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CHAPTER 1
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1.1 K4k
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1.2 B&XHF

{1} Python/C AP Tl BEAYATRRR £, EZUHN 0 SCRT il N AT 1A & BRI AU Z

#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).

{:: BT Python RJ RS L —LUREAEHLLE R G0 b 52 AR Sk SO TAL BRER E SC, PR IR A S ARl
W2 T, R 54/ 5e404 Python . h,
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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)
Use this for unused arguments in a function definition to silence compiler warnings. Example: int
func (int a, int Py_UNUSED (b)) { return a; }.

3.4 BN RE.

Py_DEPRECATED (version)
Use this for deprecated declarations. The macro must be placed before the symbol name.

NV

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

TE 3.8 iU #: MSVC support was added.

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

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

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

PyDoc_STR (str)
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 5. E£RF5|ATHE

Most Python/C API functions have one or more arguments as well as a return value of type PyOb ject *. This type
is a pointer to an opaque data type representing an arbitrary Python object. Since all Python object types are treated
the same way by the Python language in most situations (e.g., assignments, scope rules, and argument passing), it
is only fitting that they should be represented by a single C type. Almost all Python objects live on the heap: you
never declare an automatic or static variable of type PyOb ject, only pointer variables of type PyOb ject * can
be declared. The sole exception are the type objects; since these must never be deallocated, they are typically static
PyTypeObject objects.

JiiA Python %% (% Python #8%§) #3AG —> type Fl—A> reference count . %15 2B & & 242565
FXT 4 (FIAnEEE . R FoE SCREG BB 2, 4 types HