEH o BRI 0 L RIGFR[E] -1,

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)
Return value: Borrowed reference. ML p HIR B DA key SHEERIXT S . QNS key NIFAE(H A X
B R [ NULL.

FHEEMWE, WM _hash__ () M _eq O FETAEMIPERS M B, &

HPyDict_GetItemWithError () SR IRAE,

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () AR, BASFM SN . Y 5H LR
iR NULL Jf B — 5 H . AEREAAAENGR [ NULL Jf HA R E— R

PyObject* PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. X 5PyDict_GetItem() —FE, [HE key FZIIEE — const
char* , MAEPyObject*,

TEEEMZE, WH _hash__ () . __eq__ () FERGIE—ANIGE 74750 G 7= A 0 S0
oW . B PyDict_GetItemWithError () A4 Rk,

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. X} Python 2 dict .setdefault () —Fkf. UIRE key F£7E,
BIRBIAEFH p XY . WAL, B XFE defaultobj —idi AR 8] defaultobj . iX
MERECHTE key BIMGATRREL—IR, A ZTEE RN AR 2 5T EE .

3.4 B fE.

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. 1[0 —AM0 & F A Fr G #{H I Py ListObject,

PyObject* PyDict_Keys (PyObject *p)
Return value: New reference. 12 [B|— A& A i 88 (keys) i PyListObject,

PyObject* PyDict_Values (PyObject *p)
Return value: New reference. 112 [A]— AN 2 F it i {E (values) [ PyListObject,

Py_ssize_t PyDict_Size (PyObject *p)
R I EH A, ST p ) 1en (p) .

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
AT p YT BN . RS — U T R BT IR IE 21T, h ppos BT | Py_ssize_t
WA IR 05 2% B RCRE S 7 Ml (A BREEDOH R [ (L, — ELP A S X 4 425 5 B Wi [l
. T2 pkey I pvalue % 24815 PyObject * A&, BATR 2B I AE A EAERIE S, BT
PAN NULL. Sl BRI AR5 A R . ppos TEXAAUMIAIA AR . ERI(EZR/R NER
TR SR, JFH o TR MR, W IR L

Fn

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */
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T p AN A P A R A A o AR S, SR E R e, (BAURTRIES A
KW BIan:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, s&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 (o) ;

}

int PyDict_Merge (PyObject *a, PyObject *b, int override)
WX G b HEAT T AC, K M R N B F 0 a0 b WL — AL, S AR AT
¥jPyMapping Keys () MlPyObject_GetItem() WXt 5. W override i BEAH, WUIHRAE b
R EN R R B @ v AR R B SREDO R 4, 75 U SRAE @ v 950 R (] e D) L 5 m
EXF e MR ] 0 B3 M5 | K ka1,

int PyDict_Update (PyObject *a, PyObject *b)
X5 C W) pyDict_Merge(a, b, 1) —F:, 24T Python ) a.update (b), ZH|FE
TryDict_Update () TE5 “ NSV keys” JEERA & MR E A AREX A ES] . 24 82
R[] 0 B YT KA HI R R -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
K seq2 " SEIEN BB A H B a. seq2 WA AR JBEA 2 () A SE(EDAT ) T 3R 1 ATk ARx
. MAPLET ST, IR override ELGUNEUR HBURIREIEL . 4 RRTIRGEI 0 sk 47| % 5o
WRRIE -1, S840y Python AR (iR [{EERAN) -

def PyDict_MergeFromSeqg2 (a, seg2, override):
for key, value in seq2:
if override or key not in a:
alkey] = value

int PyDict_ClearFreelist ()

R IR ] PR 2% H 4L
3.3 B fE.

8.4.2 FEWMR

This section details the public API for set and frozenset objects. Any functional-
ity not listed below is best accessed using the either the abstract object protocol (includ-
ing PyObject_CallMethod(), PyObject_RichCompareBool (), PyObject_Hash (),

PyObject_Repr (), PyObject_IsTrue (), PyObject_Print (), and PyObject_GetIter()) or
the abstract number protocol (including PyNumber_ And (), PyNumber_Subtract (), PyNumber_Or (),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (),
PyNumber_InPlaceOr (),and PyNumber_InPlaceXor ()).

PySetObject
This subtype of PyOb ject is used to hold the internal data for both set and frozenset objects. It is like
aPyDictObject in thatitis a fixed size for small sets (much like tuple storage) and will point to a separate,
variable sized block of memory for medium and large sized sets (much like list storage). None of the fields
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of this structure should be considered public and are subject to change. All access should be done through the
documented API rather than by manipulating the values in the structure.

PyTypeObject PySet_Type
This is an instance of Py TypeObject representing the Python set type.

PyTypeObject PyFrozenSet_Type
This is an instance of Py TypeOb ject representing the Python frozenset type.

The following type check macros work on pointers to any Python object. Likewise, the constructor functions work
with any iterable Python object.

int PySet_Check (PyObject *p)
Return true if p is a set object or an instance of a subtype.

int PyFrozenSet_Check (PyObject *p)
Return true if p is a frozenset object or an instance of a subtype.

int PyAnySet_Check (PyObject *p)
Return true if p is a set object, a frozenset object, or an instance of a subtype.

int PyAnySet_CheckExact (PyObject *p)
Return true if p is a set object or a frozenset object but not an instance of a subtype.

int PyFrozenSet_CheckExact (PyObject *p)
Return true if pis a frozenset object but not an instance of a subtype.

PyObject* PySet_New (PyObject *iterable)
Return value: New reference. Return a new set containing objects returned by the iterable. The iterable may
be NULL to create a new empty set. Return the new set on success or NULL on failure. Raise TypeError if
iterable is not actually iterable. The constructor is also useful for copying a set (c=set (s)).

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. Return a new frozenset containing objects returned by the iterable. The
iterable may be NULL to create a new empty frozenset. Return the new set on success or NULL on failure.
Raise TypeError if iterable is not actually iterable.

The following functions and macros are available for instances of set or frozenset or instances of their subtypes.

Py_ssize_t PySet_Size (PyObject *anyset)
Return the length of a set or frozenset object. Equivalent to len (anyset). Raises a
PyExc_SystemError if anyset isnota set, frozenset, or an instance of a subtype.

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
Macro form of PySet_Size () without error checking.

int PySet_Contains (PyObject *anyset, PyObject *key)
Return 1 if found, O if not found, and -1 if an error is encountered. Unlike the Python ___contains__ ()
method, this function does not automatically convert unhashable sets into temporary frozensets. Raise a
TypeError if the key is unhashable. Raise PyExc_SystemError if anyset isnota set, frozenset,
or an instance of a subtype.

int PySet_Add (PyObject *set, PyObject *key)
Add key to a set instance. Also works with frozenset instances (like PyTuple SetTtem () itcan be
used to fill-in the values of brand new frozensets before they are exposed to other code). Return 0 on success
or —1 on failure. Raise a TypeError if the key is unhashable. Raise a MemoryError if there is no room
to grow. Raise a SystemError if sef is not an instance of set or its subtype.

The following functions are available for instances of set or its subtypes but not for instances of frozenset or
its subtypes.

int PySet_Discard (PyObject *set, PyObject *key)
Return 1 if found and removed, 0 if not found (no action taken), and —1 if an error is encountered. Does
not raise KeyError for missing keys. Raise a TypeError if the key is unhashable. Unlike the Python
discard () method, this function does not automatically convert unhashable sets into temporary frozensets.
Raise PyExc_SystemError if set is not an instance of set or its subtype.
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PyObject* PySet_Pop (PyObject *set)
Return value: New reference. Return a new reference to an arbitrary object in the set, and removes the object
from the set. Return NULL on failure. Raise KeyError if the set is empty. Raise a SystemError if set is
not an instance of set or its subtype.

int PySet_Clear (PyObject *set)
B2 B B I BN

int PySet ClearFreelist ()

RSN o R[] BRI 2% H AL
3.3 B e

8.5 EHHMR

8.5.1 AR

A —LeFE T Python BRI RAL
PyFunctionObject

T % C S5k,

PyTypeObject PyFunction_Type
XE— NPy TypeObject SLBIFHF~ Python pREZEE . ‘BAE N types.FunctionType [a] Python
PP AT

int PyFunction Check (PyObject *o)
AR o RRHN R GA N PyFunction Type) WiRFIF{H. EZ M AN NULL.

PyObject* PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. 32 [0] 5 ARSI code FIRIFT R BN R o globals WhFZ— A5, %R
BT AT IR 4 Jey A

AT X G h B BRSO FAFER 4 PR . __module__ £ )\ globals HHEHL. 24§ defaults, anno-
tations Ff closure i% 5 NULL., RS R FRAE R R .

PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. Z:{l\PyFunction_New (), {HiR PR BERETLE _ _qualname_
J@ M. qualname )% 4 2 unicode X4 8% NULL; f52 NULL I _ BN EH
__name__ JEMEHFIE.

3.3 FrhHhae
PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. 1% |8] 5 EREUC 5 op FERIIACHD X4 .
PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. 32|75 pREUT 4 *op* A R4 /L.
PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. 3R 8| BRET 5 op I __module__ J@VE, il#H H— ML THHAZ FR
FAFER, ERT AT Python ARSI A1 8] HABAT BEXS 42

PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 33 0] BRI 4 op IS EERAE . XA AR —DSHOoc4 B NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
NEREO G op WESHERINE. defaults W70 Py_None B—1I04l.

RG] % systemError S i [a] -

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 1% [0 5 BRE| BRI op B L. X W] PASE NULL BY, cell 3742 i)I04H .
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int PyFunction_SetClosure (PyObject *op, PyObject *closure)
BEE KEREI R EO S op IWFAEL. closure W4%5°k Py_None 5% cell X404

RIMIG % systemError S k[

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 32 |8 FREXRT 2 op HIARTE . XA DAE—A] 2R F sl NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BEE PREON S op AR . annotations 751K —A~F#LEL Py_None,

RIS % SystemError B IR M -1 .

8.5.2 ZEBIFHEIR
LBIITIE R PyCrunction (RS, MEKfPyCrunction SPEFIFMRI—MFTTTA. EFNTIH

ey H PyMethod_New (func, NULL, class).

PyTypeObject PyInstanceMethod_Type
XAPyTypeobject SLBIAZ Python SLBI A AL, EIFAXT Python B2/ AT

int PyInstanceMethod_Check (PyObject *0)
WSk o RLHITTIEX R B NPy InstanceMethod_Type) WEREIFAH. JEZM AN NULL,

PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. iR [0]—ANHBISEBI T YEXTS, func NoRAFEE R E NS, func BHAESLH)
TiERA A R BB o

PyObject* PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. 18] 3¢ E SLB1 532 im B BRE 4R .

PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 52 ANH Py InstanceMethod_Function (), WEE TR,

8.5.3 HEMR

TR ER BB S . AR SR — N A e SR SEGl. R4 EHE (FhEs—1 KN
) BT
PyTypeObject PyMethod_Type
XAPyTypeObject LI Python A AL, BAE N types.MethodType [i] Python FJF /2
Fe
int PyMethod_Check (PyObject *0)
W 0 RITIEM G GB N PyMethod_Type) MR EAL . FEZULA N NULL,
PyObject* PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. 1 [0l —FMI T NS, func N-RAEERTR NS, self “hi% )58 45
SEMSEBI . AR R I fune R R B R o self Wo5A 4 NULL,

PyObject* PyMethod_Function (P)Object *meth)
Return value: Borrowed reference. & 0] 5252 J5¥E meth HIBREUN 4 .

PyObject* PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. 72K PyMet hod_Function (), B&ETEERGI.

PyObject* PyMethod_Sel€£ (PyObject *meth)
Return value: Borrowed reference. 3z [0 5= 52| J7¥E meth HISEH o

PyObject* PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 72 PyMet hod _Self (), HB& T 4SRN .

int PyMethod ClearFreeList ()

RSN o R[] BRI 2% H AL
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8.5.4 Cell &

“Cell” MWLM T LI ML MEMEG AL & XTI AR, —> “Cell” XN TAFAHZET
PR 5T R A AR E SR A Sy e E@/‘Hﬁéﬁﬂﬁﬁ EE’JX}‘&PMFH%EEE’J “Cell” 5. 1iH
AEIS, KR “Cell” Al EAYE I A2 B ITHEXT R ALy . XA “Cell” XFR AR RIBALHY T I 752
SCRAAE Y515 DRI A2 H AR RBRALX LE N 2T “Cell” XA HALIL T FTREA A H -
PyCellObject

T Cell X4 C 4ithfk.

PyTypeObject PyCell_Type
5 Cell X5 AW BN 5.
int PyCell_Check (ob)
R ob 22— cell XTZ MR E FLAE ; ob WA NULL,
PyObject* PyCell_New (PyObject *ob)
Return value: New reference. B33 H:1% [0l —/ ML (H ob HHT cell X4, TJEZ 0] PAN NULL.

PyObject* PyCell_Get (PyObject *cell)
Return value: New reference. 1R [1] cell X% cell FHNZ

PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. 12 [B] cell %f 4 cell (NZ, (B2 cell 24 4E NULL I H h—A4>
cell X452,

int PyCell_Set (PyObject *cell, PyObject *value)

B cell X5 cell (INZEVHN value, XFFREFATATNT cell X744 1 NG H o value W PAH NULL,
cell WZ5°RAE NULL; ISR B AZE— cell RERNPKRR ] -1, QSR B T R [ o,

void PyCell_SET (PyObject *cell, PyObject *value)
K cell X R cell BIHBCHN value. AT, HF A BATH N DARIEZ: 455 cell AT AR
NULL Jf HR—A> cell X4,

8.5.5 LN

RbXF5 2 CPython SCBUAYMRIANTT o AU BR i ARG E 2 & b iy m] AT AU

PyCodeObject
T RA DT G G2/ C G54 . LS B BEnT Bl Bl

PyTypeObject PyCode_Type
g —PyTypeObject S, MR Python ) code AU,

int PyCode_Check (PyObject *co)
MR co &—> code XN [H] true,

int PyCode GetNumFree (PyCodeObject *co)
IR[E] co HEY H HZE AL

PyCodeObject* PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, Py-
Object *freevars, PyObject *cellvars, PyObject *filename, PyObject *name,
int firstlineno, PyObject *Inotab)
Return value: New reference. 1R[]l —AFi USRS G ARARTFZ— > MU SR a1 — AU
i, W PyCode_NewEmpty (). WHPyCode_New () EEWVASREFIMERIY Python fiiA~, [
FEFAT Y E XA H A

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname int firstlineno)

Return value: New reference. 3R 0] L 187 U4 . BB S — 4TS WSB48R . 4T exec ()
B eval () AR G2 AEER .
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8.6 Hith¥tR
8.6.1 IR

X4 APT 2 A ESCPEXT Y Python 2 C APT i/ ML, B AT C i ey Zenh /O (FILE* ) 52
FFo AE Python 3 1, SCPFRIGLAEATBI 1o BIER, ZAHAERAER GRS T Lok VO EE LT ILANZ -
IR P R RO T I LT APT (O ESE C fUEAE, ERUN TR P A R R =5
iR io APL,

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. ¥RIEEFT I 304 fd 1 SRR A 3 —> Python SCHEXT4 . B0 name,
encoding, errors il newline W] PA°K NULL Fon {8 FHERAE ;. buffering V] DAK -1 Feon{di F BRIAE . name
S AMEAUR A T 1 PR RIGEHR[E] NULL, F XS ELH R, E20H i0.open()
PRI SCRY

i T Python it A HE WS Z, IR ENTS OS SO HIAHE & & 7 AR A Bl )
(B e B M) o

TE 3.2 HUE G Z W% name JE1E.,

int PyObject_AsFileDescriptor (PyObject *p)
F5-5 p RIRRSCAHA SRR R int o APRXTGOUSBE, MR AR . WERBAT, TITE AR
fileno () H¥E (WERAFTE) ; E I EMLAUR Bl — R, RBUE N SR SHMER ] . & 5
AR MR M -1

PyObject* PyFile_GetLine (PyObject *p, int n)
Return value: New reference. Sy T p.readline ([n]) , EPMEREMNER p PiEE—FT. p oJDAR
AR HA readline () JPERAEMINSR . MR nog 0, WITCIRIZATRI EEQf], #foEiH
—F7 e WR 0 KT 0%, MM EEBORN L n AN 775 ATRARBIAT I —8 7. FEXPAMEDL T,
WERSLENB) R SRR R, WRM AP fidr. (22, Q2R n/hTF 0, MITCIe KBl Beli—1T,
HRZ AR B EIA SRR, W5 % EOFError,

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
FEXIR obj AR p o flags ME—SCFpibrE /& Py_PRINT_RAW; WIRZE, WEHAXNLRH
str () MAZ repr ()« MIIRERE] 0, RIGHHRE] -1, FFECEE 41 B15

int PyFile_WriteString (const char *s, PyObject *p)
FEFRFER s GRS po BRI 0 RIBGRIA] —1; KFEE FHIV. 1) 8

8.6.2 {RIRIMR

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.
int PyModule_CheckExact (PyObject *p)
Return true if p is a module object, but not a subtype of PyModule_Type.
PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. Return a new module object with the ___name___ attribute set to name. The mod-

ule’s_ _name_ ,_  doc_ ,_ package_ ,and__ loader__ attributesarefilledin (allbut___name_
are set to None); the caller is responsible for providinga ___file_  attribute.

3.3 Bl Tge.
JE 3.4 R ER: _ _package_ _and _ loader_ are set to None.
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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 Hge.

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 fE.

const char* PyModule_GetFilename (PyObject *module)
Similar to PyModule_GetFilenameObject () but return the filename encoded to "utf-8’.

32 GE#%: PyModule GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule_GetFilenameObject () instead.

Initializing C modules

Modules objects are usually created from extension modules (shared libraries which export an initialization function),
or compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()). See
building or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule Create (), and return the
resulting module object, or request “multi-phase initialization” by returning the definition struct itself.

PyModuleDef
The module definition struct, which holds all information needed to create a module object. There is usually
only one statically initialized variable of this type for each module.

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_HEAD_INIT.

const char *m_name
Name for the new module.

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.
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Py_ssize_tm_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule_GetState (), rather than in static globals. This makes modules safe for use in
multiple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ f ree function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global
state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m_size is required for multi-phase initializa-
tion.

See PEP 3121 for more details.

PyMethodDef* m_methods
A pointer to a table of module-level functions, described by PyMethodDe f values. Can be NULL if no
functions are present.

PyModuleDef Slot* m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When
using single-phase initialization, m_slots must be NULL.

TE 3.5 R H 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 may be called before module state is allocated (PyModule_ GetState () may return NULL),
and before the Py_mod_exec function is executed.

inquirym_clear
A clear function to call during GC clearing of the module object, or NULL if not needed. This function
may be called before module state is allocated (PyModule_ GetState () may return NULL), and
before the Py_mod_exec function is executed.

freefunc m_free
A function to call during deallocation of the module object, or NULL if not needed. This function may
be called before module state is allocated (PyModule_GetState () may return NULL), and before
the Py_mod_exec function is executed.

Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as “single-
phase initialization”, and uses one of the following two module creation functions:

PyObject* PyModule_Create (PyModuleDef *def’)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Create?l () with module_api_version set to PYTHON_API_VERSION.

PyObject* PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Create a new module object, given the definition in def, assuming the
API version module_api_version. If that version does not match the version of the running interpreter, a
RuntimeWarning is emitted.

{Efit:  Most uses of this function should be using PyModule Create () instead; only use this if you are
sure you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using func-
tions like PyModule AddObject ().
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Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way
behave more like Python modules: the initialization is split between the creation phase, when the module object is cre-
ated, and the execution phase, when it is populated. The distinction is similar tothe __new___ () and __init__ ()

methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry
is removed and the module is re-imported, a new module object is created, and the old module is subject to normal
garbage collection -- as with Python modules. By default, multiple modules created from the same definition should
be independent: changes to one should not affect the others. This means that all state should be specific to the module
object (using e.g. using PyModule_GetState ()),or its contents (such as the module’s __dict__ orindividual
classes created with Py Type_ FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple
modules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDef in-
stance with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the
following function:

PyObject* PyModuleDef_Init (PyModuleDef *def)
Return value: Borrowed reference. Ensures a module definition is a properly initialized Python object that
correctly reports its type and reference count.

Returns def cast to PyObject*, or NULL if an error occurred.
3.5 Frihfe.
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 FrhfE.
The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create
Specifies a function that is called to create the module object itself. The value pointer of this slot must point
to a function of the signature:

PyObject* create_module (PyObject *spec, PyModuleDef *def’)

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should
return a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynam-
ically adjust to their place in the module hierarchy and be imported under different names through symlinks,
all while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_Type. Any type can be
used, as long as it supports setting and getting import-related attributes. However, only PyModule_Type
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instances may be returned if the PyModuleDef has non-NULL m_traverse,m_clear, m_free; non-
zero m__size; or slots other than Py_mod_create.

Py_mod_exec
Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python
module: typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject* module)
If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

See PEP 489 for more details on multi-phase initialization.

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used directly,
for example when creating module objects dynamically. Note that both PyModule_FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. Create a new module object, given the definition in module and the Mod-
uleSpec spec. This behaves like PyModule FromDefAndSpecZ2 () with module_api_version set to
PYTHON_API_VERSION.

3.5 B fE.

PyObject * PyModule_FromDefAndSpec2 (PyModuleDef  *def,  PyObject  *spec, int mod-
ule_api_version)
Return value: New reference. Create a new module object, given the definition in module and the ModuleSpec
spec, assuming the API version module_api_version. If that version does not match the version of the running
interpreter, a Runt imeWarning is emitted.

{Ef#: Most uses of this function should be using PyModule FromDefAndSpec () instead; only use this
if you are sure you need it.

3.5 B fE.

int PyModule_ExecDef (PyObject *module, PyModuleDef *def")
Process any execution slots (Py_mod_exec) given in def.

3.5 B fE.

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 PyMethodDe £ doc-
umentation for details on individual entries (due to the lack of a shared module namespace, module level
“functions” implemented in C typically receive the module as their first parameter, making them similar to
instance methods on Python classes). This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 B fE.
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Support functions

The module initialization function (if using single phase initialization) or a function called from a module execution
slot (if using multi-phase initialization), can use the following functions to help initialize the module state:

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Add an object to module as name. This is a convenience function which can be used from the module’s initial-
ization function. This steals a reference to value on success. Return —1 on error, O on success.

{Ef#:  Unlike other functions that steal references, PyModule_AddObject () only decrements the refer-
ence count of value on success.

This means that its return value must be checked, and calling code must Py DECREF () value manually on
error. Example usage:

Py_INCREF (spam) ;

if (PyModule_AddObject (module, "spam", spam) < 0) {
Py_DECREF (module) ;
Py_DECREF (spam) ;
return NULL;

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Add an integer constant to module as name. This convenience function can be used from the module’s initial-
ization function. Return —1 on error, 0 on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Add a string constant to module as name. This convenience function can be used from the module’s initialization
function. The string value must be NULL-terminated. Return —1 on error, 0 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.

Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter.
This allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can
be created from a single definition.

PyObject* PyState_FindModule (PyModuleDef *def')
Return value: Borrowed reference. Returns the module object that was created from def for the current
interpreter. This method requires that the module object has been attached to the interpreter state with
PyState_AddModule () beforehand. In case the corresponding module object is not found or has not
been attached to the interpreter state yet, it returns NULL.

int PyState_AddModule (PyObject *module, PyModuleDef *def)
Attaches the module object passed to the function to the interpreter state. This allows the module object to be
accessible via PyState_ FindModule ().

Only effective on modules created using single-phase initialization.

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary (but harm-
less) to call it from module initialization code. An explicit call is needed only if the module’s own init code
subsequently calls PyState_FindModule. The function is mainly intended for implementing alternative
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import mechanisms (either by calling it directly, or by referring to its implementation for details of the required
state updates).

Return O on success or -1 on failure.
3.3 B e
int PyState_RemoveModule (PyModuleDef *def )

Removes the module object created from def from the interpreter state. Return O on success or -1 on failure.

3.3 B fE

8.6.3 XM ZBIXK

Python 2t 7PNl A AER R . S AR PsE g, B S __getitem () JMRHMEER
B o 58 AN v XS A — sentinel {5, H A A BG4S TR RO SR, #T [1] sentinel {i
INEAT B A

PyTypeObject PySeqIter_ TYPe
pySeqTter_New () JRIIEAADIT G IS QA B FFIR TN B R iter O MRS HOE.

int PySeqIter_Check (0p)
WS op BT PySeqlter Type NIR[H true,

PyObject* PySeqIter_New (PyObject *seq)

Return value: New reference. JBIEIQ/\%.%%LJ?EJXT%% S A IEACES seq. 4P R ERAVES | &
IndexError I}, #HEL5H

PyTypeObject PyCallIter_Type
HipR % PycallTter New () fl iter () WEBREHINSHILR B E R R LERNTE .

int PyCallIter_Check (op)
WM op Al Pycalllter Type Wk [H true.

PyObject* PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. I [\l — PN FiHIEREE. HB— 1S5 callable 1] DA BATA0] 0] DAXE IR A S5
(RGO T R A A Python RIEAIXTS s AR HER I R BHER T — DI H « Y callable 3% 7] %
T sentinel FOfERT, FEACKHE L.

8.6.4 HIRFFIER

HDRTTY RAIAN R R XS BT R AN Ry i
PyTypeObject PyProperty_Type
R IAFF R B R4

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)
TSRS IRFT NG descr f5iAEEEME:, MERIA] true; WERHRGA L, MR false. descr WA
FERTGE ;s WH R .
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PyObject* PyWrapper_New (PyObject *, PyObject *)
Return value: New reference.

8.6.5 YR XgR

PyTypeObject PySlice_Type
The type object for slice objects. This is the same as s1ice in the Python layer.

int PySlice_Check (PyObject *ob)
Return true if ob is a slice object; ob must not be NULL.

PyObject* PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. Return a new slice object with the given values. The start, stop, and step param-
eters are used as the values of the slice object attributes of the same names. Any of the values may be NULL,
in which case the None will be used for the corresponding attribute. Return NULL if the new object could not
be allocated.

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
Py_ssize_t *step)
Retrieve the start, stop and step indices from the slice object slice, assuming a sequence of length length. Treats
indices greater than length as errors.

Returns 0 on success and -1 on error with no exception set (unless one of the indices was not None and failed
to be converted to an integer, in which case -1 is returned with an exception set).

You probably do not want to use this function.
FE 3.2 WU PR The parameter type for the slice parameter was PyS1iceObject * before.

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
Py_ssize_t *step, Py_ssize_t *slicelength)
Usable replacement for Py S1ice_GetIndices (). Retrieve the start, stop, and step indices from the slice
object slice assuming a sequence of length length, and store the length of the slice in slicelength. Out of bounds
indices are clipped in a manner consistent with the handling of normal slices.

Returns 0 on success and —1 on error with exception set.

{#f#t:  This function is considered not safe for resizable sequences. Its invocation should be replaced by a
combination of PySlice_Unpack () and PySlice AdjustIndices () where

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) <o
—0) A
// return error

is replaced by

if (PySlice_Unpack(slice, &start, &stop, é&step) < 0) |
// return error
;
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

1 3.2 iR B 24 The parameter type for the slice parameter was PyS1iceObject * before.

¥E 3.6.1 iR B If Py_LIMITED_API is not set or set to the value between 0x03050400 and
0x03060000 (not including) or 0x03060100 or higher PySlice_GetIndicesEx () isimplemented
as a macro using PySlice_Unpack () and PySlice_AdjustIndices (). Arguments start, stop and
step are evaluated more than once.

36.1 )G E # [: If Py _LIMITED_API is set to the value less than 0x03050400 or between
0x03060000and 0x03060100 (notincluding) PySlice_GetIndicesEx () isadeprecated function.
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int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
Extract the start, stop and step data members from a slice object as C integers. Silently reduce
values larger than PY_SSIZE_T_MAX to PY_SSIZE_T_MAX, silently boost the start and stop val-
ues less than PY_SSIZE_T_MIN to PY_SSIZE_T_MIN, and silently boost the step values less than
-PY_SSTIZE_T_MAXto-PY_SSIZE_T_MAX.

Return —1 on error, O on success.
3.6.1 B YIRE.

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize t *start, Py_ssize_t *stop,
Py_ssize_t step)
Adjust start/end slice indices assuming a sequence of the specified length. Out of bounds indices are clipped
in a manner consistent with the handling of normal slices.

Return the length of the slice. Always successful. Doesn’t call Python code.

3.6.1 B EhE.

8.6.6 Ellipsis Object

PyObject *Py_Ellipsis
The Python E11ipsis object. This object has no methods. It needs to be treated just like any other object
with respect to reference counts. Like Py_ None it is a singleton object.

8.6.7 MemoryView %5

—/>memoryview XfR CHHIMLE A R 42 7 F§EH— 0] PABALATHAD X 5 — 211 Python X4 .

PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. M 3RALZE P X 22 1 A% % 61 memoryview X4 . WIH: obj 357 525 vh
X5, W memoryview Xf GO0 AR/ S, HIE T AER Kk, Wrl ATy BTt ER
B/,

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)

Return value: New reference. f§i i mem 1§ 1K J2 2% vh X 4] ## — > memoryview X% . flags 7] DA &
PyBUF_READ B{# PyBUF_WRITE . —.

3.3 BRI fE.
PyObject *PyMemoryView_FromBuffer (Py_buffer *view)

Return value: New reference. | — A8 4 Gl IX 454 view (1) memoryview X5, X (i HLAY
TEMIX, PyMemoryView FromMemory () & %%

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. M & LG X 43 11 H) X 42 61 it — > memoryview X} % contiguous PN 17
(#£°C 8 ’Fortran order H1) . MR NFFFEHLEN, W] memoryview XFRIG [ FIANTFE. A, &2 T
H. memoryview 5 [a] 5 [1\] bytes XT4 .

int PyMemoryView_Check (PyObject *obj)
AIERXT S obj & memoryview XI5, NRIE true o H A ARFAIE memoryview B12E.

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
iR [H] 45 7] memoryview 15 ) b IXFAA B AR ES . mview £a22—> memoryview SEfi; XA~
ARTAERRE, R/ H O A, 75 MR TR i i 5 XU -

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
iR [F memoryview ft 3 F ) 5 X R W8 £, 2 & W R memoryview £ MR
;Eﬂ(PyMemoryVi ew_FromMemory () ﬁPyMemoryViewﬁFromBuffer () ﬁIJ Je:s D_IIJ % 8] NULL.,
mview #SE—4~ memoryview SZfF
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8.6.8 855IAXMR

Python S “SH51 M fEA—I WG HARRUL, AP ERLBSETI AR . 58— F f 505
FXFER, 5 AR AT BRI o — AN RO SR A A

int PyWeakref_Check (ob)
TR “ob” AT HEE MRS, WERE troe.

int PyWeakref_CheckRef (ob)
A “ob” Z—A5IH, NERME true.

int PyWeakref_CheckProxy (ob)
W “ob” F— MBS, WR[E true.

PyObject* PyWeakref_NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. 12 W %42 ob B— 5595 X% . ZEEUR SR — 0514, 2
ARAEA B —ASHT RS bﬁ—fﬁ'éﬁlﬁl*/\fjuﬁﬂ’ﬁ'lfﬁﬁﬁﬁ A IS callback Fj—A> P
HXT4, ESTE ob WA MR BB GE A BNz N RMIES, BI5Ss XA,
callback 7] DA None B{ NULL. 415K ob N2 — 5551 HIXIS, BUEWIR callback A2 ] I XT
4, None B{ NULL, ZERECHR B NULL 3 H5| % TypeError,

PyObject* PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. iR [FIX4E ob 1)—1~555 1 HACEEXT . ZRBCRE B2 R Bl — 851 H
(BRI ERT 4 A W REIR Bl — NP RN S . 58 A S callback “J—A~ 7]
XL, BERTE ob YA ABIR W B CE T BN ZEZ— D RMIES, s IR AL .
callback #.7] DAk None B NULL. W5 ob ANg— 595 XIS, s Wi callback A& w] i R
% None B{, NULL, ZR¥CHR[F NULL 7 HE5| % TypeError.

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. 3171555 | X4 ref B85 1 XIS . WS | I RATAAAE, W
iR [H] Py_None,

TEfR: R BGR IR X GRA—A = RG] . XM B AR AR 1 RELE R (8 1 39 )i
S5 N TT e AN B MR G AT % S i Py INCREF (),

PyObject* PyWeakref_GET_OBJECT (PyObject *ref’)
Return value: Borrowed reference. 25{))\Pyleakref GetObject (), {HIEM H— N AMEEG LN

Vo=

Tn o

8.6.9 IXFE

A7 KA X LR G B 2 45 1§ 2 Y using-capsules..

3.1 FrhnHhae

PyCapsule
BLA~Pyobject IFREUREFE —AMERH, A 25 Python fURRHERME (DA void* #5511
) M C I R L b2y Hofth C ARSI ARG . Bl H A TRE m— MR g W C iR E

PRERFR BT & s 2h HAARE , DAGERT AR BLR I BAT . X e iffl i 1E 3 A e S AL ) sh 25 m
gy C APL,

PyCapsule_Destructor
XA — TR o] — I, AT

typedef void (*PyCapsule_Destructor) (PyObject *);

Z | PyCapsule_New () F3HL PyCapsule_Destructor 3% [F{H fiiE:

int PyCapsule_CheckExact (PyObject *p)
WARSHIE— A PyCapsule MR IEI True

120 Chapter 8. AZHMRE



The Python/C API, k% 3.7.7

PyObject* PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. Create a PyCapsule encapsulating the pointer. The pointer argument may not
be NULL.

On failure, set an exception and return NULL.

The name string may either be NULL or a pointer to a valid C string. If non-NULL, this string must outlive the
capsule. (Though it is permitted to free it inside the destructor.)

If the destructor argument is not NULL, it will be called with the capsule as its argument when it is destroyed.

If this capsule will be stored as an attribute of a module, the name should be specified as modulename.
attributename. This will enable other modules to import the capsule using PyCapsule_Import ().

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)
Retrieve the pointer stored in the capsule. On failure, set an exception and return NULL.

The name parameter must compare exactly to the name stored in the capsule. If the name stored in the capsule
is NULL, the name passed in must also be NULL. Python uses the C function st rcmp () to compare capsule
names.

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Return the current destructor stored in the capsule. On failure, set an exception and return NULL.

It is legal for a capsule to have a NULL destructor. This makes a NULL return code somewhat ambiguous; use
PyCapsule_IsValid() or PyErr_Occurred () to disambiguate.

void* PyCapsule_GetContext (PyObject *capsule)
Return the current context stored in the capsule. On failure, set an exception and return NULL.

It is legal for a capsule to have a NULL context. This makes a NULL return code somewhat ambiguous; use
PyCapsule_IsValid() or PyErr_Occurred () to disambiguate.

const char* PyCapsule_GetName (PyObject *capsule)
Return the current name stored in the capsule. On failure, set an exception and return NULL.

It is legal for a capsule to have a NULL name. This makes a NULL return code somewhat ambiguous; use
PyCapsule_IsValid() or PyErr_Occurred () to disambiguate.

void* PyCapsule_Import (const char *name, int no_block)
Import a pointer to a C object from a capsule attribute in a module. The name parameter should
specify the full name to the attribute, as in module.attribute. The name stored in the cap-
sule must match this string exactly. If no_block is true, import the module without blocking (using
PyImport_ImportModuleNoBlock ()). If no_block is false, import the module conventionally (us-
ing PyImport_ImportModule ()).

Return the capsule’s internal pointer on success. On failure, set an exception and return NULL.

int PyCapsule_IsValid (PyObject *capsule, const char *name)
Determines whether or not capsule is a valid capsule. A valid capsule is non-NULL, passes
PyCapsule_CheckExact (),hasanon-NULL pointer stored in it, and its internal name matches the name
parameter. (See PyCapsule_GetPointer () for information on how capsule names are compared.)

In other words, if PyCapsule_ IsValid () returns a true value, calls to any of the accessors (any function
starting with PyCapsule_Get () ) are guaranteed to succeed.

Return a nonzero value if the object is valid and matches the name passed in. Return 0 otherwise. This function
will not fail.

int PyCapsule_SetContext (PyObject *capsule, void *context)
Set the context pointer inside capsule to context.

Return 0 on success. Return nonzero and set an exception on failure.

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Set the destructor inside capsule to destructor.

Return 0 on success. Return nonzero and set an exception on failure.
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int PyCapsule_SetName (PyObject *capsule, const char *name)
Set the name inside capsule to name. If non-NULL, the name must outlive the capsule. If the previous name
stored in the capsule was not NULL, no attempt is made to free it.

Return 0 on success. Return nonzero and set an exception on failure.

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Set the void pointer inside capsule to pointer. The pointer may not be NULL.

Return 0 on success. Return nonzero and set an exception on failure.

8.6.10 AR BEXR
A g AT 502 Python IR SEHUAR A ik AR 4 . BN E A R A AR E M R EOR I8, A Z i

K PyGen_New () B PyGen_NewWithQualName () .

PyGenObject
T HE AT C S5t A
PyTypeObject PyGen_Type
S NARR RO R AR 5.
int PyGen_Check (PyObject *ob)
W2 ob Z— LR SR B E(E; ob WA NULL,
int PyGen_CheckExact (PyObject *ob)
W ob 2R PyGen_Type WHRBIE(E; ob WA NULL,
PyObject* PyGen_New (PyFrameObject *frame)
Return value: New reference. 3£+ frame XA I & Bl — B4 AR XS S o BLRRELSS BIGE — X
frame 51 1. SELAIA N NULL,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. =T frame Xt 2 AR M —/NH B0 4 igs Xt 4, HAf _ name_ fll
__qualname__ ¥4 name Fl qualname. BLRRELSHGE—XT frame (51 o frame ZHLHUR R
NULL,

8.6.11 {hiZ¥ R

3.5 FrihfE.
RG] async KBRS WY B B0 Y o
PyCoroObject
TG C Zhta k.
PyTypeObject PyCoro_Type
AN ESE SONANESIERT 8
int PyCoro_CheckExact (PyObject *ob)
WR ob HFAZ Py Coro_Type W FE; ob A4 N NULL,

PyObject* PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. T frame 2 A1 @ FH R Bl — /N H a0 thAEXT %, HAf _ name_ Fl
__qualname__ %} name Fl qualname., BLRRELSBUAS— KT frame (951 H o frame SR N
NULL,
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8.6.12 L T TEEMR

TEMR: 75 3.7.1 BCER: A€ Python 3.7.1 . Iy bR SC & C APLIZE A 0 WA Pyob ject $55

MAEPyContext, PyContextVar P\ PyContext Token, fFlUl:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

NS £ issue: * 347627,

3.7 B IItE
BRIEANG T contextvars fEHA) A C APL,

PyContext
T3~ contextvars.Context X2 C g5,

PyContextVar
JTF 3R contextvars.ContextVar XRI C Z5H1K,

PyContextToken
TR contextvars. Token X5 H) C Z5HK,

PyTypeObject PyContext_Type
PR context BRI RAINT G2

PyTypeObject PyContextVar_Type
SR context variable ZERURRTIN 4

PyTypeObject PyContextToken_Type
278 context variable token ZSTI IS RINT 42

KRBT
int PyContext_CheckExact (PyObject *o)

MR o ERB A PyContext Type WIRIEIEAE. o WA NULL. MREUEZ 2 BT,
int PyContextVar_CheckExact (PyObject *0)

W o WA PyContextVar Type MR EAH. o UAUR K NULL. JLRRELE &2 AT
int PyContextToken_CheckExact (PyObject *o0)

MR o AN PyContext Token Type MIRBIE(H. o AR A NULL, MEREUE 22 BT .
BRSO S AE R
PyObject *PyContext_New (void)

Return value: New reference. Bl 73t— AN a5 BRSO . WA & A 4512 W3R 7] NULL,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. BT E AW cox bR SOOI 7EE DL, a0 s A A= S5 W3k 7] NULL,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. |24 HT&AE N SCHIEFE V. 2R & A AR NI [F] NULL

int PyContext_Enter (PyObject *ctx)

K ctx B BIAARR Y BI_E R 3C, SRR 0, H IR m] -

int PyContext_Exit (PyObject *ctx)
WOHHE cox ETFSOFRZ B _EF ST ) M BT ARAR R 24150 7R 3Ce iR [e] o, R R [l
_1 o

int PyContext_ClearFreeList ()
Clear the context variable free list. Return the total number of freed items. This function always succeeds.
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S

PyObject *PyContextVar_New (const char *name, PyObject *def )
Return value: New reference. Bl|#—4~#1’° ContextVar > ¥4 . fEZ *name* T H ?ﬂﬂﬁéﬂliﬁl i H
1. FIEIES *def* Sy BN R R EIME . WA R, XA REGRE NULL "

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
PRI F S EE. R AR R AR R, REC -1, AR R AR, TR m K
FIfE, HRREP°07,

WERARH] F NS, value $E2 38 B RIHEE . QAR BN SUE S RA KB, value FHEI :
e default_value, YNHIE “NULL,
o var fUERCIAE, WA NULL;
e NULL

WERHENZAE, RBCR RIS BB .

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 782451 _F N SCH ¥ var I{HIX N value., IR [B1FE 18] PyObject N4 FE4T,
AR S A B IR 8] NULL

int PyContextVar_ Reset (PyObject *var, PyObject *token)
& _E-E'.; var EI’JJJ:%EEE?@ I:T [a] token WjPyContextVar Set () HNZ AIHPIRE . B
PREURIIN R ] 0, AN IR

8.6.13 DateTime W&

datetime FRHHRMUL T &R0 H IR B RINT G2 . AR HAE A X 28 s B 2 1, O AAE AR B RS A B3k SC
4 datetime.h G E I H R EEHE Python.h ), ﬁﬂf PyDateTlme_IMPORT it %3
AP, R AVE BRI R AL R — . XD E SRR MERE C S5 M FREIA — S &
PyDateTimeAPT 1, ‘B&xi I Z KM .

#1)i b UTC Efi:

PyObject* PyDateTime_TimeZone_UTC
R E|FER UTC gB X B, 5 datetime.timezone.utc NfE—%4 .,
3.7 Frihhe

FRG AR

int PyDate_Check (PyObject *ob)

W3R ob 2y PyDateTime_DateType 25Hlal PyDateTime_DateType HJIHEAST-ZEAIN) & ] HAH .
ob INfE>N NULL,

int PyDate_CheckExact (PyObject *ob)
W ob >k PyDateTime_DateType ZEFINMIR [ BE{H. ob AHEN NULL.

int PyDateTime_Check (PyObject *ob)
R ob f) PyDateTime_DateTimeType B PyDateTime_DateTimeType M FIEH
N3R B Bl . ob ANFEN NULL,

int PyDateTime_CheckExact (PyObject *ob)
ISR ob S PyDateTime_DateTimeType KAINREEAE. ob AEEN NULL,

int PyTime_Check (PyObject *ob)
R ob B2 AIE PyDateTime_TimeType B & PyDateTime_TimeType BTSN B HAH.
ob WIASH NULL,

int PyTime_CheckExact (PyObject *ob)
IR ob [25FL K PyDateTime_TimeType MR [E EH. ob VoA A NULL,
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int PyDelta_Check (PyObject *ob)
IR ob F) PyDateTime_DeltaType 2KFlaf PyDateTime_DeltaType I TZRELNR B B
fli. ob Rfigly NULL.

int PyDelta_CheckExact (PyObject *ob)
S ob i PyDateTime_DeltaType LHINMIR M B{H. ob AFEN NULL,

int PyTZInfo_Check (PyObject *ob)
W3R ob 2 PyDateTime_TZInfoType KA PyDateTime_TZInfoType M348 ik [H]
EfH. ob WA A NULL,

int PyTZInfo_CheckExact (PyObject *ob)
SR ob 12 ALE PyDateTime_TZInfoType NR[E|E E. ob ANfEHN NULL,

iRRelyete P

PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. IR [B|35F4E. H. HHJ datetime.date X4,

PyObject* PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second,

int usecond )
Return value: New reference. IR 0| B G ¥8E4E. &, H.

POE
PyObject* PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,
int second, int usecond, int fold)
Return value: New reference. 12 [0 B.A 35 7€ year, month, day, hour, minute, second, microsecond #f1 fold J&
Py datetime.datetime %4,

3.6 B

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. %[0 H./5 35 £ hour, minute, second and microsecond JE 4[] datetime.
time ¥4,

PyObject* PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. 3% [0] H. 75 48 %€ hour, minute, second, microsecond Al fold J& 4/ datet ime.
time X4,

3.6 FIRE.
PyObject* PyDelta_FromDSU (int days, int seconds, int useconds)

Return value: New reference. 12 [ fARE 2 K. FPRAIGAIEN datetime. timedelta X5 . FFHAT
IE A E A A AP R UL 7E datetime . timedelta XA SCRYFE I IXAI Z .

PyObject* PyTimeZone_FromOffset (PyDateTime_DeltaType* offset)
Return value: New reference. 12 [i|—/~ datetime.timezone X}%, ZMERFH VA offset ZH RN
A 24 [ ) 22
3.7 B HIHe.
PyObject* PyTimeZone_FromOf fsetAndName (PyDateTime_DeltaType* offset, PyUnicode* name)
Return value: New reference. 12 [A|—/~ datetime.timezone XJ4, ZMEEE VA offset ZHFHERT
[F] 58 B 22 F S K4 B name
3.7 B EIse.
— BB ok M date X b B BUF BE Y . S EL 2 PyDateTime_Date 40 4% H 128 (i
PyDateTime_DateTime) [5Lfl. SEAAIA N NULL, I HIRBURY: A4
int PyDateTime_GET_YEAR (PyDateTime_Date *0)
PATEBEE A T 2l [l A0
int PyDateTime_GET_MONTH (PyDateTime_Date *0)
R, MO B 12 HEEEL

int PyDateTime_GET_DAY (PyDateTime_Date *0)

REHET, A0 2] 31 BRAL

BF. 4. FPRITRPIY datetime.datetime
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— LB e M datetime X} 5 IR BT B 25 - SIS PyDateTime_DateTime 4% HF2MsLH]. &

BOLWIA A NULL, I HEBAR PG

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *o)
IR[E/INGE, A O B 23 [ REEL

int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
R 7B, AN 0 B 59 AYRERL.

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *o)
AR[EED, MO F 59 f AL

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
R EED, A0 ] 999999 f AL .

—LEHR time XPR PRI BN . SHU e PyDateTime_Time WFHT-RMEH. =

AR NULL, HHERUR Sk

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *o)
AR [N, A0 B 23 fRERL

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *o)
MmO 2 59 HHEEEL

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *o)
REFE, MO F 59 HEEEL.

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
R EAD, A0 F] 999999 fyHELL.

—LEHR M timedelta X} 4 B BN % . SEA/E PyDateTime_Delta fHEH AL H .

WIS K NULL, Ff HRBUAN S 9liG

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
PR IEFHL, M-999999999 F| 999999999 [y ek,

3.3 Hr s

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *o)
[HIRDE, AN O F 86399 MHEEL.

3.3 B Hhe

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *o)
R ERE, MO £ 999999 [ HEEL .
3.3 B fE

— AT ARSI DB API 75

PyObject* PyDateTime_FromTimestamp (PyObject *args)

Return value: New reference. £ 1R [0 — 4 ETCHSEHI B datetime.datetime X4,
f£44 datetime.datetime. fromtimestamp () »

PyObject* PyDate_FromTimestamp (PyObject *args)
Return value: New reference. Bl 83 iR [0 — N5 B TCH S EH datetime.date X4,
datetime.date.fromtimestamp (),

O

28

A,ﬁ% Q/\

126 Chapter 8. HiFHY

HRE



CHAPTER 9

Initialization, Finalization, and Threads

9.1 # Python gt 280

In an application embedding Python, the Py_Tnitialize () function must be called before using any other
Python/C API functions; with the exception of a few functions and the global configuration variables.

FEWI AL Python 2 1], I DAZE 4 i AR R &K
o MCE PR

PyImport_AppendInittab ()
PyImport_ExtendInittab ()
PyInitFrozenExtensions ()
PyMem_ SetAllocator ()
PyMem_SetupDebugHooks ()
PyObject_SetArenaAllocator ()
Py_SetPath()
Py_SetProgramName ()
Py_SetPythonHome ()
Py_SetStandardStreamEncoding ()
PySys_AddWarnOption ()
PySys_AddXOption ()

PySys_ResetWarnOptions ()

o fEE R

Py _IsInitialized()
PyMem_GetAllocator ()
PyObject_GetArenaAllocator ()
Py _GetBuildInfo()

Py_GetCompiler ()
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— Py _GetCopyright ()
— Py _GetPlatform()
— Py_GetVersion/()

. AT
— Py_DecodeLocale ()

© WAL

— PyMem RawMalloc ()
— PyMem_RawRealloc ()

— PyMem_RawCalloc ()

PyMem_RawFree ()

o R PLF R . A B % fEPy _Initialize(): Py_EncodeLocale (),
Py_GetPath(), Py_GetPrefix(), Py_GetExecPrefix(), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () M PyEval_InitThreads () HJHH-

9.2 £REETE

Python has variables for the global configuration to control different features and options. By default, these flags are
controlled by command line options.

When a flag is set by an option, the value of the flag is the number of times that the option was set. For example, b
sets Py_BytesWarningFlagto |l and -bb sets Py_BytesWarningFlagto?2.

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.

B —b I3

Py_DebugFlag
Turn on parser debugging output (for expert only, depending on compilation options).

Set by the —d option and the PYTHONDEBUG environment variable.

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.

Py_FrozenFlag
Suppress error messages when calculating the module search path in Py_GetPath ().

Private flag used by _freeze_importlib and frozenmain programs.

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.

Py_IgnoreEnvironmentFlag
ZUM& FrAA PYTHON* PRIEAS &, Flann] GEC. % B PYTHONPATH Hl PYTHONHOME

H-E A -1 JETE .

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.
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Set by the —1 option and the PYTHONINSPECT environment variable.
Py_InteractiveFlag

Hﬂ -1 iﬁlﬁﬁﬁio
Py _TIsolatedFlag

Run Python in isolated mode. In isolated mode sys.path contains neither the script’s directory nor the
user’s site-packages directory.

Hﬂ -1 ﬁlﬁ&ﬁo
3.4 e

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.
AREZHAMEE, S PEP 529,
Al i E: Windows.,

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.
ARELZTEMELE, WS PEP 528,
A i PE: Windows.

Py_NoSiteFlag
S site By A SHPFEAR O E T 0l S0 sys .path B#RE. Q1SR site XTERH)EHE 22U T
AL A F S (SRR B & TN site.main (),

EH =S iﬁIﬁ&ﬁo

Py_NoUserSiteDirectory
AEH H P site-packages HEHEINE| sys.path,

Set by the —s and - I options, and the PYTHONNOUSERSITE environment variable.

Py_OptimizeFlag
Set by the —O option and the PYTHONOPTIMIZE environment variable.

Py_QuietFlag
RIETE e B R A s UBCRIRAE . -

W —a TEIE
3.2 FriR e
Py_UnbufferedStdioFlag
Force the stdout and stderr streams to be unbuffered.

Set by the —u option and the PYTHONUNBUFFERED environment variable.

Py_VerboseFlag
Print a message each time a module is initialized, showing the place (filename or built-in module) from which
it is loaded. If greater or equal to 2, print a message for each file that is checked for when searching for a
module. Also provides information on module cleanup at exit.

Set by the —v option and the PYTHONVERBOSE environment variable.
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9.3 Initializing and finalizing the interpreter

void Py_Initialize ()

Initialize the Python interpreter. In an application embedding Python, this should be called before using any
other Python/C API functions; see Before Python Initialization for the few exceptions.

This initializes the table of loaded modules (sys.modules), and creates the fundamental modules
builtins, __main__ and sys. It also initializes the module search path (sys.path). It does not set
sys.argv;use PySys_SetArgvEx () for that. This is a no-op when called for a second time (without
calling Py_FinalizeEx () first). There is no return value; it is a fatal error if the initialization fails.

{Eff:  On Windows, changes the console mode from O_TEXT to O_BINARY, which will also affect non-
Python uses of the console using the C Runtime.

void Py_InitializeEx (int initsigs)

This function works like Py Tnitialize () if initsigsis 1. If initsigs is O, it skips initialization registration
of signal handlers, which might be useful when Python is embedded.

intPy_IsInitialized()

Return true (nonzero) when the Python interpreter has been initialized, false (zero) if not. After
Py _FinalizeEx () is called, this returns false until Py_Tnitialize () is called again.

int Py_FinalizeEx ()

Undo all initializations made by Py Tnitialize () and subsequent use of Python/C API functions, and
destroy all sub-interpreters (see Py_NewInterpreter () below) that were created and not yet destroyed
since the last call to Py Initialize (). Ideally, this frees all memory allocated by the Python interpreter.
This is a no-op when called for a second time (without calling Py_ Tnitialize () again first). Normally
the return value is 0. If there were errors during finalization (flushing buffered data), —1 is returned.

This function is provided for a number of reasons. An embedding application might want to restart Python
without having to restart the application itself. An application that has loaded the Python interpreter from a
dynamically loadable library (or DLL) might want to free all memory allocated by Python before unloading the
DLL. During a hunt for memory leaks in an application a developer might want to free all memory allocated
by Python before exiting from the application.

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may
cause destructors (__del__ () methods) to fail when they depend on other objects (even functions) or mod-
ules. Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory
allocated by the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in
circular references between objects is not freed. Some memory allocated by extension modules may not be
freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py _Tnitialize () and Py _FinalizeEx () more than once.

3.6 B fE.

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 Initialize (), if itis called at all. It specifies which encoding
and error handling to use with standard IO, with the same meanings as in str.encode ().

It overrides PYTHONIOENCODING values, and allows embedding code to control IO encoding when the
environment variable does not work.

encoding and/or errors may be NULL to use PY THONIOENCOD ING and/or default values (depending on other
settings).
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Note that sys.stderr always uses the “backslashreplace” error handler, regardless of this (or any other)
setting.

If Py FinalizeEx () is called, this function will need to be called again in order to affect subsequent calls
toPy_Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been initialized).
3.4 B RE.

void Py_ SetProgramName (const wchar_t *name)
This function should be called before Py Tnitialize () is called for the first time, if it is called at all. It
tells the interpreter the value of the argv [0] argument to the main () function of the program (converted
to wide characters). This is used by Py_GetPath () and some other functions below to find the Python run-
time libraries relative to the interpreter executable. The default value is 'python'. The argument should
point to a zero-terminated wide character string in static storage whose contents will not change for the duration
of the program’s execution. No code in the Python interpreter will change the contents of this storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar* Py_GetProgramName ()
Return the program name set with Py Set ProgramName (), or the default. The returned string points into
static storage; the caller should not modify its value.

wchar_t* Py_GetPrefix ()
Return the prefix for installed platform-independent files. This is derived through a number of complicated rules
from the program name set with Py Set ProgramName () and some environment variables; for example, if
the program name is ' /usr/local/bin/python’, the prefixis ' /usr/local'. The returned string
points into static storage; the caller should not modify its value. This corresponds to the prefix variable in
the top-level Makefile and the ——prefix argument to the configure script at build time. The value is
available to Python code as sys.prefix. Itis only useful on Unix. See also the next function.

wchar_t* Py_GetExecPrefix ()

Return the exec-prefix for installed platform-dependent files. This is derived through a number of com-
plicated rules from the program name set with Py SetProgramName () and some environment vari-
ables; for example, if the program name is ' /usr/local/bin/python’', the exec-prefix is ' /usr/
local'. The returned string points into static storage; the caller should not modify its value. This corre-
sponds to the exec_prefix variable in the top-level Makefile and the ——exec—prefix argument to
the configure script at build time. The value is available to Python code as sys.exec_prefix. Itis
only useful on Unix.

Background: The exec-prefix differs from the prefix when platform dependent files (such as executables and
shared libraries) are installed in a different directory tree. In a typical installation, platform dependent files
may be installed in the /usr/local/plat subtree while platform independent may be installed in /usr/
local.

Generally speaking, a platform is a combination of hardware and software families, e.g. Sparc machines run-
ning the Solaris 2.x operating system are considered the same platform, but Intel machines running Solaris 2.x
are another platform, and Intel machines running Linux are yet another platform. Different major revisions of
the same operating system generally also form different platforms. Non-Unix operating systems are a different
story; the installation strategies on those systems are so different that the prefix and exec-prefix are meaning-
less, and set to the empty string. Note that compiled Python bytecode files are platform independent (but not
independent from the Python version by which they were compiled!).

System administrators will know how to configure the mount or automount programs to share /usr/
local between platforms while having /usr/local/plat be a different filesystem for each platform.

wchar_t* Py_GetProgramFullPath ()
Return the full program name of the Python executable; this is computed as a side-effect of deriving the default
module search path from the program name (set by Py_SetProgramName () above). The returned string
points into static storage; the caller should not modify its value. The value is available to Python code as
sys.executable.

wchar_t* Py_GetPath ()
Return the default module search path; this is computed from the program name (set by
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Py_SetProgramName () above) and some environment variables. The returned string consists of a
series of directory names separated by a platform dependent delimiter character. The delimiter character is
':' on Unix and Mac OS X, '; ' on Windows. The returned string points into static storage; the caller
should not modify its value. The list sys . path is initialized with this value on interpreter startup; it can be
(and uvsually 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, which is ' : ' on Unix
and Mac OS X, '; ' on Windows.

This also causes sys.executable to be set only to the raw program name (see
Py_SetProgramName ()) 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.

const char* Py_GetVersion ()
Return the version of this Python interpreter. This is a string that looks something like

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

The first word (up to the first space character) is the current Python version; the first three characters are the
major and minor version separated by a period. The returned string points into static storage; the caller should
not modify its value. The value is available to Python code as sys.version.

const char* Py_GetPlatform ()
Return the platform identifier for the current platform. On Unix, this is formed from the "official” name of
the operating system, converted to lower case, followed by the major revision number; e.g., for Solaris 2.x,
which is also known as SunOS 5.x, the value is ' sunos5"'. On Mac OS X, itis 'darwin'. On Windows,
itis "win'. The returned string points into static storage; the caller should not modify its value. The value is
available to Python code as sys.platform.

const char* Py_GetCopyright ()
Return the official copyright string for the current Python version, for example

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'’

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as sys.copyright.

const char* Py_GetCompiler ()
Return an indication of the compiler used to build the current Python version, in square brackets, for example:

"[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
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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 sy s .path.

» Otherwise (that is, if argcis 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.

{ifit: Itis recommended that applications embedding the Python interpreter for purposes other than executing
a single script pass 0 as updatepath, and update sy s . path themselves if desired. See CVE-2008-5983.

On versions before 3.1.3, you can achieve the same effect by manually popping the first sys . path element
after having called PySys_SetArgv (), for example using:

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 FIIRE.

void PySys_SetArgv (int argc, wchar_t **argv)
This function works like PySys_SetArgvEx () with updatepath set to 1 unless the python interpreter
was started with the —T.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
TE 3.4 JiREE R The updatepath value depends on — 1.

void Py_SetPythonHome (const wchar_t *home)
Set the default "home” directory, that is, the location of the standard Python libraries. See PYTHONHOME for
the meaning of the argument string.

The argument should point to a zero-terminated character string in static storage whose contents will not change
for the duration of the program’s execution. No code in the Python interpreter will change the contents of this
storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

w_char* Py_GetPythonHome ()
Return the default "home™, that is, the value set by a previous call to Py_ SetPythonHome (), or the value
of the PYTHONHOME environment variable if it is set.

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 ()). Thelockis also released around potentially blocking I/O operations like reading
or writing a file, so that other Python threads can run in the meantime.
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The Python interpreter keeps some thread-specific bookkeeping information inside a data structure called
PyThreadState. There’s also one global variable pointing to the current Py ThreadState: it can be retrieved
using PyThreadState_Get ().

9.5.1 Releasing the GIL from extension code

Most extension code manipulating the GI/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 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.

{Efi#: Calling system I/O functions is the most common use case for releasing the GIL, but it can also be useful before
calling long-running computations which don’t need access to Python objects, such as compression or cryptographic
functions operating over memory buffers. For example, the standard z11ib and hash1ib modules release the GIL
when compressing or hashing data.

9.5.2 jE Python G|y i=

When threads are created using the dedicated Python APIs (such as the threading module), a thread state is
automatically associated to them and the code showed above is therefore correct. However, when threads are created
from C (for example by a third-party library with its own thread management), they don’t hold the GIL, nor is there
a thread state structure for them.

If you need to call Python code from these threads (often this will be part of a callback API provided by the afore-
mentioned third-party library), you must first register these threads with the interpreter by creating a thread state
data structure, then acquiring the GIL, and finally storing their thread state pointer, before you can start using the
Python/C 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:
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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 ()).Pythonsupports the creation of additional interpreters (using Py NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* () API is unsupported.

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. That also means any locks held
by other threads will never be released. Python solves this for os. fork () by acquiring the locks it uses internally
before the fork, and releasing them afterwards. In addition, it resets any lock-objects in the child. When extending
or embedding Python, there is no way to inform Python of additional (non-Python) locks that need to be acquired
before or reset after a fork. OS facilities such as pthread_atfork () would need to be used to accomplish the
same thing. Additionally, when extending or embedding Python, calling fork () directly rather than through os.
fork () (and returning to or calling into Python) may result in a deadlock by one of Python’s internal locks being
held by a thread that is defunct after the fork. PyOS_AfterFork_Child () tries to reset the necessary locks,
but is not always able to.

9.5.3 S 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
PyInterpreterState *interp, which points to this thread’s interpreter state.

void PyEval_InitThreads ()
Initialize and acquire the global interpreter lock. It should be called in the main thread before creating a second
thread or engaging in any other thread operations such as PyEval_ReleaseThread (tstate). Itis not
needed before calling PyEval SaveThread () or PyEval RestoreThread ().

This is a no-op when called for a second time.

TE 3.7 WU B This function is now called by Py_Tnitialize (), so you don’t have to call it yourself
anymore.

TE 3.2 R #e: This function cannot be called before Py Tnitialize () anymore.

int PyEval_ThreadsInitialized ()
Returns a non-zero value if PyEval_ TnitThreads () hasbeen called. This function can be called without
holding the GIL, and therefore can be used to avoid calls to the locking API when running single-threaded.

TE 3.7 R 2 The GIL is now initialized by Py_Tnitialize ().

PyThreadState* PyEval_SaveThread ()
Release the global interpreter lock (if it has been created and thread support is enabled) and reset the thread
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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 thread support is enabled) 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.

{#fi: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

PyThreadState* PyThreadState_Get ()
Return the current thread state. The global interpreter lock must be held. When the current thread state is
NULL, this issues a fatal error (so that the caller needn’t check for NULL).

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
Swap the current thread state with the thread state given by the argument fstate, which may be NULL. The
global interpreter lock must be held and is not released.

void PyEval_ReInitThreads ()
This function is called from PyOS_AfterFork_Child () to ensure that newly created child processes
don’t hold locks referring to threads which are not running in the child process.

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 between PyGILState Ensure () and PyGILState_Release () calls as long as the
thread state is restored to its previous state before the Release(). For example, normal usage of the
Py_BEGIN_ALLOW_THREADS and Py_END_ALLOW_THREADS macros is acceptable.

The return value is an opaque “handle” to the thread state when PyGILState Ensure () was called, and
must be passed to PyGILState_Release () to ensure Python is left in the same state. Even though
recursive calls are allowed, these handles cannot be shared - each unique call to PyGILState Ensure ()
must save the handle for its call to 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.

{Efft:  Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing/()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

void PyGILState_Release (PyGILState_STATE)
Release any resources previously acquired. After this call, Python’s state will be the same as it was prior to the
corresponding PyGILState Ensure () call (but generally this state will be unknown to the caller, hence
the use of the GILState API).

Every callto PyGILState_Ensure () must be matched by acall to 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.
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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 RE.

The following macros are normally used without a trailing semicolon; look for example usage in the Python source
distribution.

Py_BEGIN_ALLOW_THREADS
This macro expands to { PyThreadState *_save; _save = PyEval_SaveThread() ;. Note
that it contains an opening brace; it must be matched with a following Py END_ALLOW_THREAD.S macro.
See above for further discussion of this macro.

Py_END_ALLOW_THREADS
This macro expands to PyEval_RestoreThread (_save); }. Note that it 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
Py_END_ALLOW_THREADS without the closing brace.

—-
«w

equivalent  to

Py_UNBLOCK_THREADS
This macro expands to _save = PyEval_SaveThread();: it
Py_BEGIN_ALLOW_THREADS without the opening brace and variable declaration.

—

s equivalent to

9.5.4 Low-level API

All of the following functions must be called after Py_Tnitialize ().
FE 3.7 WP 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.

void PyInterpreterState_Clear (PylnterpreterState *interp)
Reset all information in an interpreter state object. The global interpreter lock must be held.

void PyInterpreterState_Delete (PylnterpreterState *interp)
Destroy an interpreter state object. The global interpreter lock need not be held. The interpreter state must
have been reset with a previous call to Py InterpreterState_Clear ().

PyThreadState* PyThreadState_New ( PylnterpreterState *interp)
Create a new thread state object belonging to the given interpreter object. The global interpreter lock need not
be held, but may be held if it is necessary to serialize calls to this function.

void PyThreadState_Clear (PyThreadState *tstate)
Reset all information in a thread state object. The global interpreter lock must be held.

void PyThreadState_Delete (PyThreadState *tstate)
Destroy a thread state object. The global interpreter lock need not be held. The thread state must have been
reset with a previous call to PyThreadState _Clear ().

PY_INT64_T PyInterpreterState_GetID (PylnterpreterState *interp)
Return the interpreter’s unique ID. If there was any error in doing so then -1 is returned and an error is set.

3.7 B fE.

PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. Return a dictionary in which extensions can store thread-specific state
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information. Each extension should use a unique key to use to store state in the dictionary. It is okay to call
this function when no current thread state is available. If this function returns NULL, no exception has been
raised and the caller should assume no current thread state is available.

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
Asynchronously raise an exception in a thread. The id argument is the thread id of the target thread; exc is the
exception object to be raised. This function does not steal any references to exc. To prevent naive misuse, you
must write your own C extension to call this. Must be called with the GIL held. Returns the number of thread
states modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL, the pending
exception (if any) for the thread is cleared. This raises no exceptions.

T 3.7 iU P 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 tstate, which should not be NULL. The
lock must have been created earlier. If this thread already has the lock, deadlock ensues.

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 B # F&:  This function does not update the current thread state. Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.

void PyEval_ReleaseLock ()
Release the global interpreter lock. The lock must have been created earlier.

32 it J5 B # F&:  This function does not update the current thread state. Please use
PyEval_SaveThread () or PyEval_ReleaseThread () instead.

9.6 Sub-interpreter support

While in most uses, you will only embed a single Python interpreter, there are cases where you need to create several
independent interpreters in the same process and perhaps even in the same thread. Sub-interpreters allow you to do
that. 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 fundamental modules builtins, _ main__ and sys. The table of loaded modules (sys .modules)
and the module search path (sys . path) are also separate. The new environment has no sy s . argv variable.
It has new standard I/O stream file objects sys.stdin, sys.stdout and sys.stderr (however these
refer to the same underlying file descriptors).

The return value points to the first thread state created in the new sub-interpreter. This thread state is made
in the current thread state. Note that no actual thread is created; see the discussion of thread states below. If
creation of the new interpreter is unsuccessful, NULL is returned; no exception is set since the exception state
is stored in the current thread state and there may not be a current thread state. (Like all other Python/C API
functions, the global interpreter lock must be held before calling this function and is still held when it returns;
however, unlike most other Python/C API functions, there needn’t be a current thread state on entry.)
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Extension modules are shared between (sub-)interpreters as follows: the first time a particular extension is
imported, it is initialized normally, and a (shallow) copy of its module’s dictionary is squirreled away. When the
same extension is imported by another (sub-)interpreter, a new module is initialized and filled with the contents
of this copy; the extension’s init function is not called. 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 extension’s initmodule function is called again.

void Py_EndInterpreter (PyThreadState *tstate)
Destroy the (sub-)interpreter represented by the given thread state. The given thread state must be the current
thread state. See the discussion of thread states below. When the call returns, the current thread state is NULL.
All thread states associated with this interpreter are destroyed. (The global interpreter lock must be held before
calling this function and is still held when it returns.) Py_FinalizeEx () will destroy all sub-interpreters
that haven’t been explicitly destroyed at that point.

9.6.1 $HIRFIEE

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 the extension makes use of (static) global variables, or when
the extension manipulates its module’s dictionary after its initialization. It is possible to insert objects created in one
sub-interpreter into a namespace of another sub-interpreter; this should be done with great care 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.

Also note that combining this functionality with PyGILState_* () APIs is delicate, because these APIs as-
sume a bijection between Python thread states and OS-level threads, an assumption broken by the presence of
sub-interpreters. It is highly recommended that you don’t switch sub-interpreters between a pair of matching
PyGILState_Ensure () and PyGILState_ Release () calls. Furthermore, extensions (such as ctypes)
using these APIs to allow calling of Python code from non-Python created threads will probably be broken when
using sub-interpreters.

9.7 FEi@EH

A mechanism is provided to make asynchronous notifications to the main interpreter thread. These notifications take
the form of a function pointer and a void pointer argument.

int Py_AddPendingCall (int (*func)(void *), void *arg)
Schedule a function to be called from the main interpreter thread. On success, 0 is returned and func is queued
for being called in the main thread. On failure, —1 is returned without setting any exception.

When successfully queued, func will be eventually called from the main interpreter thread with the argument
arg. It will be called asynchronously with respect to normally running Python code, but with both these con-
ditions met:

* on a bytecode boundary;
 with the main thread holding the global interpreter lock (func can therefore use the full C API).

func must return O on success, or —1 on failure with an exception set. func won’t be interrupted to perform
another asynchronous notification recursively, but it can still be interrupted to switch threads if the global
interpreter lock is released.

This function doesn’t need a current thread state to run, and it doesn’t need the global interpreter lock.

%M. 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
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before the system call returns. This function is generally not suitable for calling Python code from arbitrary
C threads. Instead, use the PyGILState API.

3.1 B .

9.8 SrHTFIERER

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 obyj, 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 HI1E arg laX

PyTrace_CALL B REPy_ None.

PyTrace_EXCEPTION sys.exc_info () REFREEE L.

PyTrace_LINE B2 Py_ None.

PyTrace_RETURN Value being returned to the caller, or NULL if caused by an exception.
PyTrace_C_CALL TEAE VR FH RO 52

PyTrace_C_EXCEPTION | IEFERIF KB .

PyTrace C_RETURN IEAEVR JH R B S

PyTrace_OPCODE M EPy None.

int PyTrace_CALL
The value of the what parameter to a Py_ t racefunc function when a new call to a function or method is
being reported, or a new entry into a generator. Note that the creation of the iterator for a generator function
is not reported as there is no control transfer to the Python bytecode in the corresponding frame.

int PyTrace_EXCEPTION
The value of the what parameter to a Pyt racefunc function when an exception has been raised. The
callback function is called with this value for what when after any bytecode is processed after which the
exception becomes set within the frame being executed. The effect of this is that as exception propagation
causes the Python stack to unwind, the callback is called upon return to each frame as the exception propagates.
Only trace functions receives these events; they are not needed by the profiler.

int PyTrace_LINE
The value passed as the what parameter to a Py_ t race func function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.

int PyTrace_RETURN
The value for the what parameter to Py_ t race func functions when a call is about to return.

int PyTrace_C_CALL
The value for the what parameter to Py_ t race func functions when a C function is about to be called.

int PyTrace_C_EXCEPTION
The value for the what parameter to Py_ t race func functions when a C function has raised an exception.
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int PyTrace_C_RETURN
The value for the what parameter to Py_ t race func functions when a C function has returned.

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new
opcode is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)
Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may
be any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj
for each thread provides a convenient and thread-safe place to store it. The profile function is called for all
monitored events except PyTrace_LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)
Set the tracing function to func. This is similar to PyEval_ SetProfile (), except the tracing function
does receive line-number events and per-opcode events, but does not receive any event related to C func-
tion objects being called. Any trace function registered using PyEval_ SetTrace () will not receive
PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what pa-
rameter.

9.9 BRI IBIZH

These functions are only intended to be used by advanced debugging tools.

PylnterpreterState* PyInterpreterState_Head ()
Return the interpreter state object at the head of the list of all such objects.

PylnterpreterState* PyInterpreterState_Main ()
Return the main interpreter state object.

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 PyThreadState 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
allocate and deallocate them yourself. If the void* values happen to be PyObject *, these functions don’t do
refcount operations on them either.
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9.10.1 Thread Specific Storage (TSS) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

3.7 FrihfE.
Z 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
allocation of this type is not possible due to its implementation being opaque at build time.

Py_tss_t* PyThread_tss_alloc ()
Return a value which is the same state as a value initialized with Py_tss_ NEEDS INIT, or NULL in the
case of dynamic allocation failure.

void PyThread_tss_free (Py_1ss_t *key)
Free the given key allocated by PyThread tss_alloc(), after first calling
PyThread_tss_delete () to ensure any associated thread locals have been unassigned. This is a
no-op if the key argument is NULL.

{Efi#: A freed key becomes a dangling pointer, you should reset the key to NULL.

Bk

The parameter key of these functions must not be NULL. Moreover, the behaviors of PyThread tss_set ()
and PyThread_tss_get () are undefined if the given Py _tss_t has not been initialized by
PyThread_tss_create().

int PyThread_tss_is_created (Py_iss_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_tss_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_tss_NEEDS _TNIT. This function can be called repeatedly on
the same key -- calling it on an already initialized key is a no-op and immediately returns success.

void PyThread_tss_delete (Py_tss_t *key)
Destroy a TSS key to forget the values associated with the key across all threads, and change the key’s initial-
ization state to uninitialized. A destroyed key is able to be initialized again by Py Thread_tss_create ().
This function can be called repeatedly on the same key -- calling it on an already destroyed key is a no-op.

int PyThread_tss_set (Py_tss_t *key, void *value)
Return a zero value to indicate successfully associating a void* value with a TSS key in the current thread.
Each thread has a distinct mapping of the key to a void* value.
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void* PyThread_tss_get (Py_1ss_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 )5 E.#8 K8 This API is superseded by Thread Specific Storage (TSS) API.

{#ff:  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.

i RSB AR, SRR A A AR 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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10.1 #hid

Memory management in Python involves a private heap containing all Python objects and data structures. The man-
agement of this private heap is ensured internally by the Python memory manager. The Python memory manager
has different components which deal with various dynamic storage management aspects, like sharing, segmentation,
preallocation or caching.

At the lowest level, a raw memory allocator ensures that there is enough room in the private heap for storing all
Python-related data by interacting with the memory manager of the operating system. On top of the raw memory
allocator, several object-specific allocators operate on the same heap and implement distinct memory management
policies adapted to the peculiarities of every object type. For example, integer objects are managed differently within
the heap than strings, tuples or dictionaries because integers imply different storage requirements and speed/space
tradeoffs. The Python memory manager thus delegates some of the work to the object-specific allocators, but ensures
that the latter operate within the bounds of the private heap.

It is important to understand that the management of the Python heap is performed by the interpreter itself and that
the user has no control over it, even if they regularly manipulate object pointers to memory blocks inside that heap.
The allocation of heap space for Python objects and other internal buffers is performed on demand by the Python
memory manager through the Python/C API functions listed in this document.

To avoid memory corruption, extension writers should never try to operate on Python objects with the functions
exported by the C library: malloc (), calloc (), realloc () and free (). This will result in mixed calls
between the C allocator and the Python memory manager with fatal consequences, because they implement different
algorithms and operate on different heaps. However, one may safely allocate and release memory blocks with the C
library allocator for individual purposes, as shown in the following example:

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
...Do some I/O operation involving buf...
res = PyBytes_FromString (buf);
free(buf); /* malloc'ed */
return res;

In this example, the memory request for the I/O buffer is handled by the C library allocator. The Python memory
manager is involved only in the allocation of the bytes object returned as a result.
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In most situations, however, it is recommended to allocate memory from the Python heap specifically because the
latter is under control of the Python memory manager. For example, this is required when the interpreter is extended
with new object types written in C. Another reason for using the Python heap is the desire to inform the Python
memory manager about the memory needs of the extension module. Even when the requested memory is used
exclusively for internal, highly-specific purposes, delegating all memory requests to the Python memory manager
causes the interpreter to have a more accurate image of its memory footprint as a whole. Consequently, under certain
circumstances, the Python memory manager may or may not trigger appropriate actions, like garbage collection,
memory compaction or other preventive procedures. Note that by using the C library allocator as shown in the
previous example, the allocated memory for the I/O buffer escapes completely the Python memory manager.

S
The PYTHONMALLOC environment variable can be used to configure the memory allocators used by Python.

The PYTHONMALLOCSTATS environment variable can be used to print statistics of the pymalloc memory allocator
every time a new pymalloc object arena is created, and on shutdown.

10.2 RigAFEO

PAF BREUR B T RG0S . X R EUR SR L, AR GIL.

default raw memory allocator i JliX 25 pR%L: malloc (). calloc (). realloc () fil free(); HiEEFE
TN malloc (1) °° (8 °“calloc(l, 1))

3.4 B RE.

void* PyMem_RawMalloc (size_t n)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.

Requesting zero bytes returns a distinct non-NULL pointer if possible, as if PyMem_RawMalloc (1) had
been called instead. The memory will not have been initialized in any way.

void* PyMem_RawCalloc (size_t nelem, size_t elsize)
Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the allocated
memory, or NULL if the request fails. The memory is initialized to zeros.

Requesting zero elements or elements of size zero bytes returns a distinct non-NULL pointer if possible, as if
PyMem_RawCalloc (1, 1) had been called instead.

3.5 B

void* PyMem_RawRealloc (void *p, size_t n)
Resizes the memory block pointed to by p to n bytes. The contents will be unchanged to the minimum of the
old and the new sizes.

If p is NULL, the call is equivalent to PyMem_RawMalloc (n);else if # is equal to zero, the memory block
is resized but is not freed, and the returned pointer is non-NULL.

Unless p is NULL, it must have been returned by a previous call to PyMem_ RawMalloc (),
PyMem_RawRealloc () or PyMem RawCalloc ().

If the request fails, PyMem_RawRealloc () returns NULL and p remains a valid pointer to the previous
memory area.

void PyMem_RawFree (void *p)
Frees the memory block pointed to by p, which must have been returned by a previous call to
PyMem_RawMalloc (), PyMem RawRealloc () or PyMem RawCalloc (). Otherwise, or if
PyMem_RawFree (p) has been called before, undefined behavior occurs.

If p is NULL, no operation is performed.
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10.3 AHEEO

The following function sets, modeled after the ANSI C standard, but specifying behavior when requesting zero bytes,
are available for allocating and releasing memory from the Python heap.

The default memory allocator uses the pymalloc memory allocator.

#xfie: The GIL must be held when using these functions.

TE 3.6 R H 2 The default allocator is now pymalloc instead of system malloc ().

void* PyMem_Malloc (size_t n)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.

Requesting zero bytes returns a distinct non-NULL pointer if possible, as if PyMem_Malloc (1) had been
called instead. The memory will not have been initialized in any way.

void* PyMem_Calloc (size_t nelem, size_t elsize)
Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the allocated
memory, or NULL if the request fails. The memory is initialized to zeros.

Requesting zero elements or elements of size zero bytes returns a distinct non-NULL pointer if possible, as if
PyMem_Calloc (1, 1) had been called instead.

3.5 B fE.

void* PyMem_Realloc (void *p, size_t n)
Resizes the memory block pointed to by p to n bytes. The contents will be unchanged to the minimum of the
old and the new sizes.

If p is NULL, the call is equivalent to PyMem_Malloc (n); else if n is equal to zero, the memory block is
resized but is not freed, and the returned pointer is non-NULL.

Unless p is NULL, it must have been returned by a previous call to PyMem Malloc (),PyMem_Realloc ()
or PyMem_Calloc ().

If the request fails, PyMem Realloc () returns NULL and p remains a valid pointer to the previous memory
area.

void PyMem_Free (void *p)
Frees the memory block pointed to by p, which must have been returned by a previous call to
PyMem_Malloc (), PyMem Realloc () or PyMem_Calloc (). Otherwise, or if PyMem_Free (p)
has been called before, undefined behavior occurs.

If p is NULL, no operation is performed.
The following type-oriented macros are provided for convenience. Note that TYPE refers to any C type.

TYPE* PyMem_New (TYPE, size_t n)
Same as PyMem_Malloc (), butallocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer
cast to TYPE*. The memory will not have been initialized in any way.

TYPE* PyMem_Resize (void *p, TYPE, size_t n)
Same as PyMem_Realloc (), butthe memory blockisresizedto (n * sizeof (TYPE) ) bytes. Returns
apointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in the event of failure.

This is a C preprocessor macro; p is always reassigned. Save the original value of p to avoid losing memory
when handling errors.

void PyMem_Del (void *p)
SHpyMem Free () [
In addition, the following macro sets are provided for calling the Python memory allocator directly, without involving

the C API functions listed above. However, note that their use does not preserve binary compatibility across Python
versions and is therefore deprecated in extension modules.
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PyMem_MALLOC (size)

PyMem_NEW (type, size)
PyMem_REALLOC (ptr, size)
PyMem_RESIZE (ptr, type, size)
PyMem_FREE (ptr)

PyMem_DEL (ptr)

10.4 W9 HEC2E

The following function sets, modeled after the ANSI C standard, but specifying behavior when requesting zero bytes,
are available for allocating and releasing memory from the Python heap.

The default object allocator uses the pymalloc memory allocator.

g fie: The GIL must be held when using these functions.

void* PyObject_Malloc (size_t n)

Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.

Requesting zero bytes returns a distinct non-NULL pointer if possible, as if PyObject_Malloc (1) had
been called instead. The memory will not have been initialized in any way.

void* PyObject_Calloc (size_t nelem, size_t elsize)

Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the allocated
memory, or NULL if the request fails. The memory is initialized to zeros.

Requesting zero elements or elements of size zero bytes returns a distinct non-NULL pointer if possible, as if
PyObject_Calloc (1, 1) had been called instead.

3.5 B RE.

void* PyObject_Realloc (void *p, size_t n)

Resizes the memory block pointed to by p to n bytes. The contents will be unchanged to the minimum of the
old and the new sizes.

If p is NULL, the call is equivalent to PyObject_Malloc (n); else if n is equal to zero, the memory block
is resized but is not freed, and the returned pointer is non-NULL.

Unless p is NULL, it must have been returned by a previous call to PyObject_Malloc (),
PyObject_Realloc () or PyObject_Calloc ().

If the request fails, PyObject_Realloc () returns NULL and p remains a valid pointer to the previous
memory area.

void PyObject_Free (void *p)

Frees the memory block pointed to by p, which must have been returned by a previous call to
PyObject_Malloc (), PyObject_Realloc () or PyObject_Calloc (). Otherwise, or if
PyObject_Free (p) has been called before, undefined behavior occurs.

If p is NULL, no operation is performed.
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10.5 BHAR S ECRE

NINGR o

& ZFR PyMem_RawMallp®®yMem_Malloc | PyOb-
ject_Malloc
AT A "pymalloc" malloc pymalloc pymalloc
WA "pymalloc_debugthalloc +debug | pymalloc + | pymalloc +
debug debug

Release build, without py- | "malloc" malloc malloc malloc
malloc
Debug build, without py- | "malloc_debug"| malloc +debug | malloc + de- | malloc + de-
malloc bug bug

Yl :

e Name: value for PYTHONMALLOC environment variable

¢ malloc: system allocators from the standard C library, C functions: malloc (),calloc (), realloc ()
and free ()

* pymalloc: pymalloc memory allocator

* 7+ debug”: with debug hooks installed by PyMem SetupDebugHooks ()

10.6 Customize Memory Allocators

3.4 B fE.

PyMemAllocatorEx
Structure used to describe a memory block allocator. The structure has four fields:

13, ax

void *ctx user context passed as first argument
void* malloc (void *ctx, size_t size) allocate a memory block

void* calloc (void *ctx, size_t nelem, allocate a memory block initialized
size_t elsize) with zeros

void* realloc(void *ctx, void *ptr, size_t allocate or resize a memory block
new_size)
void free(void *ctx, void *ptr) RER—AS N

JE 3.5 JR T 2k: The PyMemAllocator structure was renamed to PyMemAllocatorEx and a new
calloc field was added.

PyMemAllocatorDomain
Enum used to identify an allocator domain. Domains:

PYMEM DOMAIN_RAW
PRAL
* PyMem RawMalloc ()
* PyMem RawRealloc ()
* PyMem RawCalloc ()
* PyMem RawFree ()

PYMEM_DOMAIN_MEM
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* PyMem Malloc(),
* PyMem Realloc ()
* PyMem Calloc()
* PyMem Free()
PYMEM DOMAIN_OBJ
e PyObject_Malloc()
* PyObject_Realloc ()
e PyObject_Calloc()

* PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

Get the memory block allocator of the specified domain.

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

Set the memory block allocator of the specified domain.
The new allocator must return a distinct non-NULL pointer when requesting zero bytes.

For the PYMEM DOMAIN RAW domain, the allocator must be thread-safe: the GIL is not held when the
allocator is called.

If the new allocator is not a hook (does not call the previous allocator), the PyMem SetupDebugHooks ()
function must be called to reinstall the debug hooks on top on the new allocator.

void PyMem_SetupDebugHooks (void)

Setup hooks to detect bugs in the Python memory allocator functions.

Newly allocated memory is filled with the byte 0xCD (CLEANBYTE), freed memory is filled with the byte
0xDD (DEADBYTE). Memory blocks are surrounded by “forbidden bytes” (FORBIDDENBYTE: byte 0xED).

Runtime checks:
» Detect API violations, ex: PyObject_Free () called on a buffer allocated by PyMem_Malloc ()
¢ Detect write before the start of the buffer (buffer underflow)
¢ Detect write after the end of the buffer (buffer overflow)

e Check that the GIL is held when allocator functions of PYMEM DOMAIN_OBJ (ex:
PyObject_Malloc()) and PYMEM_DOMAIN_MEM (ex: PyMem Malloc ()) domains are
called

On error, the debug hooks use the t racemalloc module to get the traceback where a memory block was
allocated. The traceback is only displayed if t racemalloc is tracing Python memory allocations and the
memory block was traced.

These hooks are installed by default if Python is compiled in debug mode. The PYTHONMALLOC environment
variable can be used to install debug hooks on a Python compiled in release mode.

TE 3.6 J B E: This function now also works on Python compiled in release mode. On error, the debug hooks
now use t racemalloc to get the traceback where a memory block was allocated. The debug hooks now also
check if the GIL is held when functions of PYMEM DOMAIN_OBJ and PYMEM DOMAIN_MEM domains are
called.

TE 3.7.3 MU B Byte patterns 0xCB (CLEANBYTE), 0xDB (DEADBYTE) and 0xFB (FORBIDDENBYTE)
have been replaced with 0xCD, 0xDD and 0xFD to use the same values than Windows CRT debugmalloc ()
and free ().
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10.7 The pymalloc allocator

Python has a pymalloc allocator optimized for small objects (smaller or equal to 512 bytes) with a short lifetime. It
uses memory mappings called “arenas” with a fixed size of 256 KiB. It falls back to PyMem RawMalloc () and
PyMem_RawRealloc () for allocations larger than 512 bytes.

pymalloc is the default allocator of the PYMEM _DOMAIN_MEM (ex: PyMem_Malloc()) and
PYMEM_DOMAIN_OBJ (ex: PyObject_Malloc ()) domains.

The arena allocator uses the following functions:
e VirtualAlloc () and VirtualFree () on Windows,
e mmap () and munmap () if available,

e malloc () and free () otherwise.

10.7.1 Customize pymalloc Arena Allocator

3.4 B fE.

PyObjectArenalAllocator
Structure used to describe an arena allocator. The structure has three fields:

13, ax

void *ctx user context passed as first argument
void* alloc (void *ctx, size_t size) allocate an arena of size bytes
void free(void *ctx, size_t size, void free an arena

*ptr)

PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
Get the arena allocator.

PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
Set the arena allocator.

10.8 tracemalloc C API

3.7 B IIHE.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
Track an allocated memory block in the t racemalloc module.

Return 0 on success, return —1 on error (failed to allocate memory to store the trace). Return -2 if tracemalloc
is disabled.

If memory block is already tracked, update the existing trace.

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)
Untrack an allocated memory block in the t racemalloc module. Do nothing if the block was not tracked.

Return -2 if tracemalloc is disabled, otherwise return O.
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10.9 f5l¥

Here is the example from section 1% i£, rewritten so that the I/O buffer is allocated from the Python heap by using
the first function set:

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

The same code using the type-oriented function set:

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

Note that in the two examples above, the buffer is always manipulated via functions belonging to the same set. Indeed,
it is required to use the same memory API family for a given memory block, so that the risk of mixing different
allocators is reduced to a minimum. The following code sequence contains two errors, one of which is labeled as
fatal because it mixes two different allocators operating on different heaps.

char *bufl = PyMem_New (char, BUFSIZ);
char *buf?2 (char *) malloc (BUFSIZ);
char *buf3 = (char *) PyMem_Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —- should be PyMem_Free() */

free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal —-- should be PyMem_Del () */

In addition to the functions aimed at handling raw memory blocks from the Python heap, objects in Python are
allocated and released with PyOb ject_New (), PyObject_NewVar () and PyObject_Del ().

These will be explained in the next chapter on defining and implementing new object types in C.
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PyObject* _PyObject_New (PyTypeObject *type)
Return value: New reference.

PyVarObject* _PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.

PyObject* PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. 1B IZRBLAIRIIRE | WAL BT 0 BEXT 52 op. R 1B AT IR XT
Fo QAR type TIZXT RS SIGFABIRAG NG, DRGSR I 25 SO G v R oA

FBAZE .

PyVarObject* PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. 'R REM PyObject_Init () —F, FHHESWIGAS B R/ PNASR
MR ERER .

TYPE* PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. ffi ] C 254255 TYPE F1 Python 2RI 4 type 43 i —~ #7119 Python X}
%o ARTEZ Python X 53k i X F BN 2BRI I PRG-I —. WA BL R/
i type Sf 4 tp_basicsize FEHRMIE o

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. i JT] C MR 4544255 TYPE F1 Python [ ZREINT A type 23 Be—4~ 8119
Python Xf 4. Python Xf 5k U A & L) FBOR SR IR L. W BCHY NAF 2SRl T | TYPE
LERNN type MR tp_itemsize TFEARMEN size FEAYE . O T SEAUTCAIX FHREBTEAY 1
WPeE B ORISR RS o R B B AL i A B R 3 A7 23 BC v Rl A2 N A7 43 B 1Y
UB, X T WA BCIIRCE .

void PyObject_Del (void *op)
Rt Pyobject_New () 8{(# PyObject _NewVar () PHCNFFRIXTR . Xl H XA type 7
BOE X tp_dealloc ABReREORIAM - P8 IEXABEEAJG op X5 iy 7 BOAR AN o] AR 517
MR LR N AF 25 [H] E R R — AN 2401 Python X4 .
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PyObject _Py_NoneStruct
XA G2 None —HEY Python X4, BRI LA Py_None 5], AR EEE MR
a5t

%

=

PyModule_Create () J}ECATFAIBIEY FEALIR

11.2 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.

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 PyOb ject 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 PyOb ject, but every pointer
to a Python object can be cast to a PyOb ject *. Access to the members must be done by using the macros
Py_REFCNT and Py_ TYPE.

PyVarObject
This is an extension of 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 PyVarOb ject above.

Py_TYPE (0)
This macro is used to access the ob_t ype member of a Python object. It expands to:

’(((PyObject*)(o))7>ob_type)

Py_REFCNT (0)
This macro is used to access the ob_refcnt member of a Python object. It expands to:

’(((PyObject*)(o))7>ob_refcnt)

Py_SIZE (0)
This macro is used to access the ob_size member of a Python object. It expands to:

’(((PyVarObject*)(o))7>ob_size)

PyObject_HEAD_INIT (type)
This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:
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_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)
This is a macro which expands to initialization values for anew PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

PyCFunction
Type of the functions used to implement most Python callables in C. Functions of this type take two
PyObject * parameters and return one such value. If the return value is NULL, an exception shall have
been set. If not NULL, the return value is interpreted as the return value of the function as exposed in Python.
The function must return a new reference.

PyCFunctionWithKeywords
Type of the functions used to implement Python callables in C with signature METH_VARARGS |
METH_KEYWORDS.

_PyCFunctionFast
Type of the functions used to implement Python callables in C with signature METH FASTCALL.

_PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS.

PyMethodDef
Structure used to describe a method of an extension type. This structure has four fields:

] oF 3.1 ax

ml_name const char * | name of the method

ml_meth PyCFunction | pointer to the C implementation

ml_flags | %7 flag bits indicating how the call should be constructed
ml_doc const char * | points to the contents of the docstring

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyObject *.
If the function is not of the PyCFunction, the compiler will require a cast in the method table. Even though
PyCFunction defines the first parameter as PyOb ject *, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

There are four basic calling conventions for positional arguments and two of them can be combined with
METH_KEYWORDS to support also keyword arguments. So there are a total of 6 calling conventions:

METH_VARARGS
This is the typical calling convention, where the methods have the type PyCFunct ion. The function expects
two PyObject * values. The first one is the self object for methods; for module functions, it is the module
object. The second parameter (often called args) is a tuple object representing all arguments. This parameter
is typically processed using PyArg_ParseTuple () or PyArg _UnpackTuple ().

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using
PyArg_ParseTupleAndKeywords ().

METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type
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_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject *
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

This is not part of the limited API.
3.7 B fE.

METH_FASTCALL | METH_KEYWORDS
Extension of METH _FASTCALIL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the
vectorcall protocol: there is an additional fourth PyOb ject * parameter which is a tuple representing the
names of the keyword arguments or possibly NULL if there are no keywords. The values of the keyword
arguments are stored in the args array, after the positional arguments.

This is not part of the limited API.
3.7 Hi e

METH_NOARGS
Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg ParseTuple () with a "O" argument. They have the type PyCFunct ion, with the self pa-
rameter, and a PyOb ject * parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is
used to create class methods, similar to what is created when using the classmethod () built-in function.

METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to
create static methods, similar to what is created when using the stat icmethod () built-in function.

One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip
repeated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains
slot, for example, would generate a wrapped method named __contains__ () and preclude the loading of
a corresponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in
place of the wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are
optimized more than wrapper object calls.

PyMemberDef
Structure which describes an attribute of a type which corresponds to a C struct member. Its fields are:

] oF3:1] aX

name const char * | name of the member

type A 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 A flag bits indicating if the field should be read-only or writable

doc const char * | points to the contents of the docstring

type can be one of many T_ macros corresponding to various C types. When the member is accessed in
Python, it will be converted to the equivalent Python type.
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Macro name Czxa

T _SHORT short

T_INT B
T_LONG KRR
T_FLOAT R

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 e
T_USHORT unsigned short
T_ULONG T KR
T_BOOL char
T_LONGLONG long long
T_ULONGLONG | Ji£§% long long
T_PYSSIZET Py_ssize_t

T_OBJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and
T_OBJECT_EX raises an AttributeError. Try to use T_OBJECT_EX over T_OBJECT because
T_OBJECT_EX handles use of the del statement on that attribute more correctly than T_OBJECT.

flags can be 0 for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T__STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX mem-
bers can be deleted. (They are set to NULL).

PyGetSetDef
Structure to define property-like access for a type. See also description of the Py TypeObject.tp_getset
slot.
L2 C & ax
24 const char * | attribute name
get getter C Function to get the attribute
set setter optional C function to set or delete the attribute, if omitted the attribute is readonly
doc const char * | optional docstring
clo- void * optional function pointer, providing additional data for getter and setter
sure

The get function takes one PyOb ject * parameter (the instance) and a function pointer (the associated
closure):

typedef PyObject * (*getter) (PyObject *, woid *);

It should return a new reference on success or NULL with a set exception on failure.

set functions take two PyOb ject * parameters (the instance and the value to be set) and a function pointer
(the associated closure):

typedef int (*setter) (PyObject *, PyObject *, wvoid *);

In case the attribute should be deleted the second parameter is NULL. Should return 0 on success or —1 with
a set exception on failure.
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11.3 RBHR

Perhaps one of the most important structures of the Python object system is the structure that defines a new type:
the Py TypeOb ject 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.

Typedefs: unaryfunc, binaryfunc, ternaryfunc, inquiry, intargfunc, intintargfunc, intobjargproc, intintobjargproc,
objobjargproc, destructor, freefunc, printfunc, getattrfunc, getattrofunc, setattrfunc, setattrofunc, reprfunc, hashfunc

The structure definition for Py TypeObject can be found in Tnclude/object .h. For convenience of refer-
ence, 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;

printfunc tp_print;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

Q)
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/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;

} PyTypeObiject;

The type object structure extends the Py VarOb ject structure. The ob_size field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that Py Type_ Type (the metatype) initializes
tp_1itemsize, 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_REFS is defined. Their initialization to NULL
is taken care of by the PyObject_HEAD_INIT macro. For statically allocated objects, these fields always
remain NULL. For dynamically allocated objects, these two fields are used to link the object into a doubly-linked
list of all live objects on the heap. This could be used for various debugging purposes; currently the only use is
to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF' S
is set.

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.

This field is not inherited by subtypes.

PyTypeObject* PyObject . ob_type
This is the type’s type, in other words its metatype. It is initialized by the argument to the
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PyObject_HEAD_INIT macro, and its value should normally be §PyType_Type. However, for dynam-
ically loadable extension modules that must be usable on Windows (at least), the compiler complains that this
is not a valid initializer. Therefore, the convention is to pass NULL to the PyObject_HEAD_INIT macro
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. Py Type_Ready () checks if ob_type
is NULL, and if so, initializes it to the ob_type field of the base class. PyType_Ready () will not change
this field if it is non-zero.

This field is inherited by subtypes.

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.

This field is not inherited by subtypes.

const char* PyTypeObject . tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module
globals, the string should be the full module name, followed by a dot, followed by the type name; for built-in
types, it should be just the type name. If the module is a submodule of a package, the full package name is
part of the full module name. For example, a type named T defined in module M in subpackage Q in package
P should have the tp_ name initializer "P.Q .M. T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly
stored in the type dict as the value for key ' __module__ '.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot
is made accessible as the __module__ attribute, and everything after the last dot is made accessible as the
___name___ attribute.

If no dot is present, the entire tp_name field is made accessible as the __name___ attribute, and the
__module___ attribute is undefined (unless explicitly set in the dictionary, as explained above). This means
your type will be impossible to pickle. Additionally, it will not be listed in module documentations created
with pydoc.

This field 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_ i temsi ze field, types with
variable-length instances have a non-zero tp_itemsize field. For a type with fixed-length instances, all
instances have the same size, given in tp_basicsize.

For a type with variable-length instances, the instances must have an ob_size field, and the instance size
is tp_basicsize plus N times tp_itemsize, where N is the “length” of the object. The value of
N is typically stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative
ob_size toindicate a negative number, and Nis abs (ob_size) there. Also, the presence of 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_s1ize field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an ini-
tializer for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance
layout. The basic size does not include the GC header size.

These fields are inherited separately by subtypes. If the base type has a non-zero tp_itemsize, it is gen-
erally not safe to set tp_itemsize to a different non-zero value in a subtype (though this depends on the
implementation of the base type).
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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).

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 destructor function is called by the Py DECREF () and Py_XDECREF () macros when the new
reference count is zero. At this point, the instance is still in existence, but there are no references
to it. The destructor function should free all references which the instance owns, free all memory
buffers owned by the instance (using the freeing function corresponding to the allocation function used
to allocate the buffer), and finally (as its last action) 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
using PyObject_GC_New () or PyObject_GC_NewVar ().

This field is inherited by subtypes.

printfunc PyTypeObject .tp_print
Reserved slot, formerly used for print formatting in Python 2.x.

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.
The signature is

PyObject * tp_getattr (PyObject *o, char *attr_name);

This field is inherited by subtypes together with t p_getattro: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

setattrfunc PyTypeObject .tp_setattr
An optional pointer to the function for setting and deleting attributes.

This field is deprecated. When it is defined, it should point to a function that acts the same as the
tp_setattro function, but taking a C string instead of a Python string object to give the attribute name.
The signature is

PyObject * tp_setattr (PyObject *o, char *attr_name, PyObject *v);

The v argument is set to NULL to delete the attribute. 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* tp_as_async
Pointer to an additional structure that contains fields relevant only to objects which implement awaitable and
asynchronous iterator protocols at the C-level. See Async Object Structures for details.

3.5 #rifE: Formerly known as tp_compare and tp_reserved.

reprfunc PyTypeObject . tp_repr
An optional pointer to a function that implements the built-in function repr ().

The signature is the same as for PyObject_Repr (); it 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.
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When this field is not set, a string of the form <%s object at $%$p> isreturned, where $s is replaced by
the type name, and %$p by the object’s memory address.

This field is inherited by subtypes.

PyNumberMethods* 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.

The tp_as_number field is not inherited, but the contained fields are inherited individually.

PySequenceMethods* 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.

The tp_as_sequence field is not inherited, but the contained fields are inherited individually.

PyMappingMethods* 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.

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 PyOb ject_Hash (); it must return a value of the type Py_hash_t. 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.

This field can be set explicitly to PyOb ject_HashNot Implemented () to block inheritance of the hash
method from a parent type. This is interpreted as the equivalent of __hash__ = None at the Python
level, causing isinstance (o, collections.Hashable) to correctly return False. Note that the
converse is also true - setting __hash___ = None on a class at the Python level will result in the tp_hash
slot being set to PyOb ject_HashNot Implemented ().

When this field is not set, an attempt to take the hash of the object raises TypeError.

This field is inherited by subtypes together with tp_richcompare: a subtype inherits both of
tp_richcompareand tp_hash, whenthe subtype’s tp_richcompareand tp_hash are both NULL.

ternaryfunc PyTypeObject .tp_call
An optional pointer to a function that implements calling the object. This should be NULL if the object is not
callable. The signature is the same as for PyObject_Call ().

This field is inherited by subtypes.

reprfunc PyTypeObject .tp_str
An optional pointer to a function that implements the built-in operation st r () . (Note that st r is a type now,
and str () calls the constructor for that type. This constructor calls PyObject_Str () to do the actual
work, and PyObject_Str () will call this handler.)

The signature is the same as for PyOb ject_ St r ();it must return a string or a Unicode object. This function
should return a "friendly” string representation of the object, as this is the representation that will be used,
among other things, by the print () function.

When this field is not set, PyOb ject_Repr () is called to return a string representation.
This field is inherited by subtypes.

getattrofunc PyTypeObject .tp_getattro
An optional pointer to the get-attribute function.

The signature is the same as for PyObject_GetAttr (). It is usually convenient to set this field to
PyObject_GenericGetAttr (), which implements the normal way of looking for object attributes.

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.
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setattrofunc PyTypeObject .tp_setattro
An optional pointer to the function for setting and deleting attributes.

The signature is the same as for PyObject_SetAttr (), butsetting vto NULL to delete an attribute must be
supported. It is usually convenient to set this field to PyOb ject_GenericSetAttr (), which implements
the normal way of setting object attributes.

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.

PyBufferProcs* PyTypeObject .tp_as_buffer
Pointer to an additional structure that contains fields relevant only to objects which implement the buffer in-
terface. These fields are documented in Buffer Object Structures.

The tp_as_buffer field is not inherited, but the contained fields are inherited individually.

unsigned long PyTypeObject .tp_£flags
This field is a bit mask of various flags. Some flags indicate variant semantics for certain situations; oth-
ers are used to indicate that certain fields in the type object (or in the extension structures referenced via
tp_as_number, tp_as_sequence, tp_as_mapping, and tp_as_buffer) that were historically
not always present are valid; if such a flag bit is clear, the type fields it guards must not be accessed and must
be considered to have a zero or NULL value instead.

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS_HAVE_GC flag bit is inherited together with the
tp_traverseand tp_clear fields, i.e. if the Py TPFLAGS_HAVE_GC flag bit is clear in the subtype
and the tp_traverse and tp_clear fields in the subtype exist and have NULL values.

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 Py Type HasFeature () takes a type and a flags value, #p and
f, and checks whether tp—->tp_flags & f isnon-zero.

Py_TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap. In this case, the ob_t ype 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 DECREF’ed when an instance is destroyed (this does not apply to instances of subtypes;
only the type referenced by the instance’s ob_type gets INCREFed or DECREF’ed).

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).

Py_TPFLAGS_READY
This bit is set when the type object has been fully initialized by Py Type_Ready ().

Py_TPFLAGS_READYING
This bit is set while Py Type_Ready () is in the process of initializing the type object.

Py_TPFLAGS_HAVE_GC
This bit is set when the object supports garbage collection. If this bit is set, instances must be created using
PyObject_GC_New () and destroyed using PyOb ject_GC_Del (). More information in section
{2t % £ A F 35183735 389 )%. This bit also implies that the GC-related fields tp_t raverse and
tp_clear are present in the type object.

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.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_SUBCLASS

Py_TPFLAGS_TUPLE_SUBCLASS
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Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS
These flags are used by functions such as PyLong Check () to quickly determine if a type
is a subclass of a built-in type; such specific checks are faster than a generic check, like
PyObject_IsInstance (). Custom types that inherit from built-ins should have their tp_flags
set appropriately, or the code that interacts with such types will behave differently depending on what
kind of check is used.

Py_TPFLAGS_HAVE_FINALIZE
This bit is set when the tp_finalize slotis present in the type structure.

3.4 B fE.

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.

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. More information about Python’s garbage collection scheme can
be found in section 1# % % & 7 & AF G IR I IR = L.

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_t raverse function simply calls Py VISIT () on each of the instance’s members that
are Python objects that the instance owns. For example, this is function 1local_traverse () from the
_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 O;

Note that Py VISTT () 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.

#% fe: When implementing tp_traverse, only the members that the instance owns (by having
strong references to them) must be visited. For instance, if an object supports weak references via the
tp_weaklist slot, the pointer supporting the linked list (what p_weaklist points to) must not be visited
as the instance does not directly own the weak references to itself (the weakreference list is there to support
the weak reference machinery, but the instance has no strong reference to the elements inside it, as they
are allowed to be removed even if the instance is still alive).

Note that Py VISIT () requires the visit and arg parameters to Local_traverse () to have these specific
names; don’t name them just anything.

This field is inherited by subtypes together with tp_clear and the Py TPFLAGS_HAVE_GC flag bit: the
flagbit, tp_traverse,and tp_clear areall inherited from the base type if they are all zero in the subtype.
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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 tp_clear member function is used to break reference cycles in cyclic garbage detected by the garbage
collector. Taken together, all tp_ clear functions in the system must combine to break all reference cycles.
This is subtle, and if in any doubt supply a t p_clear function. For example, the tuple type does not imple-
ment a tp_clear function, because it’s possible to prove that no reference cycle can be composed entirely
of tuples. Therefore the t p_clear functions of other types must be sufficient to break any cycle containing
a tuple. This isn’t immediately obvious, and there’s rarely a good reason to avoid implementing tp_clear.

Implementations of tp_clear should drop the instance’s references to those of its members that may be
Python objects, and set its pointers to those members to NULL, as in the following example:

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR(self->args);
Py_CLEAR (self->kw);
Py_CLEAR (self->dict);
return O;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the con-
tained object must not be decremented until after the pointer to the contained object is set to NULL. This is
because decrementing the reference count may cause the contained object to become trash, triggering a chain
of reclamation activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks,
associated with the contained object). If it’s possible for such code to reference self again, it’s important that
the pointer to the contained object be NULL at that time, so that self knows the contained object can no longer
be used. The Py_ CLEAR () macro performs the operations in a safe order.

Because the goal of tp_clear functions is to break reference cycles, it’s not necessary to clear contained
objects like Python strings or Python integers, which can’t participate in reference cycles. On the other hand, it
may be convenient to clear all contained Python objects, and write the type’s t o_dea 1 1oc function to invoke
tp_clear.

More information about Python’s garbage collection scheme can be found in section 1 %} % % 71 ¥ 344 71
¥ IR EDIL.

This field is inherited by subtypes together with tp_t raverse and the Py TPFLAGS HAVE_GC flag bit:
the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the
subtype.

richcmpfunc PyTypeObject .tp_richcompare
An optional pointer to the rich comparison function, whose signature is PyObject
*tp_richcompare (PyObject *a, PyObject *b, int op). The first parameter is guar-
anteed to be an instance of the type that is defined by Py TypeObject.

The function should return the result of the comparison (usually Py_True or Py_False). If the comparison
is undefined, it must return Py_Not Implemented, if another error occurred it must return NULL and set
an exception condition.

{Ef#: If you want to implement a type for which only a limited set of comparisons makes sense (e.g. == and
!'=, but not < and friends), directly raise TypeError in the rich comparison function.

This field is inherited by subtypes together with tp_hash: a subtype inherits tp_ richcompare and
tp_hash when the subtype’s tp_richcompare and tp_hash are both NULL.

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
PyObject *Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, int op)
Return Py_True or Py_False from the function, depending on the result of a comparison. VAL_A

and VAL_B must be orderable by C comparison operators (for example, they may be C ints or floats).
The third argument specifies the requested operation, as for PyObject_RichCompare ().

The return value’s reference count is properly incremented.

On error, sets an exception and returns NULL from the function.
3.7 B EE.

Py_ssize_t PyTypeObject.tp_weaklistoffset
If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used
by PyObject_ClearWeakRefs () and the PyWeakref_* () functions. The instance structure needs
to include a field of type PyObject * which is initialized to NULL.

Do not confuse this field with t p_ weak 11 st; that is the list head for weak references to the type object itself.

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype uses a different weak reference list head than the base type. Since the list head is always found
via tp_weaklistoffset, this should not be a problem.

When a type defined by a class statement has no ___slots__ declaration, and none of its base types are
weakly referenceable, the type is made weakly referenceable by adding a weak reference list head slot to the
instance layout and setting the tp_weaklistoffset of that slot’s offset.

When a type’s ___slots___ declaration contains a slot named ___weakref__, that slot becomes the weak
reference list head for instances of the type, and the slot’s offset is stored in the type’s t p_weaklistoffset.

When a type’s __slots___ declaration does not contain a slot named __weakref__, the type inherits its
tp_weaklistoffset from its base type.

getiterfunc PyTypeObject .tp_iter
An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

This function has the same signature as PyOb ject_GetIter ().
This field is inherited by subtypes.

iternextfunc PyTypeObject .tp_iternext
An optional pointer to a function that returns the next item in an iterator. 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 ter 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 ().
This field is inherited by subtypes.

struct PyMethodDef* PyTypeObject . tp_methods
An optional pointer to a static NULL-terminated array of PyMethodDef structures, declaring regular meth-
ods of this type.
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For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a
method descriptor.

This field is not inherited by subtypes (methods are inherited through a different mechanism).

struct PyMemberDef* PyTypeObject . tp_members
An optional pointer to a static NULL-terminated array of PyMemberDef structures, declaring regular data
members (fields or slots) of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a
member descriptor.

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 PyGetSetDef structures, declaring computed
attributes of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see t p_ dict below) containing a getset
descriptor.

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.

This field is not inherited by subtypes (obviously), but it 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__()).

This field is not inherited by subtypes (though the attributes defined in here are inherited through a different
mechanism).

M Ttis not safe to use PyDict_SetItem () on or otherwise modify t p_dict with the dictionary
C-API.

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);

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. 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

11.3. HBIFR 167



The Python/C API, X% 3.7.7

contains the offset in the instances of the type of the instance variable dictionary; this offset is used by
PyObject_GenericGetAttr().

Do not confuse this field with tp_dict; that is the dictionary for attributes of the type object itself.

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If
the value is less than zero, it specifies the offset from the end of the instance structure. A negative offset is
more expensive to use, and should only be used when the instance structure contains a variable-length part.
This is used for example to add an instance variable dictionary to subtypes of str or tuple. Note that the
tp_basicsize field should account for the dictionary added to the end in that case, even though the dictio-
nary is not included in the basic object layout. On a system with a pointer size of 4 bytes, tp_dictoffset
should be set to —4 to indicate that the dictionary is at the very end of the structure.

The real dictionary offset in an instance can be computed from a negative tp_dictoffset as follows:

dictoffset = tp_basicsize + abs(ob_size) *tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

where tp_basicsize, tp_itemsize and tp_dictoffset are taken from the type object, and
ob_size is taken from the instance. The absolute value is taken because ints use the sign of ob_size
to store the sign of the number. (There’s never a need to do this calculation yourself; it is done for you by
_PyObject_GetDictPtr().)

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is
always found via tp_dictoffset, this should not be a problem.

When a type defined by a class statement has no ___slots___ declaration, and none of its base types has an
instance variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set
to that slot’s offset.

When a type defined by a class statement has a __slots__ declaration, the type inherits its
tp_dictoffset from its base type.

(Adding a slot named __dict__ tothe __slots___ declaration does not have the expected effect, it just
causes confusion. Maybe this should be added as a feature just like __weakref _ though.)

initproc PyTypeObject .tp_init

An optional pointer to an instance initialization function.

This function corresponds to the __init__ () method of classes. Like __init__ (), it is possible to
create an instance without calling __init__ (), and it is possible to reinitialize an instance by calling its
__init__ () method again.

The function signature is

int tp_init (PyObject *self, PyObject *args, PyObject *kwds)

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of the callto __init__ ().

The tp_init function, if not NULL, is called when an instance is created normally by calling its type, after
the type’s t p_ new function has returned an instance of the type. If the ¢ p_ new function returns an instance
of some other type that is not a subtype of the original type, no tp_init function is called; if tp_new
returns an instance of a subtype of the original type, the subtype’s tp_init is called.

This field is inherited by subtypes.

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)
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The purpose of this function is to separate memory allocation from memory initialization. It should return a
pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized to zeros, but
with ob_refcnt set to 1 and ob_type set to the type argument. If the type’s tp_itemsize is non-
zero, the object’s ob_size field should be initialized to nitems and the length of the allocated memory block
shouldbe tp_basicsize + nitems*tp_itemsize,rounded uptoamultiple of sizeof (void*);
otherwise, nitems is not used and the length of the block should be tp_basicsize.

Do not use this function to do any other instance initialization, not even to allocate additional memory; that
should be done by tp_new.

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement); in
the latter, this field is always set to Py Type_GenericAlloc (),toforce astandard heap allocation strategy.
That is also the recommended value for statically defined types.

newfunc PyTypeObject .tp_new
An optional pointer to an instance creation function.

If this function is NULL for a particular type, that type cannot be called to create new instances; presumably
there is some other way to create instances, like a factory 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.

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

destructor PyTypeObject .tp_free
An optional pointer to an instance deallocation function. Its signature is freefunc:

void tp_free(void *)

An initializer that is compatible with this signature is PyOb ject_Free ().

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement);
in the latter, this field is set to a deallocator suitable to match Py Type_ GenericAlloc () and the value of
the Py_TPFLAGS_HAVE_GC flag bit.

inquiry PyTypeObject .tp_is_gc
An optional pointer to a function called by the garbage collector.

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient
to look at the object’s type’s tp_flags field, and check the Py TPFLAGS HAVE_GC flag bit. But some
types have a mixture of statically and dynamically allocated instances, and the statically allocated instances are
not collectible. Such types should define this function; it should return 1 for a collectible instance, and 0 for a
non-collectible instance. The signature is

int tp_is_gc(PyObject *self)

(The only example of this are types themselves. The metatype, Py Type_Type, defines this function to
distinguish between statically and dynamically allocated types.)

This field is inherited by subtypes.
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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.
This field is not inherited.

PyObject* PyTypeObject .tp_mro
Tuple containing the expanded set of base types, starting with the type itself and ending with object, in
Method Resolution Order.

This field is not inherited; it is calculated fresh by Py Type_Ready ().

destructor PyTypeObiject .tp_finalize
An optional pointer to an instance finalization function. Its signature is destructor:

void tp_finalize (PyObject *)

If tp_finalizeis set, the interpreter calls it once when finalizing an instance. It is called either from the
garbage collector (if the instance is part of an isolated reference cycle) or just before the object is deallocated.
Either way, it is guaranteed to be called before attempting to break reference cycles, ensuring that it finds the
object in a sane state.

tp_finalize should not mutate the current exception status; therefore, a recommended way to write a
non-trivial finalizer is:

static void
local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

VA V4

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

For this field to be taken into account (even through inheritance), you must also set the
Py TPFLAGS_HAVE_FINALIZE ﬂags bit.

This field is inherited by subtypes.
3.4 BRI HE.

S

”Safe object finalization” (PEP 442)

PyObject* PyTypeObject .tp_cache
Unused. Not inherited. Internal use only.

PyObject* PyTypeObject .tp_subclasses
List of weak references to subclasses. Not inherited. Internal use only.

PyObject* PyTypeObject . tp_weaklist
Weak reference list head, for weak references to this type object. Not inherited. Internal use only.

The remaining fields are only defined if the feature test macro COUNT_ALLOCS is defined, and are for internal use
only. They are documented here for completeness. None of these fields are inherited by subtypes.

Py_ssize_t PyTypeObject.tp_allocs
Number of allocations.

Py_ssize_t PyTypeObject.tp_frees
Number of frees.
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Py_ssize_t PyTypeObject.tp_maxalloc
Maximum simultaneously allocated objects.

PyTypeObject* PyTypeObject .tp_next
Pointer to the next type object with a non-zero tp_allocs field.

Also, note that, in a garbage collected Python, tp_dealloc may be called from any Python thread, not just the thread
which created the object (if the object becomes part of a refcount cycle, that cycle might be collected by a garbage
collection on any thread). This is not a problem for Python API calls, since the thread on which tp_dealloc is called
will own the Global Interpreter Lock (GIL). However, if the object being destroyed in turn destroys objects from
some other C or C++ library, care should be taken to ensure that destroying those objects on the thread which called
tp_dealloc will not violate any assumptions of the library.

11.4 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 ¥ 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_lshift;
binaryfunc nb_rshift;
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 nb_inplace_1lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;
binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc nb_matrix_multiply;

Q)
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(£ L£50)

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

{Efi#t: Binary and ternary functions must check the type of all their operands, and implement the necessary
conversions (at least one of the operands is an instance of the defined type). If the operation is not defined
for the given operands, binary and ternary functions must return Py_Not Implemented, if another error
occurred they must return NULL and set an exception.

H:f#: The nb_reserved field should always be NULL. It was previously called nb_1ong, and was re-
named in Python 3.0.1.

11.5 Mapping Object Structures

PyMappingMethods
This structure holds pointers to the functions which an object uses to implement the mapping protocol. It has
three members:

lenfunc PyMappingMethods.mp_length
This function is used by PyMapping Size () and PyObject_Size (), and has the same signature. This
slot may be set to NULL if the object has no defined length.

binaryfunc PyMappingMethods .mp_subscript
This function is used by PyObject_GetItem() and PySequence_GetSlice (), and has the same
signature as PyObject_GetItem (). This slot must be filled for the PyMapping Check () function to
return 1, it can be NULL otherwise.

objobjargproc PyMappingMethods .mp_ass_subscript
This function is used by PyObject_SetItem(), PyObject_DelItem(),
PyObject_SetSlice() and PyObject_DelSlice(). It has the same signature as
PyObject_SetItem(), but v can also be set to NULL to delete an item. If this slot is NULL, the
object does not support item assignment and deletion.

11.6 Sequence Object Structures

PySequenceMethods
This structure holds pointers to the functions which an object uses to implement the sequence protocol.

lenfunc PySequenceMethods.sq length
This function is used by PySequence_Size () and PyObject_Size (), and has the same signature. It
is also used for handling negative indices via the sg_itemand the sqg_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.
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Negative indexes are handled as follows: if the sq_length slotis filled, it is called and the sequence length is
used to compute a positive index which is passed to 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 (). Itis also used by the
augmented assignment +=, after trying numeric in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat
This function is used by PySequence_ InPlaceRepeat () and has the same signature. It
should modify its first operand, and return it.  This slot may be left to NULL, in this case
PySequence_InPlaceRepeat () will fall back to PySequence_Repeat (). Itis also used by the
augmented assignment *=, after trying numeric in-place multiplication via the nb_inplace_multiply
slot.

11.7 Buffer Object Structures

PyBufferProcs
This structure holds pointers to the functions required by the Buffer protocol. The protocol defines how an
exporter object can expose its internal data to consumer objects.

getbufferproc PyBufferProcs .bf_getbuffer
The signature of this function is:

int (PyObject *exporter, Py_buffer *view, int flags);

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—>o0bj.
(5) Return 0.
If exporter is part of a chain or tree of buffer providers, two main schemes can be used:

* Re-export: Each member of the tree acts as the exporting object and sets view—>ob j to a new reference
to itself.

» Redirect: The buffer request is redirected to the root object of the tree. Here, view—>obj will be a
new reference to the root object.

The individual fields of view are described in section Buffer structure, the rules how an exporter must react to
specific requests are in section Buffer request types.
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All memory pointed to in the Py_ buf fer structure belongs to the exporter and must remain valid until there

are no consumers left. format, shape, strides, suboffsets and internal are read-only for the
consumer.

PyBuffer FillInfo () provides an easy way of exposing a simple bytes buffer while dealing correctly
with all request types.

PyObject_GetBuffer () is the interface for the consumer that wraps this function.

releasebufferproc PyBufferProcs .bf_releasebuffer
The signature of this function is:

void (PyObject *exporter, Py_buffer *view);

Handle a request to release the resources of the buffer. If no resources need to be released,

PyBufferProcs.bf_releasebuffer may be NULL. Otherwise, a standard implementation of this
function will take these optional steps:

(1) Decrement an internal counter for the number of exports.
(2) If the counter is 0, free all memory associated with view.

The exporter MUST use the i nt ernal field to keep track of buffer-specific resources. This field is guaranteed
to remain constant, while a consumer MAY pass a copy of the original buffer as the view argument.

This function MUST NOT decrement view->obj, since that is done automatically in
PyBuffer Release () (this scheme is useful for breaking reference cycles).

PyBuffer Release () is the interface for the consumer that wraps this function.

11.8 Async Object Structures

3.5 BRI
PyAsyncMethods

This structure holds pointers to the functions required to implement awaitable and asynchronous iterator ob-
jects.

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.

174 Chapter 11. &t



The Python/C API, k% 3.7.7

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.
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B, BRI R BOR BRI .
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PyObject_GC_Track () WZESLIRAS . EAREHH T3 R,
3.6 i G R R iXNTE Python 3.8 RS [ .
[IRER, X4 ARG AR A AF 3 2L R -
L AE5 | B AR FBRSnT, WA PyObject_GC_UnTrack() .
2. W PyObject_GC_Del () BN NAE.

void PyObject_GC_Del (void *op)
FEBOS SR NAT, ZX R ILRT I PyObject_GC_New () B{PyObject_GC_NewVar () 43HELH
1Fo

void PyObject_GC_UnTrack (void *op)
MBI AR AR REGTREE op MR WHEE ALY R EH KA
M PyObject _GC_Track () PARFHN B ) 7 #R B0 REE . BT (tp_dealloc FJHH) V.24
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void _PyObject_GC_UNTRACK (PyObject *op)
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tp_traverse MDA N RBIWRETES .

int (*visitproc) (PyObject *object, void *arg)
fedhtp_traverse AEFRAYTT IV BB T . object 27548 PR EYLRE T — X4, HBEAES
X T tp_traverse A3 arg . Python %0 F 22 AN 71 eRECSE IUE RS | FH B3 As i, A
TR P BT ) R AR

tp_traverse ACFRLMIE DA T :

int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
T AN G030 T bR A B S I 00 self Fir LA & B AN X R ) visie eRES, visit (1)TE2:
R X R G G AL BRAR T arg {EL. visit BRECTR FAS AT BfFA NULL SPRAERSE. Q2R visit 3%
MIEZAE, AR 24 85 7 B ]

N T fHifetp_traverse EFASLEL, Python &ML T —Ary vISIT() K. HEMAXAE, LM
etp traverse MZEaN4 N visit Fl arg .
void Py_VISIT (PyObject *0)

W o A NULL, WA visit [0 pR L, PAFSE o F arge IR visit 3R 0] — SRR, MR (]
HMH. HEZ)R, tp_traverse SEBARFHIILAUT:

static int
my_traverse (Noddy *self, visitproc visit, woid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear QRPIREF AN inquiry KA, WIRXTGARTATAZ N NULL.

int (*inquiry) (PyObject *self')
EF ARG RIS AR QORI %, PO A A W RE B AR s . &
LHENZ, MNRIEWMA BRI RE R0 CREEx | R Py _DECREF () H¥E). 4
B SRS B2 RAETE G | i, AR
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A H. OxF @i ZAS) , FEIX B+ HiX N iR A2 alpha JfUAs

29-32 PY_RELEASE_SERIAL (3.4.1a2  HH 2, A4 0)

I 3.4.1a2 i 16 FEHIRAS /2 0x030401a2
A 3207 2280 & XAE Include/patchlevel.h,
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FA~ yield SIEHFEHEALRE, A 4RI EPATIRGS (BIGRHA RN oy 15A)). 4% &
RIS R EWIE IS, B METFO BARS AT (X 583 YR B AT R 1385 8 pR AR 22 IR )
generator expression -- AR EFRIE X R MERIIFRIEL . BREERMRGEERILXG WA E X
T MEHA R, R for 74), PAL—DANER 1 7). PUFEAHRBX S HIMNZ R B
—RIIMH:

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

generic function -- jZ RIpR B A (] Y S 2R SCBURH [ 41 1) 224 ok BT L IS0 A R B, E RTINS 2 el 9 58
SRR A R N B VR AN S B

WBiE S Wsingle dispatch RiEZFES5H . functools.singledispatch () 3MfigePA & PEP 443,
GIL Z: W global interpreter lock

global interpreter lock -- 2 JSyffBEZT BT CPython fFRERS TR B —FOHLA], B0 PR [ — i 2 A — A2
FEAEINAT Python byrecode, MALHITHEIT BB X SRR ((14E dict SEBNERA) HXIF LU
ke 24 ik T CPython SEE. 2 RS MRE R I B (S AR 4 2 RIS AT BT 68, AR DU 4
PETAEZ AL PRES BT

AN, SR P S =07 PR T R IR AR T R TR AT VT SR BT 55 G H 4 e A SRR
GIL. W5k, #EIhAT VO Bl 2 SRk GIL.

Bl —A (PAERSANRLED RS SR ) A A" MRS M ARIRIR R, B4
R 3 PR A R R DL S RO PEBE o R S IR b B TR A A R R B AR A Ak, AT
MELAZES

hash-based pyc -- J& Wy Ay 8] pye (i FH TRV Y SC A (4 WG (B0 T FE 35 5 18 w5 B 1] R ff o A s A 0
ZAE . &I pyc-invalidation.

hashable -- n[Wy 7y — /N3 G2 e A (A0SR AE LR dy N R B, ipcl e A (B EEA
__hash__ () Jiik), FFRIDARHAXS RIEAT I (ERERA _ea O J5iR). ISR G AL
AEAT MR RIS A (L EURR S5 5RA ]

TP SRR R SRR T SR A A LB, DR Ry B 2 ) A N T 0 AL

KZ % Python KR T AS A B X GEE AR5 IS ZRds (BlAnFI R L) #ORTIR A A
AR (BIANICAIAN frozenset) (Y4B NTRYICRIY N WG A N A TG A1) o 1] L2 Sl
XGERNZTIRAH EATHE B — @AM (FRARe S5 AT ), BT AR R oS
TEMH id0 .

IDLE Python [¥] IDE, “SRISIT & 524 FREE” HZECHHE . I Python ARifE 5 AT AT 1) BE AR G AR A1 AT
R P05

immutable -- w48 BA [E R R . A REAELCT . FAHAICA . SKAERXT R RERLE .
WRAM Tl — DA RIE, WLAEGT R R . EAHE R 2R RIS A (A TR AR
BIANE 7 S i B

import path -- A4 HZAE (s 2% B ) USSR, G parh based finder KT
FAHRM. FEFAR, MATESREH K H sys.path, (XHRGARUEATEER B R MH
__path__ J&E.

importing -- A & MR ) Python FUASfEA 75 —AMBEER H ) Python HUAH T (1L 72 -

importer -- S AZ% ARIFMBBIRIGXT R B RBEE T finder SUgF loader .

interactive -- £ 7. Python iy — N B UfiRedy, RIRH] DAEMRRESR SR R A S i A B AN iA s, S Rp

PATHERELR . AFAWSEIHE) python fyd (HnT DAHERIG TS HLIT 46 53 B e A
R EEAT) o AE B AR BUG B BEIRAN G A I X A7 U AR RO LA help (x) ).
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interpreted -- i FE%! Python —RMMREALET, SZMIMARHIFAIGT, SAME I DO H T3y
S B AT AE I 2 A B AEA] .  CWR 3G YR SCPF ] DAL Bz A7 i A 4 (2 Xt B T AT SRz
1o MR INE T w A g B 2R A R OT AR R ], HR AR P TR . 2

Tinteractive ,

interpreter shutdown -- fiBE25 5GP 2485 2K C R, Python fERERRRF A —NRpIRIZ 1T BOF B 40 B
T B EL R VR, B AR & B NI EE . BIRSZRIAR R el 5. X ek H P
FE MRS S E5 5 | EE ARSI T o FE B BT AR RS P RE 2B B 45 Rl i, BN HL K
R TIREARFA R (3 W T A el ZAh- ML 55 )

fREAR 5 SR I ERE A __main_ BUREHTE T IA O 5 AT -

iterable -- W[ EACRTR AEMSE—i& I HR AT R . WSS R0 T (48 A 90262 (Bl List .
str fl tuple) PARKELEIRSFHRABIU dict, LA ARGEXT __iter () HiEHUR%
BT Sequence ifs L __getitem__ () JrikMMLIE HE IR

TR ST T for MRSV Z ST E—AFAIIT (2ip (0 map () ). %]
PR R AEN S EE AN BRI iter O I, 2R FPORIE R, R A HHE T X
GBI . 7P AT RE O R, Rl AT B dter O St H O AL A RIS
For TN MR ENALBIAREIRAE, IR — NI o 4 AT R TE TR MR A 1. 5

Witerator . sequence VA Jtgenerator,

iterator - JXIRAF HORFIR — LIRS . ERIAERSN _next__ () ik (BURHALSAN
BRREL next () FFEREF A, 2484 Bn ] HIR5] % stopIteration Spii. FiX
IR AR BRI CAER, RSB __next_ () FEHASFHRG|K StopIteration
Fd . RHARAEAT __iter_ () JVAMPRIRENZEACENR A &, Ik A e 5E g alik
G, AT T AR AR GE AR 6. — D REWHIINSILE 22 W EE VAN
BRI . A g (B0 List) FEARIRIHAAA iter () BREEURTE for THFR P Em#H
K7 AR AR . WERAE AR B0 T R T 2 AR I 2 3% [l 7 2 i 18 A e P e R [
—IERENR, ARG DR

W25 B &R typeiter,

key function -- $tpR% FH pR AP RS BE ok B, 2 BEAE AR [l ] T HEJF BCHEOL 0 (604 TR X g i,
locale.strxfrm () W T AT A1 E KIHT 202 1 HE i

Python gV 2 T A fuiF s Ok HIT R A B0 41y Ko K adE min (O, max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () DA
M itertools.groupby ().

AR 2R . B, str.lower () FIEW AHMEZBS KNG HEF I BEREL. 7
Ab, FERBR A E T lambda FEhRRAIE, Hlil lambda r: (r[0], r[2]).Af operator
AR AL T = A R A SRS . attrgetter (). itemgetter () Mlmethodcaller (). HEE
QT HEFE — 7 AR I RN A5 FH 5 e R o 48

keyword argument -- Yot B8 2 Wargument .
lambda fi—>EAfexpression ¥ BE A NIKCER L, KRB STE IR . A1 lambda s 4775

5 lambda [parameters]: expression

LBYL “Jefif GHkiR” M9 Cais . XA AU g 5 XM S AE BEF T IR 1 Bl 4 2 A S Ui AS A i 45 F
BEXAE 5 EAFP J7 35U ORrEE R SR R A 1 £ 154
LSRG, LBYL TRLFE “&F” Al “BRER” ZRAAFA5ed M. B, AR
if key in mapping: return mappinglkey] W] REH THEMEBAEZ 5 HAB L AR M mapping
HFSER T key T HE A o 3R )80 AT Sk I A B ) EARP Oy 2Ok gk

list -- 14 Python P& [ —Flsequence. B IR HHNF, (BT HAE F h i BCEH m IR#EH 51 2%,
MFE TR I RIS 2R EE R O(1).

list comprehension -- F i3 AL FF 51 b 1) e A BUER 73 JC 3 H 3R I 45 2188 Ry — P BB B k.
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] 4K —
A~ 0 2 255 JEE NS BERHBEOT AR (0x.) B9FIR. o i f FAZATEERY, AnAg R
range (256) HHITA TR AT

184 Appendix A. RiEXEEE



The Python/C API, k% 3.7.7

loader -- MRS TIPS Z . BUHE L 4K load_module () W . MNEHRE T H—
Afinder I3[0, eGS0 PEP 302, X} T-abstract base class 1] Z: |, importlib.abc.Loader,
magic method -- AR J5id: special method W)AEIE 2[R XA .

mapping -- WLt — B SCRAT B A R L T Mapping B MutableMapping il 4 5 2 BT L
FHERIERIT R, B E2 T35 dict, collections.defaultdict, collections.
OrderedDict PAM collections.Counter,

meta path finder -- JTIIEMIREY sys.meta_path W R TR [l ) finder. TCE A 48 Spath entry
finders AFAE RIPAHFF A A .

EAE importlib.abc.MetaPathFinder TR EH AR T SCIMI ¥ .

metaclass -- oI —Fh I TAIEERE. JoE L ERY . RPMAELINR. TRATHEZ Lk =1
ZHOFQIEH N YA . AR TH [ R A G R H AP 2 52— ERINSE B . Python YRR I Z ALAET
AIDARE B g ot KA PUKIEATR XA T A, EYFEH BN, Joenrde b e ook
MR % . ENCHH TICs BT H ., IRt att. MRERT A8, SSHlasl, PR
HABVFZAE55 .

B %1% 2 I, metaclasses.,

method J5i% FEASTRE LHREL. QEARAVEAIZIEM LI — @R, R 2 SRBCE B S/
REESE—Aargument GRSy °H self). Z: U function Flnested scope.

method resolution order -- Ji iR 32 AT I 5l 2 70 AR O i 8 23R AP L2 BT FH B9 SE S I
WA E Python 2.3 Jy AN THEE 2.3 BGE Python fEATZEFT FHAH 6 4 3E 11261

module Bl X5 2 Python fUR ) —FhZHZURAN . AR BA ST Y iy 4% 25 18], I 60354 Python X
G0 BRAE L importing FEAEHNZE] Python i

Y Wpackage.

module spec -- BiJullgs — a4 a5, K as H T sk X FAFE. 2 importlib.
machinery.ModuleSpec [SLH.

MRO % lLmethod resolution order
mutable -- w2 AR AT ATEH 1d () PREFEDE PG OL N SR HBUE . 73155 Wimmutable,

named tuple -- B4 e8] ARify “HAILH” ol {l TAEMAOK H ool FHHIH I RG [ uRE s 4
PRIBYEARVT BB BE . AR B IA n] RET A H AR

HENERMETHMICH, 035 time. localtime () fll os.stat () WEREME. 54T

sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

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

True

HLeAZTeAlR N ERR (Bl BBl 1) .« thsh, A ITdlid ] @il H MK E XN tuple 4%
I E LA PR Bo Oy SOk A . XA AT TS, s(F A T) K% collections.
namedtuple () Q). JF—MIr b2 EIN—4T T 5N EH A ST PriscA AN ik

namespace -- iy 453 W] 644 25 (B AL B3 F . 44 25 (818 il . R B, I8 X R i E
A as B (FETEZ ) o fin s 23 (B R B 1k f 24 i 28 K SR Eefb . 540, pRi%i builtins. open
5 os.open () A& H a4 SR K Ao fings 23 )0 58 = WA MRS S I~ eR 450k 35 Bl
REnl T 4E3P M. B0, random.seed () B itertools.islice () XFEVEIRH T X
R A2 random 5 itertools Bl HISEHNE

namespace package -- fiy %5 |0 PEP 420 iy 5| AR —F U8 1 AE TR A dRipackage, fiv 44 25 1) A0 m]
PABCAT LRy, HfliidJy s Sregular package N[, PEAEATEA __init__.py 3.

a2 Wmodule,
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nested scope -- iREFEH 7E AN SGEFE NG| HASERIRE J7. Blan, 785 —RELz WE SRR EmT DA
5 EIE AR & R EAE A B 51 A SO SR IO Jarih AR s e AR SZ PR T
WEEHEL. X0n, £REENESIERT2RMA%00. @il nonlocal XAEFN AGE
NINZVE R

new-style class -- J X X T H /i © 90 T B A X209 RE W IHFRIE. 785 /619 Python it 7
H, HUE BN 2R RB A% )T Python 79 iy B8 2 3G Rk, B4 __slots_ . HIASF. FRAEJETE.
__getattribute_ (). KFEMESHES.

object -- X G ALATHATRE UBIEE(E) PARTUE AT R (I575) BIEE. object i fEfnew-style class
iR T EEZR A o

package -- 4 — il {0 & TR B L f 57 ) Python module. MBEAR b, @A __path__
JEVER) Python 55k,

52 Wregular package fnamespace package.

parameter -- JE5 funciion (BJ73%) & LA SK, EH8E REBOT DA Z B — A argument (BAERE
BT, 210%%). ALMES:

* positional-or-keyword : /B8 AT, F5E— DR AMERZ T 53 B AW DIME R L 425 4
RAREES . KBNS R, Bl R E R foo F1 bar:

def func(foo, bar=None): ... ‘

* positional-only: {UBROIE, F8E—HEEHALE L ASEL. Python %A & AR EIE S
FTE: . (RS EREBCH (R EIE S (Ll abs () ).

o keyword-only: {{FRICHETF, FE— N HABEM X FAE ARSI URAEBEF IS HELTE
PREE LITES S R & AW A BIE S sUEE 2 N AL BIE S Z Bi—A * ki X,
BIAN R kw_onlyl F1 kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

* var-positional: AIAE( ., 4§52 W] DASR B h — MERRCR Y LS SHR S (e HA
BZERZNESHZIG). EMESESTERSAFRHIINE ~ kE XL, BT args:

’def func(*args, **kwargs): ... ‘

* var-keyword: WIAZKHET, F57E AT DARRBME R AR KT S AL (MEINTE ML 2 E 321 %
BYSHLIG). RFES B S AMEINR ** RS, Bl LR kwargs.

TEZ ] AR]85 P RE RS EL, L nT DA HEEEnT BE S 4038 i BRIAE -
& Wargument RiEFELH . SHEESH X AP LA, inspect .Parameter 3, function
—4pLJ PEP 362,
path entry -- Y4 A 11 import path FEJ—A BN B, S¥lipath based finder ]l RA LB AFIFELRL,
path entry finder -- ¥1%2 A LA S AT — 7] 8 I X % il sys.path_hooks (Bipath entry hook) i& [f]
[ finder , RIS RETE L path entry g iFRHL o
5% importlib.abc.PathEntryFinder DA T f#BKIEA DB IRA I SLI AT

path entry hook -- B#EA LNEy¥ —Fh ] 8 IG5, 0038 AT & 4R g path entry LT 1B DL T BE
(5[] sys.path_hook ¥R [E]—"path entry finder.

path based finder -- J£ TP FRMIAEIRES BRAM—Fp ik 12 38 %%, AIHE—Nimport path A FATSR

path-like object -- JIERA R R DU RGE AN KB R0 AR — D ERR RN str
B bytes X4, BAPLEZ—NEI T os.PathLike PN L. — L HF os.PathLike
PR R AT E S os . fspath () RGN str B3 bytes RAEM M RGEFE; os.
fsdecode () fll os.fsencode () F[H 5 A KBRS str 5 bytes FERIPLEE. L5
i PEP 519 5| Ay,
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PEP “Python #3217 ML . —> PEP L@t 301, JHoKI Python #EIXFL AR, it
IR~ Python [tk B Hlk BE ok BREE . PEP 1 2442 SORS A 1) F5 ARIURS 1T 4 BURF 1 A S B
Hip

PEP WA VE M HE T SR v s . e DX 1) 80 S B3t DA B R o 2 Ain A Python i85 e 5
9 5 SRR ML . PEP fUVEE G TALAEAL X YR SR, I BREAS [R] 2 WL 0 A SRy .
%10, PEP 1,

portion - #4> A4 B4 44 25 (B AL B H SR N SCRE S (T BBAEICT —A> zip SCHE) . Bk X
i, PEP 420,

positional argument -- § BB S Wargument,

provisional API -- #5Z API 77 APL 25 BOA T HEFRAEAR ME 1Y 11 J5 AR A ME PR 2 S R A A2 1
SRR Tl A S PR B, (R BEHRC B E , il i) REAEA% DT A B A 2
UL T AT REAHA R E R (REEUFEBRZZD) . WAESOF R SBEREIAT - (UE AP
A RIS B )™ SRR BRI 1 A B4 7T BE X AL

RIS X APL R, 105 AN A BBl G R T 27— AFA] R SR A B
R R RESe 2l R B —Fh ] J5 A MR YL T 5 .
KR AL B SRR SRV ARE RSN W B AE R 2 TR U A T T B A . 1 DL PEP
411,

provisional package -- #[ 5 0 S Il provisional API,

Python 3000 Python 3.x %A B4R AINERR (364 FHAENUA 3 10 BT BB T NIRRT ) o
LA S Sy “Py3K”

Pythonic 35—~ B B uE — B AU B85 07 T Python 15 = 58 I KASFIFE S, A 206 HALE S
T AOAE A sk SE A . BT, Python F# ) RSS2 1] £or 1B B3R 3838 J — > n] AU %t 4
(I ICE . U HAE S A XA ZEH, A ZGR Python il A I £ % ] — BT
B

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

T 7 ) SE 57355 B Pythonic (75 35 i X FERY:

for piece in food:
print (piece)

qualified name -- g SR — D PAS S ROAFR, SR ML 4 R Ve 8 iz e vhog U R~
%{%ﬁ@zﬁ‘ﬁiﬂ‘] “BEART, AHIE XL PEP 3155, X T ERZRIVRERIZE, e AR SX AR —
£

>>> class C:
class D:
def meth (self):
pass

>>> C._ _qualname_

IC’

>>> C.D.__qgualname___
'C.D'

>>> C.D.meth._qualname_
'C.D.meth'

295 T 5 BT, 78 IR E & AR BN/ RIZBR I AR5 B B B A, Hh e S A )
AL, Ul email .mime.text:

>>> import email .mime.text
>>> email.mime.text. name_
'email.mime.text'
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reference count -- SIS XFFE XS 05 ] SR . S4— X %E’J SIHTHR AR, 4B
WRER . 51 HITECH Python A% Pl 5 2 AT UL, {H'E 2 CPython S —ASXHEICER . sys
BiE LT —A> getrefcount () BEL, &7 03T B AR IR E X2 5 1L

regular package -- H L LG A package, IO EH—4 __init_ .py XM H .
%2 [ namespace package.

__slots__ — PGSR NTRRY I, i P 7 W SE ) JE PR S R R IR IR S B R A E . BRI R
WIGRGAT, EREMNGAFAES, Sl ARETEDER T R, BIIARFE N A7 B 2
Ji, o HHE AP S R E S,

sequence -- )35l —Firerable, '©SCHFEIE _ getitem () FRERN ORMTN BRI TR A TR
Yil), @ LT —REFIKER __len_ () ﬁ{i WERFHIRAA 1ist, str, tuple

M bytes. HEER dict B3HF_ getitem () M __len_ (O, (HEMINNE T WS MIEFE
H A e A R P AT B immutable BT ARRE%R

collections.abc.Sequence IR ELEN T —ANEEERZED, BHEET __getitem_ ()
Hl__len_ (), ¥SHNT count (), index(),_ contains__ () Ml __reversed_ () . A[DAfH
 register () BATFMELIILY B DR ZEEL.

single dispatch -- Ji53Jk —Fhgeneric funcrion 73JRIEZ, HELHLEET RS EWRADREED .

slice -- YI | i H HALE T HFEsequence B—30x 5 . VI J&@ 8 FArdric kel di, 78 11
?ﬁtﬂfb/l;b‘/{ 5 0 W, Wit variable_name[1:3:51. H3E5 (Fhn) Fricde R
slice W&,

special method -- 1§54 Jjiki —#i i Python iR M A3k, RXIIEASEBIATRE & B A1 B A At i 45
5o RXFPIIRI TR E AT I R IAR SCRZ WL specialnames.,

statement -- {54y EAERETE (— MUY CH) AR, — B R A] DR A expression SN
HRBFIEEH, G0 if. while 5 for,

text encoding -- SCARRS H T-KF Unicode P43 5 4 fith S 745 R () GmA 25 -

text file -- AR —FHREAS 525 str WG file object. 38— SCAS SCAF 52 B /& 7 6] — AN TH] ) 5
P BRI B Bl Ak Bllrext encoding . SCARSCAF B T35 PASCAES ("er 2k 'w') TTﬂ:E’JjCFF\
sys.stdin. sys.stdout VA io.StringIO HSEMI.
TS Fbinary file T fREEVS IS F 9 £ 3T 2 WU S .

triple-quoted string -- 55 fR B R&AW =ANESNES (7) SERG1S () WERFE. BATHED
e LS5 E RS H I SRR A AR R, [HEa2Z2fMHL. BN REFA RN
FARGEE RS S ARG S, I B0l AESERZ A7 1M o/ 0 AT, TR0 S SCRY A4 5 IR il
Ho

type -- J% SKAUYLE—A> Python X[ )& TAHAMIE; WK EEA M. BHEXTRZEEL, 7]
PAVTRI'E ) __class__ J@Pk, di2ilid type (obj) RIKHL.

type alias -- RBN 4 — NI [E SO, A7 R R BURE 555 2 AR AT o

KRB BRI R A X 2w . Biln:

from typing import List, Tuple

def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuplel[int, int, int]]:
pass

AT DA S R AT s

from typing import List, Tuple
Color = Tuple[int, int, int]

def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass
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ZIL typing fll PEP 484, H At eI RERYHEAR 4 o
type hint -- XMUPER annoration Hy7Ae k. KIEIE. PREAAYIE S SR BIEHE E UMY AL,

SRR T AT, Python RIERAEAL, LTS A IS0 TEAR AR, 317 ) IDE 550
A4 TR

AR, RIEMEREE AR A typing.get_type_hints () KiiH, (HEHAE
B ARA DA,

Z W, typing Hl PEP 484 HAA%f I Ih BER 4R o

universal newlines -- W7 —FR ORI, KA T IFE TSR AN T4 RS« Unix (947
FZERAE "\n' . Windows 25 '\r\n"' DL IHIR Macintosh fZY%E '\r'., &I, PEP 278 il PEP
3116 fil bytes.splitlines () JfE¥ £ HEULHH.

variable annotation -- 28 Hibi: XA & B2 B MW annotation

TERREAT RN, 8 ] e

class C:
field: 'annotation'

AR AR RO R A 0 BINDA R AZ B2 int JRAURO(E:

count: int = 0

AR AR AR FRANMRRE UL annassign —77 .
1525 function annotation, PEP 484 11 PEP 526, X} b T 68 HEA0HiiR .

virtual environment -- JELIASE — R PMESRE B RO TITPREE, FuiF Python I IR HIAR P e 44
FIFHL Python 43 B ALK A £ T35 [l — R4 iz 7y HAth Python [ FHFEF 94T H -
F1Z N, venv,

virtual machine -- JEfIBL — & 58 4 i B4 LT 5L, Python KDL AT $AH T 715 i G 12644 JT A
Hbytecode.

Zen of Python -- Python 2 71:l: Python iP5, A )T SRR 0 IS FhiA S . #7 H A
P IR TR AR A" Lmport this”,
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APPENDIX B

i AA

TXEESCRYAE Y [ reStructured Text Ji3CRY, i Sphinx  (—A4N% 14 Python SCRY S SCRYAE e ) A% .
ASSCRYFIE B ) TR I %58 42 R S8 Y, XA Python A5 —#E. QREMS 5Dk, Y
L reporting-bugs T FEANT S o FRATT Bl B 0 1 !
SRV

* Fred L. Drake, Jr., @& 1 A58 Python SURYi) THAE, PAKIRT TAEH 2 /301

e Docutils #40, W H , Al T reStructuredText A Z A Docutils #4245

e Fredrik Lundh, Sphinx MAilif#] Alternative Python Reference 5 H H kA5 T 1R 2 4 AU ARE:

B.1 Python T8y Rk

1% Python i 75, Python FHEFER Python SCRYFT kI A, B Python J5 L & 77 ff) Misc/ACKS ¢
P T #5) TR <
T Python XAy AFITTHR, Python /4 T ALt (o F0 SCRY - HHEHRAT!
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appeENDIX C

7 S F0iFATE

C.1 ZHHFrIm s

Python Hfif 22 $E M EAHLR 58244 (CWI, i, https://www.cwi.nl/ ) [#J Guido van Rossum - 1990 4f
KW, YER—T 1M ABC G & R . 48 Python 405 T2 ok B HA A 5Tk, Guido {752
HEZEE.

1995 4, Guido ¥& #:25 e W B E KB wFsE 2 7 (CNRI, I https://www.cnri.reston.va.us/ ) k%2 fhyE
Python b1 TAE, FHHEARHE LA T2 A

2000 4E 1. H , Guido A1 Python #%.0>J & ] A %% %] BeOpen.com {2 ## T BeOpen PythonLabs [#{BA . [A]4F
+ A, PythonLabs [#] pA\ %% | Digital Creations (¥{ >}y Zope Corporation; [, https://www.zope.org/), 2001 4|
Python # {34 2% (PSF, Ul https://www.python.org/psf/) B, % &% R34 Python AH & H1TH AT
Az dEE FlZH4E . Zope Corporation FFE 2 PSF Rl L5

A 1 Python HUAHRIETFIRRY (A KITYRAY E L2 https://opensource.org/ ) Pt b, #iKZ %L Python
JiiAJE GPL 31 TREL TR MRAE I

RWAE | BB Fh mEE GPL %% 7
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF =
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2
22 GEE | 201 2001 %4 | PSF =y

{Efit: GPL A A EWRE Python #£ GPL R &1 . 5 GPL AJA|, Frf Python ¥ nJEAR SRR A4 K AG R
JaBIIAS, T TR IR T R . GPL )V n]E 45 Python W PAS H B e GPL R A& ff YAk 45
EER; B HENATT.
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AR ZAE Guido 153 T TARRISNIEIERE , (XL A N AT RE .

C.2 FRERS( LAH &M Python B)RmF0F M

C.2.1 FHF PYTHON 3.7.7 #§ PSF e Hpi¥

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.7.7 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 3.7.7 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2020 Python Software Foundation; All_
—Rights

Reserved" are retained in Python 3.7.7 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 3.7.7 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
3.7.7.

4. PSF is making Python 3.7.7 available to Licensee on an "AS IS" basis.

PSEF 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 3.7.7 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.7.7

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—~RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.7.7, 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.
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7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. .
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.7.7, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 fj BEOPEN.COM #F &Il

BEOPEN PYTHON JF5 1] PS5 1 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.
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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 THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.
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C.2.4 FF PYTHON 0.9.0 = 1.2 f§ CWI i a]H#iY

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.3 #WMFR B fFa9F ok S5
A& Python KATHR AR5 = BPEROVE T RIBOHIFIAL, Gl ML A5 8 LR IR K

C.3.1 Mersenne Twister

_random BHEE E T hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html | 25 /)
g, PR 2RISR (FF):

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. IN NO EVENT SHALL THE COPYRIGHT OWNER OR

QS
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CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C3.2 EEx

socket B (i ] getaddrinfo () fl getnameinfo () pREL, X8R EE IS FE WIDE I H
[Iwww.wide.ad.jp/) FEARMIE SO,

(http:

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
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.

C33 RLEEFRS

asynchat and asyncore B 5 PAR AR HH:

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

(FIHED
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notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 Cookie &1

http.cookies Hidhal& DL RS H:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

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 B PA T EH:

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.
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Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode 5 UUdecode F#

uu AEHAL S DA A A

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 & 2= H

xmlrpc.client FEHVELSPAR ARH:

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

(CFgkzs)
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all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll fHREL S DA ER:

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 T kqueue [FHZ AL AR A= H:

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
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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.3.10 SipHash24

Python/pyhash.c {42 Marek Majkowski’ %f Dan Bernstein [} SipHash24 Z¥EMSEH . BESGPAT
==
7

<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/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod and dtoa

Python/dtoa.c XML T CIEFRY dtoa Fl strtod BEEL, F T C 1B T BN BB F 45 52 B4 T 4640,
Z 4 i David M. Gay 1 [R] 24 SCHEIRAET S, 2411 R M http://www.netlib.org/fp/ F#k. 2009 43 A 16 H
For 2R B 1Y 1 SO 2 AR SURCRITAF W] e B

/*********************~k****k*******~k******************************

*

* The author of this software is David M. Gay.

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

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.

% ok X % X

*

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED

(CFgkzs)
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* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

‘k*****‘k**‘k********‘k*****‘k*‘k***‘k****'k‘k*‘k************************/

C.3.12 OpenSSL

WEARBAERG T, W hashlib, posix, ssl, crypt B} OpenSSL k4 = ERE. MAh, EHT
Python [¥J Windows Fl Mac OS X %225 #%2)5 7] g fu3E OpenSSL PR #5 D1, BT AZE AL HF] ) T OpenSSL 1
ATUER$E 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/)"

L S S R S S N S N S S S S N S N S . S T iR S I

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
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Lo I A T I S S N S

EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

L T R A N S S R N S SR R R S N I R R e S S N S N S N S T S N

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.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.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

Q)
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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.]
/

L T S I R R e T

C.3.13 expat

BRAEGEN ——with-system—expat BB THE, T pyexpat § AR M5 expat YR DAY

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

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

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

C.3.14 libffi

BRAEBEN ——with-system-1ibffi NUE THH, B _ctypes ¥ AR5 Libffi JAHE DM T

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"'Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

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

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

C.3.15 zlib

R ARG EARBIRY 21ib BARIHTEik TR, W a5 zlib JEACH 8 DR 211 3

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

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

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

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

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

C.3.16 cfuhash

tracemalloc {ifi M7 I SEILE T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code 1is 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

CNgkzs)
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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

AR ——with-system-libmpdec [l & T/, B _decimal WiHHSE 415 libmpdec 1) #%
DURA R

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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Copyright

Python 53 SCHY:

Copyright © 2001-2020 Python Software Foundation. {48 TG+ H]

HRALEA © 2000 BeOpen.com. 1% 8 Fira AR,

AL © 1995-2000 Corporation for National Research Initiatives., {585 BTG AU .
WAL © 1991-1995 Stichting Mathematisch Centrum., {483 BTG AU

A RFEBEVFAIERFEE, S0 0 L AeFTiE,
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..., 179

2to03,179

>>> 179

__all__ (package variable), 39
_ dict__ (module attribute), 112
__doc__ (module attribute), 111

_ file_  (module attribute), 111, 112
_ future_ , 182
__import_

[EE & %, 39
_ loader__ (module attribute), 111
__main___

e, 11, 130, 138

__ name___ (module attribute), 111, 112
__package__ (module attribute), 111
_ slots_ , 188
_frozen (C%£#), 41
_inittab (C £7A),42
_Py_c_diff (C FH#), 78
_Py_c_neg (C FH#), 79
_Py_c_pow (C FH %), 79
_Py_c_prod (C &), 79
_Py_c_quot (C &), 79
_Py_c_sum (C FH#), 78
_Py_NoneStruct (C % &), 153
_PyBytes_Resize (C &%), 81
_PyCFunctionFast (C £®&), 155
_PyCFunctionFastWithKeywords (C % #),
155

_PyImport_Fini (C &), 41
_PyImport_Init (C &), 41
_PyObject_GC_TRACK (C &%), 175
_PyObject_GC_UNTRACK (C FH#k), 175
_PyObject_New (C &4%), 153
_PyObject_NewVar (C &%), 153
_PyTuple_Resize (C &), 101
_thread

R, 135
T

exec_prefix, 4

PATH, 11

prefix, 4

PYTHON*, 128

PYTHONDEBUG, 128
PYTHONDONTWRITEBYTECODE, 128
PYTHONDUMPREF'S, 159
PYTHONHASHSEED, 128
PYTHONHOME, 11, 128, 133
PYTHONINSPECT, 129
PYTHONIOENCODING, 130
PYTHONLEGACYWINDOWSFSENCODING, 129
PYTHONLEGACYWINDOWSSTDIO, 129
PYTHONMALLOC, 146, 149, 150
PYTHONMALLOCSTATS, 146
PYTHONNOUSERSITE, 129
PYTHONOPTIMIZE, 129
PYTHONPATH, 11, 128
PYTHONUNBUFFERED, 129
PYTHONVERBOSE, 129

A

abort (), 38
abs
[FIE & %, 60
abstract base class —- #ZHE%, 179
annotation -- AFy, 179
argument -- H#, 179
argv (in module sys), 132

ascii
[EE & %, 57
asynchronous context manager -—-— 7 */F
ETFXEHEE, 180
asynchronous generator —-- & ¥ 4 ik &,
180
asynchronous generator iterator -- =

I Ak % R, 180
asynchronous iterable —-- & ¥ 7 # & x

%, 180
asynchronous iterator —— ®F¥ %R, 180
attribute —-- &, 180
awaitable -- HZfEx%, 180
B
BDFL, 180
binary file —— 34| CH, 180

buffer interface
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(see buffer protocol), 65
buffer object
(see buffer protocol), 65
buffer protocol, 65
builtins
e, 11, 130, 138
bytearray
X%, 81
bytecode -- F ¥, 180
bytes
EE &%, 57
£, 80
bytes-like object —-- F¥ £xt%£, 180

C

calloc (), 145
Capsule

T4, 120
C-contiguous, 68, 181
class —— 2,180
class variable —— %% &, 180
classmethod

B & %, 156
cleanup functions, 38
close () (in module os), 139
CO_FUTURE_DIVISION (C % &), 19
code object, 110
coercion —- R KA i, 180
compile

[EE & %, 40
complex number

xR, 78
complex number —— £ #t,181
context manager —- L+ N X 181
context variable —- X% &, 181
contiguous, 68
contiguous —- %%z, 181
copyright (in module sys), 132
coroutine -- P, 181
coroutine function -- 2% %, 181
CPython, 181
create_module (C H), 114

D
decorator -- % 181
descriptor —— i, 181
dictionary

T4, 104
dictionary —-- 4,181
dictionary view —— FHAE, 181
divmod

[F1E & %, 60

docstring -- XA FAFH#, 181
duck-typing -- ®F KA, 181

E

EAFP, 182
EOFError (built-in exception), 111

exc_info () (in module sys), 9
exec_module (C &%), 115
exec_prefix, 4

executable (in module sys), 131

exit (), 38

expression —-- Rk R, 182
extension module -- ¥ B, 182

F
f-string —-- f-F{E,182
file
&£, 111
file object —- XfFEXt%£,182
file-like object —-- XHE3t4, 182
finder —— #H#H &, 182
float
| & &%, 62
floating point
R, 78
floor division -- i FEER %, 182
Fortran contiguous, 68, 181
free (), 145
freeze utility, 4l
frozenset
T4, 106
function
T4, 108
function —— F#, 182
function annotation -- E#AriE, 182

G

garbage collection —- Xr3%k [ g, 182
generator, 182

generator —-— A4 & &, 182

generator expression, 183

generator expression —- 4 i 8 X &%k =&,
183

generator iterator —-- 4R &% RE, 183

generic function -- & A& F#, 183

GIL, 183

global interpreter lock, 133

global interpreter lock —— 4 & @ B &
4, 183

F{

hash

[EE & %, 58, 162
hash-based pyc ——- Z£F%BHH pyc, 183
hashable -—- TH ¥, 183

IDLE, 183

immutable —-- A H 7, 183
import path -- B A\ E1Z, 183
importer ——- B A#, 183
importing —— %A, 183
incr_item(),9, 10

inquiry (C £#&), 176
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instancemethod

£, 109
[EE %%, 62

integer
Xt 4,75
interactive ——- X &, 183
interpreted —-- fMER, 184
interpreter lock, 133
interpreter shutdown —-- fF & x [, 184
iterable —- H# R4, 184
iterator —- # R %, 184

K

key function -- %%, 184
KeyboardInterrupt (built-in exception), 28
keyword argument -- X% F 5%, 184

L

lambda, 184
LBYL, 184
len

int

[EIE % %, 59, 62, 64, 103, 105, 107
list
4,103
list —— %%k, 184
list comprehension —- 7%|%k# 5=, 184
loader —-— n# #, 185
lock, interpreter, 133
long integer
4,75

LONG_MAX, 76

M
magic

method, 185
magic method -- JEARF %, 185
main (), 130132
malloc (), 145
mapping

T4, 104
mapping —— BEAt, 185
memoryview

4,119
meta path finder -- TLERZETHE, 185
metaclass —-- T, 185
METH_CLASS ([F1& % ), 156
METH_COEXIST (1% % %), 156
METH_FASTCALL (B % %), 155
METH_NOARGS ([F& % ), 156
METH_O (H & % &), 156
METH_STATIC (% %), 156
METH_VARARGS (% % %), 155
method

magic, 185

special, 188

Xt %, 109

method resolution order —— % 3% # 7
J7,185

method F¥#, 185
MethodType (in module types), 108, 109
module

search path, 11, 130132

T4, 111
module spec —— A, 185
module Ak, 185
modules (in module sys), 39, 130
ModuleType (in module types), 111
MRO, 185
mutable —- TH 7, 185

N

named tuple —- B 414,185
namespace —— w4 %4, 185
namespace package -- #4& % H4, 185
nested scope —- ﬁ%ﬁffﬂﬁﬁ, 186
new-style class -- ¥z, 186

None

X%, 74

numeric

&£, 75
@)

object
code, 110
object —— *t#%,186
OverflowError (built-in exception), 76, 77

P

package -- 4,186
package variable

_all_ ,39
parameter —-- %, 186
PATH, 11

path
module search, 11, 130132
path (in module sys), 11, 130132
path based finder —- 2 T B A W & £ &,
186
path entry —- BE#&AH, 186
path entry finder —-- BN D EEE, 186
path entry hook -- BK#& AN H4F, 186

path-like object —- BRAZEX 4,186
PEP, 187
platform (in module sys), 132
portion —-- ¥4, 187
positional argument —- L% %, 187
pow

[E1% & %L, 60, 61
prefix, 4
provisional API -- # % API, 187
provisional package -- % FA4, 187

Py_ABS (C %), 4
Py_AddPendingCall (C &%), 139
Py_AddPendingCall (), 139

gL ]
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Py_AtExit (C H#%), 38
Py_BEGIN_ALLOW_THREADS, 134
Py_BEGIN_ALLOW_THREADS (C '}f:), 137
Py_BLOCK_THREADS (C ‘%), 137
Py_buffer (C £A), 66
Py_buffer.buf (C & ), 66
Py_buffer.format (C 5 R ), 66
Py_buffer.internal (C & i), 67

Py _buffer.itemsize (C 5 i), 66

Py _buffer.len (C MR ), 66
Py_buffer.ndim (C & i), 67
Py_buffer.obj (C & ), 66
Py_buffer.readonly (C 5 R ), 66
Py_buffer.shape (C & i), 67
Py_buffer.strides (C A& i), 67
Py_buffer.suboffsets (C & i), 67
Py_Buildvalue (C FH4%), 48
Py_BytesWarningFlag (C & &), 128
Py_CHARMASK (C %), 4

Py_CLEAR (C &%), 21
Py_CompileString (C &%), 17
Py_CompileString(), I8
Py_CompileStringExFlags (C #4%), 18
Py_CompileStringFlags (C &%), 17
Py_CompileStringObject (C Hk), 18
Py_complex (C (7)), 78
Py_DebugFlag (C T &), 128
Py_DecodeLocale (C &%), 36
Py_DECREF (C &%), 21

Py_DECREF (), 6

Py _DontWriteBytecodeFlag (C %), 128
Py_Ellipsis (C %), 119
Py_EncodeLocale (C &%), 36
Py_END_ALLOW_THREADS, 134
Py_END_ALLOW_THREADS (C Z), 137
Py_EndInterpreter (C &#), 139
Py_EnterRecursiveCall (C &), 31
Py_eval_input (C &), 18

Py_Exit (C xiliél) 38

Py_False (C % &),77
Py_FatalError (C $H4%), 38
Py_FatalError (), 132
Py_FdIsInteractive (C &%), 35
Py_file_input (C % %), 18
Py_Finalize (C &), 130
Py_FinalizeEx (C &%), 130
Py_FinalizeEx (), 38, 130, 138, 139
Py_FrozenFlag (C & ¥), 128
Py_GetBuildInfo (Cfﬁx %), 132
Py_GetCompiler (C H#%), 132
Py_GetCopyright (C:L £, 132
Py_GETENV (C %), 4
Py_GetExecPrefix (C FH#k), 131
Py_GetExecPrefix (), 11
Py_GetPath (C H%k), 131
Py_GetPath (), 11,131,132
Py_GetPlatform (C k), 132
Py_GetPrefix (C &), 131

Py_GetPrefix (), 11

Py_GetProgramFullPath (C &%), 131

Py_GetProgramFullPath (), 11

Py_GetProgramName (C &%), 131

Py_GetPythonHome (C $##%), 133

Py_GetVersion (C &), 132

Py_HashRandomizationFlag (C &%), 128

Py_IgnoreEnvironmentFlag (C & &), 128

Py_INCREF (C &%), 21

Py_INCREF (), 6

Py_Initialize (C &%), 130

Py_Initialize (), 11,130,131, 138

Py_InitializeEx (C #%), 130

Py_InspectFlag (C £ %), 128

Py_InteractiveFlag (C &%), 129

Py_IsInitialized (C &%), 130

Py_TIsInitialized(), 1l

Py_IsolatedFlag (C £ %), 129

Py_LeaveRecursiveCall (C &%), 31

Py_LegacyWindowsFSEncodingFlag (C & %),
129

Py_LegacyWindowsStdioFlag (C & &), 129

Py_Main (C %), 15

Py_MAX (C %), 4

Py_MEMBER_SIZE (C %), 4

Py_MIN (C %), 4

Py_mod_create (C & T&), 114

Py_mod_exec (C L&), 115

Py_NewInterpreter (C %%%), 138

Py_None (C &%), 74

Py_NoSiteFlag (C % &), 129

Py_NotImplemented (C & &), 55

Py_NoUserSiteDirectory (C % ), 129

Py_OptimizeFlag (C & ¥), 129

Py_PRINT_RAW, lll

Py_QuietFlag (C T &), 129

Py_REFCNT (C %), 154

Py_ReprEnter (C &%), 31

Py_ReprLeave (C H%k), 31

Py_RETURN_FALSE (C %), 77

Py_RETURN_NONE (C %), 74

Py_RETURN_NOTIMPLEMENTED (C %), 55

Py_RETURN_RICHCOMPARE (C & #k), 166

Py_RETURN_TRUE (C %), 77

Py_SetPath (C &), 132

Py_SetPath (), 131

Py_SetProgramName (C F#k), 131

Py_SetProgramName (), 11, 130, 131

Py_SetPythonHome (C F4%), 133

Py_SetStandardStreamEncoding (C & #%),
130

Py_single_input (C & &), 18

Py_SIZE (C %), 154

PY_SSIZE_T_MAX, 76

Py_STRINGIFY (C %), 4

Py_TPFLAGS_BASE_EXC_SUBCLASS (& & %),
164

Py_TPFLAGS_BASETYPE (FJE % ), 163
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Py_TPFLAGS_BYTES_SUBCLASS (BB % &), 163
Py_TPFLAGS_DEFAULT (F]& % £), 163
Py_TPFLAGS_DICT_SUBCLASS (E1% % %), 164
Py_TPFLAGS_HAVE_FINALIZE (F1E % %), 164
Py_TPFLAGS_HAVE_GC (E]E % 8), 163
Py_TPFLAGS_HEAPTYPE (BJE % &), 163
Py_TPFLAGS_LIST_SUBCLASS (1% T &), 163
Py_TPFLAGS_LONG_SUBCLASS (1 & &%), 163
Py_TPFLAGS_READY ([E] ¥ % &), 163
Py_TPFLAGS_READYING (] % ), 163
Py_TPFLAGS_TUPLE_SUBCLASS (E1& % ¥), 163
Py_TPFLAGS_TYPE_SUBCLASS (EI®E % %), 164
Py_TPFLAGS_UNICODE_SUBCLASS ([ & & %),
164
Py_tracefunc (C £#), 140
Py_True (CE %), 77
Py_tss_NEEDS_INIT (C %), 142
Py_tss_t (C£A), 142
Py_TYPE (C %), 154
Py_UCS1 (C £7#), 83
Py_UCS2 (C £7), 83
Py_UCS4 (C £7), 83
Py_UNBLOCK_THREADS (C %), 137
Py_UnbufferedStdioFlag (C L&), 129
Py_UNICODE (C £78), 83
Py_UNICODE_IS_HIGH_SURROGATE (C %), 86
Py_UNICODE_IS_LOW_SURROGATE (C %), 86
Py_UNICODE_IS_SURROGATE (C %), 86
Py_UNICODE_ISALNUM (C &%), 85
Py_UNICODE_ISALPHA (C &%), 85
Py_UNICODE_ISDECIMAL (C &%), 85
Py_UNICODE_ISDIGIT (C #4%), 85
Py_UNICODE_ISLINEBREAK (C F#%), 85
Py_UNICODE_ISLOWER (C &%), 85
Py_UNICODE_ISNUMERIC (C F&3%k), 85
Py_UNICODE_ISPRINTABLE (C &%), 85
Py_UNICODE_ISSPACE (C &4%), 85
Py_UNICODE_ISTITLE (C $#4%), 85
Py_UNICODE_ISUPPER (C %Y%), 85
Py_UNICODE_JOIN_SURROGATES (C %), 86
Py_UNICODE_TODECIMAL (C k), 86
Py_UNICODE_TODIGIT (C F#%), 86
Py_UNICODE_TOLOWER (C #4%), 85
Py_UNICODE_TONUMERIC (C F4%), 86
Py_UNICODE_TOTITLE (C &%), 85
Py_UNICODE_TOUPPER (C &%), 85
Py_UNREACHABLE (C %), 4
Py_UNUSED (C %), 5
Py_VaBuildvalue (C &%), 49
Py_VerboseFlag (C £ &), 129
Py_VISIT (C &%%), 176
Py_XDECREF (C &%), 21
Py_XDECREF (), 10
Py_XINCREF (C &%), 21
PyAnySet_Check (C F#k), 107
PyAnySet_CheckExact (C &%), 107
PyArg_Parse (C &%), 47
PyArg_ParseTuple (C &%), 47

PyArg_ParseTupleAndKeywords (C H#%), 47
PyArg_UnpackTuple (C &%%), 47
PyArg_ValidateKeywordArguments (C &%),
47
PyArg_VaParse (C #4%), 47
PyArg_VaParseTupleAndKeywords (C & %),
47
PyASCIIObject (C %), 83
PyAsyncMethods (C £#), 174
PyAsyncMethods.am_aiter (C &), 174
PyAsyncMethods.am_anext (C & i), 174
PyAsyncMethods.am_await (C /& i), 174
PyBool_Check (C ##%), 77
PyBool_FromLong (C &%), 77
PyBUF_ANY_CONTIGUOUS (C %), 68
PyBUF_C_CONTIGUOUS (C %), 68
PyBUF_CONTIG (C %), 69
PyBUF_CONTIG_RO (C &), 69
PyBUF_F_CONTIGUOUS (C %), 68
PyBUF_FORMAT (C %), 68
PyBUF_FULL (C &), 69
PyBUF_FULL_RO (C %), 69
PyBUF_INDIRECT (C %), 68
PyBUF_ND (C %), 68
PyBUF_RECORDS (C &), 69
PyBUF_RECORDS_RO (C %), 69
PyBUF_SIMPLE (C %), 68
PyBUF_STRIDED (C %), 69
PyBUF_STRIDED_RO (C %), 69
PyBUF_STRIDES (C %), 68
PyBUF_WRITABLE (C %), 68
PyBuffer_FillContiguousStrides (C k),
71
PyBuffer_FillInfo (C %%%), 71
PyBuffer_FromContiguous (C &), 71
PyBuffer_GetPointer (C &%), 71
PyBuffer_IsContiguous (C k), 71
PyBuffer_Release (C FH4%), 70
PyBuffer_SizeFromFormat (C #%k), 71
PyBuffer_ToContiguous (C ¥%#%), 71
PyBufferProcs, 65
PyBufferProcs (C £#), 173
PyBufferProcs.bf_getbuffer (C & i), 173
PyBufferProcs.bf_releasebuffer (C i i),
174
PyByteArray_AS_STRING (C &%), 82
PyByteArray_AsString (C &%), 82
PyByteArray_Check (C &%), 82
PyByteArray_CheckExact (C &%), 82
PyByteArray_Concat (C F#%), 82
PyByteArray_FromObject (C &%), 82
PyByteArray_ FromStringAndSize (C & %),
82
PyByteArray_GET_SIZE (C FHk), 82
PyByteArray_Resize (C &%), 82
PyByteArray_Size (C &), 82
PyByteArray_Type (C T &), 81
PyByteArrayObject (C &%), 81
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PyBytes_AS_STRING (C ), 81
PyBytes_AsString (C &%), 81
PyBytes_AsStringAndSize (C &), 81
PyBytes_Check (C &), 80
PyBytes_CheckExact (C F#), 80
PyBytes_Concat (C &%), 81
PyBytes_ConcatAndDel (C k), 81
PyBytes_FromFormat (C &%), 80
PyBytes_FromFormatV (C &%), 80
PyBytes_FromObject (C &%), 80
PyBytes_FromString (C &%), 80
PyBytes_FromStringAndSize (C k), 80
PyBytes_GET_SIZE (C &%), 81
PyBytes_Size (C &%), 80
PyBytes_Type (C T &), 80
PyBytesObject (C £A), 80
PyCallable_Check (C H4%), 57
PyCallIter_Check (C &%), 117
PyCalllter_New (C F#g), 117
PyCalllter_Type (C LT %), 117
PyCapsule (C £#&), 120
PyCapsule_CheckExact (C &%), 120
PyCapsule_Destructor (C £#&), 120
PyCapsule_GetContext (C &%), 121
PyCapsule_GetDestructor (C &%), 121
PyCapsule_GetName (C &%), 121
PyCapsule_GetPointer (C &), 121
PyCapsule_Import (C &%), 121
PyCapsule_IsValid (C &), 121
PyCapsule_New (C &%), 120
PyCapsule_SetContext (C &), 121
PyCapsule_SetDestructor (C &H#), 121
PyCapsule_SetName (C &%), 121
PyCapsule_SetPointer (C &%), 122
PyCell_Check (C &%), 110
PyCell_GET (C &%), 110
PyCell_Get (C H#k), 110
PyCell_New (C FH4%), 110
PyCell_SET (C &), 110
PyCell_Set (C &%), 110
PyCell_Type (C L&), 110
PyCellObject (C £#), 110
PyCFunction (C £#&), 155
PyCFunctionWithKeywords (C £#), 155
PyCode_Check (C &), 110
PyCode_GetNumFree (C &%), 110
PyCode_New (C &4%), 110
PyCode_NewEmpty (C & 4%), 110
PyCode_Type (C £ &), 110
PyCodec_BackslashReplaceErrors (C &%),
52
PyCodec_Decode (C &), 51
PyCodec_Decoder (C &%), 52
PyCodec_Encode (C &%), 51
PyCodec_Encoder (C H#), 52
PyCodec_IgnoreErrors (C %%%), 52
PyCodec_IncrementalDecoder (C FH#k), 52
PyCodec_IncrementalEncoder (C &%), 52

PyCodec_KnownEncoding (C &%), 51
PyCodec_LookupError (C &%), 52
PyCodec_NameReplaceErrors (C &#), 52
PyCodec_Register (C &), 51
PyCodec_RegisterError (C FH4%), 52
PyCodec_ReplaceErrors (C &#), 52
PyCodec_StreamReader (C k), 52
PyCodec_StreamWriter (C &), 52
PyCodec_StrictErrors (C &%), 52
PyCodec_XMLCharRefReplaceErrors (C &
#0), 52
PyCodeObject (C (7)), 110
PyCompactUnicodeObject (C %), 83
PyCompilerFlags (C %), 19
PyComplex_AsCComplex (C %), 79
PyComplex_Check (C % %%), 79
PyComplex_CheckExact (C #4%), 79
PyComplex_FromCComplex (C F#), 79
PyComplex_FromDoubles (C %), 79
PyComplex_ImagAsDouble (C k), 79
PyComplex_RealAsDouble (C &%), 79
PyComplex_Type (C T &), 79
PyComplexObject (C (), 79
PyContext (C £7), 123
PyContext_CheckExact (C &%), 123
PyContext_ClearFreeList (C &%), 123
PyContext_Copy (C FH k), 123
PyContext_CopyCurrent (C F#), 123
PyContext_Enter (C Hk), 123
PyContext_Exit (C Fk), 123
PyContext_New (C &%), 123
PyContext_Type (C &%), 123
PyContextToken (C %), 123
PyContextToken_CheckExact (C H#), 123
PyContextToken_Type (C & &), 123
PyContextVar (C £#), 123
PyContextVar_CheckExact (C F#k), 123
PyContextVar_Get (C ), 124
PyContextVar_New (C F#), 124
PyContextVar_Reset (C &%), 124
PyContextVar_Set (C &%), 124
PyContextVar_Type (C £ &), 123
PyCoro_CheckExact (C &), 122
PyCoro_New (C FH %), 122
PyCoro_Type (C L&), 122
PyCoroObject (C £ M), 122
PyDate_Check (C &%), 124
PyDate_CheckExact (C &), 124
PyDate_FromDate (C &%), 125
PyDate_FromTimestamp (C &#k), 126
PyDateTime_Check (C %), 124
PyDateTime_CheckExact (C k), 124
PyDateTime_DATE_GET_HOUR (C & #%), 126
PyDateTime_DATE_GET_MICROSECOND (C &
%), 126
PyDateTime_DATE_GET_MINUTE (C %), 126
PyDateTime_DATE_GET_SECOND (C & 4%), 126
PyDateTime_DELTA_GET_DAYS (C &), 126
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PyDateTime_DELTA_GET_MICROSECONDS (C &

#0), 126
PyDateTime_DELTA_GET_SECONDS (C & %),
126

PyDateTime_FromDateAndTime (C &%), 125
PyDateTime_FromDateAndTimeAndFold (C &
£), 125
PyDateTime_FromTimestamp (C FH#%), 126
PyDateTime_GET_DAY (C &%), 125
PyDateTime GET_MONTH (C &%), 125
PyDateTime_GET_YEAR (C k), 125
PyDateTime_TIME_GET_HOUR (C H#k), 126
PyDateTime_TIME_GET_MICROSECOND (C &
#), 126
PyDateTime_ TIME_GET_MINUTE (C #%%), 126
PyDateTime_TIME_GET_SECOND (C & #%), 126
PyDateTime_TimeZone_UTC (C &%), 124
PyDelta_Check (C F%k), 124
PyDelta_CheckExact (C &), 125
PyDelta_FromDSU (C #4%), 125
PyDescr_IsData (C &%), 117
PyDescr_NewClassMethod (C &), 117
PyDescr_NewGetSet (C H4%), 117
PyDescr_NewMember (C &#), 117
PyDescr_NewMethod (C &%), 117
PyDescr_NewWrapper (C &), 117
PyDict_Check (C H4%), 104
PyDict_CheckExact (C &%), 104
PyDict_Clear (C &%), 104
PyDict_ClearFreeList (C k), 106
PyDict_Contains (C &), 104
PyDict_Copy (C &), 104
PyDict_DelItem (C k), 105
PyDict_DelItemString (C &%), 105
PyDict_GetTItem (C FH%), 105
PyDict_GetItemString (C &%), 105
PyDict_GetItemWithError (C &%), 105
PyDict_TItems (C FH4%), 105
PyDict_Keys (C FH%k), 105
PyDict_Merge (C &%), 106
PyDict_MergeFromSeq2 (C F3%), 106
PyDict_New (C ), 104
PyDict_Next (C &%), 105
PyDict_SetDefault (C &), 105
PyDict_SetItem (C k), 104
PyDict_SetItemString (C &%), 104
PyDict_Size (C &), 105
PyDict_Type (C &), 104
PyDict_Update (C F#4%), 106
PyDict_values (C F&#), 105
PyDictObject (C £#&), 104
PyDictProxy_New (C &%), 104
PyDoc_STR (C '), 5
PyDoc_STRVAR (C %), 5
PyErr_BadArgument (C F3%), 24
PyErr_BadInternalCall (C k), 26
PyErr_CheckSignals (C &%), 28
PyErr_Clear (C &%), 23

PyErr_Clear (), 9,10
PyErr_ExceptionMatches (C k), 27
PyErr_ExceptionMatches (), 10
PyErr_Fetch (C &%), 27
PyErr_Format (C %#), 24
PyErr_FormatV (C F#4%), 24
PyErr_GetExcInfo (C s#k), 28
PyErr_GivenExceptionMatches (C &%), 27
PyErr_NewException (C #4%), 29
PyErr_ NewExceptionWithDoc (C ##k), 29
PyErr_NoMemory (C &%), 24
PyErr_NormalizeException (C FHk), 28
PyErr_Occurred (C &%), 27
PyErr_Occurred(),9
PyErr_Print (C k), 24
PyErr_PrintEx (C H#4%), 23
PyErr_ResourceWarning (C &%), 27
PyErr_Restore (C ), 27
PyErr_SetExcFromWindowsErr (C &%), 25
PyErr_SetExcFromWindowsErrWithFilename
(C FH#), 25

PyErr_SetExcFromWindowsErrWithFilenameObject

(C &%), 25

PyErr_SetExcFromWindowsErrWithFilenameObjects

(C &%), 25
PyErr_SetExcInfo (C %), 28
PyErr_SetFromErrno (C FHi%), 24
PyErr_SetFromErrnoWithFilename (C % %),
25
PyErr_SetFromErrnoWithFilenameObject
(C &%), 24
PyErr_SetFromErrnoWithFilenameObjects
(C H£), 25
PyErr_SetFromWindowsErr (C &3), 25
PyErr_SetFromWindowsErrWithFilename (C
&0, 25
PyErr_SetImportError (C &), 25
PyErr_SetImportErrorSubclass (C FHik), 26
PyErr_SetInterrupt (C Hi), 28
PyErr_SetNone (C &%), 24
PyErr_SetObject (C &), 24
PyErr_SetString (C &%), 24
PyErr_SetString(),9
PyErr_SyntaxLocation (C k), 26
PyErr_SyntaxLocationEx (C F#f), 26
PyErr_SyntaxLocationObject (C &%), 25
PyErr_WarnEx (C F%), 26
PyErr_WarnExplicit (C FH#), 26
PyErr_WarnExplicitObject (C H4k), 26
PyErr_WarnFormat (C FH#%), 26
PyErr_WriteUnraisable (C k), 24
PyEval_AcquireLock (C FH#k), 138
PyEval_AcquireThread (C &%), 138
PyEval_AcquireThread(), 135
PyEval_EvalCode (C &%), 18
PyEval_EvalCodeEx (C &%%), 18
PyEval_EvalFrame (C &), 18
PyEval_EvalFrameEx (C &%), 18
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PyEval_GetBuiltins (C &%), 51
PyEval_GetFrame (C &%), 51
PyEval_GetFuncDesc (C H#%), 51
PyEval_GetFuncName (C ##%), 51
PyEval_GetGlobals (C &%), 51
PyEval_GetLocals (C #4%), 51
PyEval_InitThreads (C $H#k), 135
PyEval_InitThreads (), 130
PyEval_MergeCompilerFlags (C &%), 18
PyEval_ReInitThreads (C &%), 136
PyEval_ReleaseLock (C FH#%), 138
PyEval_ReleaseThread (C H#%), 138
PyEval_ReleaseThread (), 135
PyEval_RestoreThread (C FH%k), 136
PyEval_RestoreThread (), 134, 135
PyEval_SaveThread (C &#k), 135
PyEval_SaveThread(), 134, 135
PyEval_SetProfile (C &), 141
PyEval_SetTrace (C &%), 141
PyEval_ThreadsInitialized (C &%), 135
PyExc_ArithmeticError, 31
PyExc_AssertionError, 31
PyExc_AttributeError, 31
PyExc_BaseException, 31
PyExc_BlockingIOError, 31
PyExc_BrokenPipeError, 31
PyExc_BufferError, 31
PyExc_BytesWarning, 33
PyExc_ChildProcessError, 31
PyExc_ConnectionAbortedError, 31
PyExc_ConnectionError, 31
PyExc_ConnectionRefusedError, 31
PyExc_ConnectionResetError, 31
PyExc_DeprecationWarning, 33
PyExc_EnvironmentError, 32
PyExc_EOFError, 31
PyExc_Exception, 31
PyExc_FileExistsError, 31
PyExc_FileNotFoundError, 31
PyExc_FloatingPointError, 31
PyExc_FutureWarning, 33
PyExc_GeneratorExit, 31
PyExc_ImportError, 31
PyExc_ImportWarning, 33
PyExc_IndentationError, 31
PyExc_IndexError, 31
PyExc_InterruptedError, 31
PyExc_IOError, 32
PyExc_IsADirectoryError, 31
PyExc_KeyboardInterrupt, 31
PyExc_KeyError, 31
PyExc_LookupError, 31
PyExc_MemoryError, 31
PyExc_ModuleNotFoundError, 31
PyExc_NameError, 31
PyExc_NotADirectoryError, 31
PyExc_NotImplementedError, 31
PyExc_OSError, 31

PyExc_OverflowError, 31
PyExc_PendingDeprecationWarning, 33
PyExc_PermissionError, 31
PyExc_ProcessLookupError, 31
PyExc_RecursionError, 31
PyExc_ReferenceError, 31
PyExc_ResourceWarning, 33
PyExc_RuntimeError, 31
PyExc_RuntimeWarning, 33
PyExc_StopAsynclteration, 31
PyExc_StopIteration, 31
PyExc_SyntaxError, 31
PyExc_SyntaxWarning, 33
PyExc_SystemError, 31
PyExc_SystemExit, 31
PyExc_TabError, 31
PyExc_TimeoutError, 31
PyExc_TypeError, 31
PyExc_UnboundLocalError, 31
PyExc_UnicodeDecodeError, 31
PyExc_UnicodeEncodeError, 31
PyExc_UnicodeError, 31
PyExc_UnicodeTranslateError, 31
PyExc_UnicodeWarning, 33
PyExc_UserWarning, 33
PyExc_ValueError, 31
PyExc_Warning, 33
PyExc_WindowsError, 32
PyExc_ZeroDivisionError, 31
PyException_GetCause (C k), 29
PyException_GetContext (C &%), 29
PyException_GetTraceback (C FH4%), 29
PyException_SetCause (C #4%), 29
PyException_SetContext (C &%), 29
PyException_SetTraceback (C F#%), 29
PyFile_FromFd (C &), 111
PyFile_GetLine (C &#k), 111
PyFile_WriteObject (C Hi%), 111
PyFile_WriteString (C &%), 111
PyFloat_AS_DOUBLE (C &4%), 78
PyFloat_AsDouble (C FH#k), 78
PyFloat_Check (C F%k), 78
PyFloat_CheckExact (C #4%), 78
PyFloat_ClearFreeList (C &%), 78
PyFloat_FromDouble (C &%), 78
PyFloat_FromString (C &%), 78
PyFloat_GetInfo (C &), 78
PyFloat_GetMax (C $#4%), 78
PyFloat_GetMin (C F#k), 78
PyFloat_Type (C £ &), 78
PyFloatObject (C %(#), 78
PyFrame_GetLineNumber (C &%), 51
PyFrameObiject (C £#), 18
PyFrozenSet_Check (C &), 107
PyFrozenSet_CheckExact (C &%), 107
PyFrozenSet_New (C &%), 107
PyFrozenSet_Type (C &), 107
PyFunction_Check (C % #%), 108
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PyFunction_GetAnnotations (C &%), 109
PyFunction_GetClosure (C FH4%), 108
PyFunction_GetCode (C &%), 108
PyFunction_GetDefaults (C F#k), 108
PyFunction_GetGlobals (C H4%), 108
PyFunction_GetModule (C FH#%), 108
PyFunction_New (C &%), 108
PyFunction_NewWithQualName (C &%), 108
PyFunction_SetAnnotations (C &#%), 109
PyFunction_SetClosure (C &%), 108
PyFunction_SetDefaults (C FH4%), 108
PyFunction_Type (C T &), 108
PyFunctionObiject (C X&), 108
PyGen_Check (C &%), 122
PyGen_CheckExact (C &%), 122
PyGen_New (C &%), 122
PyGen_NewWithQualName (C &3), 122
PyGen_Type (C &%), 122
PyGenObject (C £A), 122
PyGetSetDef (C £A), 157
PyGILState_Check (C &%), 136
PyGILState_Ensure (C &%), 136
PyGILState_GetThisThreadState (C & ),
136
PyGILState_Release (C %), 136
PyImport_AddModule (C %), 40
PyImport_AddModuleObiject (C FH4%), 39
PyImport_AppendInittab (C &%), 41
PyImport_Cleanup (C &%), 41
PyImport_ExecCodeModule (C F#%), 40
PyImport_ExecCodeModuleEx (C %), 40
PyImport_ExecCodeModuleObject (C & %),
40
PyImport_ExecCodeModuleWithPathnames
(C H40), 40
PyImport_ExtendInittab (C F#g), 42
PyImport_FrozenModules (C &%), 41
PyImport_GetImporter (C FHik), 41
PyImport_GetMagicNumber (C &%#k), 40
PyImport_GetMagicTag (C H#k), 41
PyImport_GetModule (C &%), 41
PyImport_GetModuleDict (C &%), 41
PyImport_Import (C &%), 39
PyImport_ImportFrozenModule (C &), 41
PyImport_ImportFrozenModuleObject (C &
%), 41
PyImport_ImportModule (C F4%), 39
PyImport_ImportModuleEx (C &%), 39
PyImport_ImportModuleLevel (C FH4%), 39
PyImport_ImportModuleLevelObject (C &
£, 39
PyImport_ImportModuleNoBlock (C &%), 39
PyImport_ReloadModule (C k), 39
PyIndex_Check (C &%), 62
PyInstanceMethod_Check (C &%), 109
PyInstanceMethod_Function (C &%), 109
PyInstanceMethod_GET_FUNCTION (C & £%),
109

PyInstanceMethod_New (C &%), 109
PyInstanceMethod_Type (C % %), 109
PyInterpreterState (C £A), 135
PyInterpreterState_Clear (C %), 137
PyInterpreterState_Delete (C FH#k), 137
PyInterpreterState_GetID (C %4%), 137
PyInterpreterState_Head (C &), 141
PyInterpreterState_Main (C Hk), 141
PyInterpreterState_New (C FH#), 137
PyInterpreterState_Next (C &), 141
PyInterpreterState_ThreadHead (C & ),
141
PyIter_Check (C H#k), 65
PyIter_Next (C &), 65
PyList_Append (C &%), 104
PyList_AsTuple (C &%), 104
PyList_Check (C &4%), 103
PyList_CheckExact (C &%), 103
PyList_ClearFreeList (C &%), 104
PyList_GET_ITEM (C &%), 103
PyList_GET_SIZE (C F%%), 103
PyList_GetItem (C k), 103
PyList_GetItem(), 8
PyList_GetSlice (C &%), 104
PyList_Insert (C &), 103
PyList_New (C FH4%), 103
PyList_Reverse (C H4%), 104
PyList_SET_ITEM (C &), 103
PyList_SetItem (C &%k), 103
PyList_SetItem(),6
PyList_SetSlice (C &%), 104
PyList_Size (C &%), 103
PyList_Sort (C H%k), 104
PyList_Type (C &%), 103
PyListObject (C £#), 103
PyLong_AsDouble (C &4%), 77
PyLong_AsLong (C ##k), 76
PyLong_AsLongAndOverflow (C FH4%), 76
PyLong_AsLongLong (C &3%), 76
PyLong_AsLongLongAndOverflow (C &%), 76
PyLong_AsSize_t (C &%), 76
PyLong_AsSsize_t (C &%), 76
PyLong_AsUnsignedLong (C &%), 76
PyLong_AsUnsignedLongLong (C &%), 77
PyLong_AsUnsignedLongLongMask (C & %),
77
PyLong_AsUnsignedLongMask (C &#%), 77
PyLong_AsVoidPtr (C &%), 77
PyLong_Check (C #4%), 75
PyLong_CheckExact (C &%), 75
PyLong_FromDouble (C &4%), 75
PyLong_FromLong (C #4%), 75
PyLong_FromLongLong (C &%), 75
PyLong_FromSize_t (C &%), 75
PyLong_FromSsize_t (C %), 75
PyLong_FromString (C &#), 75
PyLong_FromUnicode (C &%%), 75
PyLong_FromUnicodeObiject (C &#k), 76
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PyLong_FromUnsignedLong (C &%), 75
PyLong_FromUnsignedLongLong (C &%), 75
PyLong_FromVoidPtr (C FHk), 76
PyLong_Type (C L&), 75
PyLongObiject (C £ A), 75
PyMapping_Check (C & #%), 64
PyMapping_DelItem (C &#), 64
PyMapping_DelItemString (C k), 64
PyMapping_GetItemString (C &%), 64
PyMapping_HasKey (C ##%), 64
PyMapping_HasKeyString (C &%), 64
PyMapping_Items (C &#), 64
PyMapping_Keys (C & 4%), 64
PyMapping_Length (C % %), 64
PyMapping_SetItemString (C &%), 64
PyMapping_Size (C &%), 64
PyMapping_Values (C FH %), 64
PyMappingMethods (C £7), 172
PyMappingMethods.mp_ass_subscript (C s,
®), 172
PyMappingMethods.mp_length (C s i), 172
PyMappingMethods.mp_subscript (C m i),
172
PyMarshal_ReadLastObjectFromFile (C &
3%, 42
PyMarshal ReadLongFromFile (C &%), 42
PyMarshal_ReadObjectFromFile (C F4%), 42
PyMarshal_ ReadObjectFromString (C & #k),
43
PyMarshal_ReadShortFromFile (C &#k), 42
PyMarshal_ WriteLongToFile (C &%), 42
PyMarshal_WriteObjectToFile (C FH#%), 42
PyMarshal_WriteObjectToString (C & #%),
42
PyMem_Calloc (C &%), 147
PyMem_Del (C & %%), 147
PYMEM_DOMAIN_MEM (C % &), 149
PYMEM_DOMAIN_OBJ (C % &), 150
PYMEM_DOMAIN_RAW (C %), 149
PyMem_Free (C &%), 147
PyMem_GetAllocator (C &4%), 150
PyMem_Malloc (C &), 147
PyMem_New (C &%), 147
PyMem_RawCalloc (C &%), 146
PyMem_RawFree (C F#), 146
PyMem_RawMalloc (C &%), 146
PyMem_RawRealloc (C F#k), 146
PyMem_Realloc (C &%), 147
PyMem_Resize (C &%), 147
PyMem_SetAllocator (C &%), 150
PyMem_SetupDebugHooks (C ##), 150
PyMemAllocatorDomain (C £ ), 149
PyMemAllocatorEx (C £(#), 149
PyMemberDef (C &), 156
PyMemoryView_Check (C FH#%), 119
PyMemoryView_FromBuffer (C FH#k), 119
PyMemoryView_FromMemory (C #%%), 119
PyMemoryView_FromObject (C &%), 119

PyMemoryView_GET_BASE (C %), 119
PyMemoryView_GET_BUFFER (C %4%), 119
PyMemoryView_GetContiguous (C H%), 119
PyMethod_Check (C &4%), 109
PyMethod_ClearFreeList (C &), 109
PyMethod_Function (C &), 109
PyMethod_GET_FUNCTION (C F%k), 109
PyMethod_GET_SELF (C &), 109
PyMethod_New (C k), 109
PyMethod_Self (C &%%), 109
PyMethod_Type (C & &), 109
PyMethodDef (C (&), 155
PyModule_AddFunctions (C &%), 115
PyModule_AddIntConstant (C &), 116
PyModule_AddIntMacro (C &#), 116
PyModule_AddObject (C &%), 116
PyModule_AddStringConstant (C &%), 116
PyModule_AddStringMacro (C &4%), 116
PyModule_Check (C &%), 111
PyModule_CheckExact (C &%), 111
PyModule_Create (C &%), 113
PyModule_Create2 (C FH4%), 113
PyModule_ExecDef (C k), 115
PyModule_FromDefAndSpec (C F4%), 115
PyModule_FromDefAndSpec?2 (C #4%), 115
PyModule_GetDef (C &%), 112
PyModule_GetDict (C F4%), 112
PyModule_GetFilename (C &%), 112
PyModule_GetFilenameObject (C &%), 112
PyModule_GetName (C &%), 112
PyModule_GetNameObject (C &), 112
PyModule_GetState (C &%), 112
PyModule_New (C &%), 111
PyModule_NewObject (C %), 111
PyModule_SetDocString (C F#g), 115
PyModule_Type (CE &), 111
PyModuleDef (C £A), 112
PyModuleDef_Init (C &%), 114
PyModuleDef_Slot (C &), 114
PyModuleDef_Slot.slot (C A i), 114
PyModuleDef_Slot.value (C & i), 114
PyModuleDef.m_base (C &R ), 112
PyModuleDef.m_clear (C p Bit), 113
PyModuleDef.m_doc (C & i), 112
PyModuleDef.m_free (C & i), 113
PyModuleDef.m_methods (C & i), 113
PyModuleDef .m_name (C 5, i), 112
PyModuleDef.m_reload (Cm. i), 113
PyModuleDef.m_size (C i R), 112
PyModuleDef.m_slots (C i), 113
PyModuleDef.m_traverse (C 5 i), 113
PyNumber_Absolute (C &%), 60
PyNumber_Add (C k), 60
PyNumber_And (C & 4%), 61
PyNumber_AsSsize_t (C FH4k), 62
PyNumber_Check (C F#k), 60
PyNumber_Divmod (C &%), 60
PyNumber_Float (C &%), 62
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PyNumber_FloorDivide (C F4%), 60
PyNumber_Index (C F#k), 62
PyNumber_InPlaceAdd (C &%), 61
PyNumber_InPlaceAnd (C &), 61
PyNumber_InPlaceFloorDivide (C &4%), 61
PyNumber_InPlaceLshift (C H4%), 61
PyNumber_InPlaceMatrixMultiply (C &%),
61
PyNumber_InPlaceMultiply (C &4k), 61
PyNumber_InPlaceOr (C &%), 62
PyNumber_InPlacePower (C &%), 61
PyNumber_InPlaceRemainder (C &%), 61
PyNumber_InPlaceRshift (C &%), 61
PyNumber_InPlaceSubtract (C &), 61
PyNumber_InPlaceTrueDivide (C #4%), 61
PyNumber_InPlaceXor (C &%), 61
PyNumber_Invert (C &%), 60
PyNumber_Long (C &%), 62
PyNumber_Lshift (C &%), 60
PyNumber_MatrixMultiply (C &%), 60
PyNumber_Multiply (C &%), 60
PyNumber_Negative (C &%), 60
PyNumber_Or (C &%), 61
PyNumber_Positive (C &%), 60
PyNumber_Power (C & 4%), 60
PyNumber_Remainder (C &% #%), 60
PyNumber_Rshift (C &%), 60
PyNumber_Subtract (C H3), 60
PyNumber_ToBase (C &%), 62
PyNumber_TrueDivide (C &%), 60
PyNumber_Xor (C &%), 61
PyNumberMethods (C £ &), 171
PyObject (C £A), 154
PyObject_AsCharBuffer (C &), 71
PyObject_ASCII (C &%), 57
PyObject_AsFileDescriptor (C &), 111
PyObject_AsReadBuffer (C H4), 71
PyObject_AsWriteBuffer (C &), 72
PyObject_Bytes (C &), 57
PyObject_Call (C &), 57
PyObject_CallFunction (C &#), 58
PyObject_CallFunctionObjArgs (C k), 58
PyObject_CallMethod (C &%), 58
PyObject_CallMethodObjArgs (C F4%), 58
PyObject_CallObject (C &%%), 58
PyObject_Calloc (C &%), 148
PyObject_CheckBuffer (C &), 70
PyObject_CheckReadBuffer (C FH4k), 72
PyObject_Del (C H4%), 153
PyObject_DelAttr (C &), 56
PyObject_DelAttrString (C &%), 56
PyObject_DelItem (C &), 59
PyObject_Dir (C &%), 59
PyObject_Free (C FH4%), 148
PyObject_GC_Del (C &%), 175
PyObject_GC_New (C &%), 175
PyObject_GC_NewVar (C &), 175
PyObject_GC_Resize (C &%), 175

PyObject_GC_Track (C &%), 175
PyObject_GC_UnTrack (C & 4%), 175
PyObject_GenericGetAttr (C F4%), 56
PyObject_GenericGetDict (C &), 56
PyObject_GenericSetAttr (C &%), 56
PyObject_GenericSetDict (C &%), 56
PyObject_GetArenaAllocator (C H4%), 151
PyObject_GetAttr (C &%), 55
PyObject_GetAttrString (C k), 56
PyObject_GetBuffer (C #%), 70
PyObject_GetItem (C FHk), 59
PyObject_GetIter (C FHk), 59
PyObject_HasAttr (C &%), 55
PyObject_HasAttrString (C &%), 55
PyObject_Hash (C F4%), 58
PyObject_HashNotImplemented (C %), 58
PyObject_HEAD (C %), 154
PyObject_HEAD_INIT (C %), 154
PyObject_Init (C &), 153
PyObject_InitVar (C &), 153
PyObject_IsInstance (C k), 57
PyObject_IsSubclass (C k), 57
PyObject_IsTrue (C H#), 59
PyObject_Length (C &%), 59
PyObject_LengthHint (C &%), 59
PyObject_Malloc (C F3%), 148
PyObiject_New (C F4%), 153
PyObject_NewVar (C &), 153
PyObject_Not (C k), 59
PyObject._ob_next (C & ), 159
PyObject._ob_prev (C i R ), 159
PyObject_Print (C &%), 55
PyObject_Realloc (C &), 148
PyObject_Repr (C F#k), 57
PyObject_RichCompare (C k), 56
PyObject_RichCompareBool (C FH4%), 56
PyObject_SetArenalAllocator (C &), 151
PyObject_SetAttr (C FHk), 56
PyObject_SetAttrString (C &%), 56
PyObject_SetItem (C &%), 59
PyObject_Size (C &), 59
PyObject_Str (C &%), 57
PyObject_Type (C FH4%), 59
PyObject_TypeCheck (C FH#%), 59
PyObject_VAR_HEAD (C %), 154
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PyOS_AfterFork (C ##k), 36
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PyOS_AfterFork_Parent (C &#), 35
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PyOS_CheckStack (C &%), 36
PyOS_double_to_string (C k), 50
PyOS_FSPath (C &), 35
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PyOS_vsnprintf (C &4%), 50
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PyParser_SimpleParseFileFlags (C & %k),
17
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PySequence_Count (C &%), 63
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PySequenceMethods (C £ %), 172
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PySequenceMethods
173
PySequenceMethods
AR, 173
PySequenceMethods
AR, 173
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PyStructSequence_UnnamedField (C & &),
102
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PySys_ResetWarnOptions (C %4%), 37
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PyType_Check (C &%), 73

gL ]

223



The Python/C API, X% 3.7.7
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PyTypeObject.tp_getset (C & i), 167 PyUnicode_ClearFreeList (C &#k), 84
PyTypeObiject.tp_hash (Cm i), 162 PyUnicode_Compare (C &%), 100
PyTypeObiject.tp_init (C A X), 168 PyUnicode_CompareWithASCIIString (C &
PyTypeObject.tp_is_gc (C A& i), 169 #), 100

PyTypeObject.tp_itemsize (C & i), 160 PyUnicode_Concat (C &%), 99
PyTypeObject.tp_iter (C & i), 166 PyUnicode_Contains (C &4%), 100
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PyUnicode_DecodeRawUnicodeEscape (C &
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PyUnicode_DecodeUnicodeEscape (C & %),
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PyUnicode_DecodeUTF7 (C &%), 96
PyUnicode_DecodeUTF7Stateful (C FH4k), 96
PyUnicode_DecodeUTF8 (C k), 93
PyUnicode_DecodeUTF8Stateful (C %), 93
PyUnicode_DecodeUTF16 (C &4%), 95
PyUnicode_DecodeUTF16Stateful (C & %),
95
PyUnicode_DecodeUTF32 (C &%), 94
PyUnicode_DecodeUTF32Stateful (C & #),
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PyUnicode_EncodeCharmap (C &#), 98
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PyUnicode_EncodeRawUnicodeEscape (C &
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PyUnicode_EncodeUnicodeEscape (C & %),
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PyUnicode_EncodeUTF8 (C % 4%), 93
PyUnicode_EncodeUTF16 (C &%), 95
PyUnicode_EncodeUTF32 (C &%), 94
PyUnicode_Fill (C &%), 88
PyUnicode_Find (C &%), 99
PyUnicode_FindChar (C F4%), 99
PyUnicode_Format (C F#), 100
PyUnicode_FromEncodedObiject (C #%%), 87
PyUnicode_FromFormat (C &%), 86
PyUnicode_FromFormatV (C &%), 87
PyUnicode_FromKindAndData (C &%), 86
PyUnicode_FromObject (C k), 89
PyUnicode_FromString (C & #), 86
PyUnicode_FromString (), 105
PyUnicode_FromStringAndSize (C FH4%), 86
PyUnicode_FromUnicode (C &%), 89
PyUnicode_FromWideChar (C %4%), 92
PyUnicode_FSConverter (C k), 90
PyUnicode_FSDecoder (C & 4%), 91
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PyUnicode_GET_LENGTH (C &%%), 83
PyUnicode_GET_SIZE (C &), 84
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PyUnicode_Join (C &%), 99
PyUnicode_KIND (C F4k), 84
PyUnicode_MAX_CHAR_VALUE (C &%), 84
PyUnicode_New (C &4%), 86
PyUnicode_READ (C &%), 84

PyUnicode_READ_CHAR (C & 4%), 84
PyUnicode_ReadChar (C &%), 88
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PyUnicode_Replace (C &4%), 100
PyUnicode_RichCompare (C &%), 100
PyUnicode_Split (C &%), 99
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PyUnicode_Substring (C &%), 88
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PyUnicode_TransformDecimalToASCITI (C &
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PyUnicode_Translate (C &#), 98, 99
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PyUnicode_Type (C &%), 83
PyUnicode_WCHAR_KIND (C %), 84
PyUnicode_ WRITE (C &%), 84
PyUnicode_WriteChar (C &%), 88
PyUnicodeDecodeError_Create (C F#k), 30
PyUnicodeDecodeError_GetEncoding (C &
%), 30
PyUnicodeDecodeError_GetEnd (C &%), 30
PyUnicodeDecodeError_GetObject (C &%),
30
PyUnicodeDecodeError_GetReason (C &),
30
PyUnicodeDecodeError_GetStart (C & %),
30
PyUnicodeDecodeError_SetEnd (C F#), 30
PyUnicodeDecodeError_SetReason (C &),
30
PyUnicodeDecodeError_SetStart (C & %),
30
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30
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30
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30
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30
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PyUnicodeTranslateError_Create (C &%),
30
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PyUnicodeTranslateError_SetEnd (C %),
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PyWeakref NewProxy (C &4%), 120
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set
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signal
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special
method, 188
special method -- #% ¥4 %, 188
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staticmethod
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stderr (in module sys), 138
stdin
stdout sdterr, 130
stdin (in module sys), 138
stdout
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stdout (in module sys), 138

strerror (), 24

string
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SystemError (built-in exception), 112
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tp_as_async (Cm i), 161
tp_as_mapping (C A& i), 162
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188
tuple
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T4, 100
type
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176
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universal newlines —-- 3@ F#4T, 189

Vv

B,

variable annotation -- Z 2R3, 189
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_ import_ ,39
abs, 60
ascii, 57
bytes, 57
classmethod, 156
compile, 40
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float, 62
hash, 58, 162
int, 62
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repr, 57, 161
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Zen of Python -- Python z 7,189

bytearray, 81
bytes, 80

Capsule, 120
complex number, 78
dictionary, 104
file, 111

floating point, 78
frozenset, 106
function, 108
instancemethod, 109
integer, 75

list, 103

long integer, 75
mapping, 104
memoryview, 119
method, 109

module, 111

None, 74

numeric, 75
sequence, 80

set, 106

tuple, 100

type, 5,73
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_thread, 135
builtins, 11, 130, 138
signal, 28
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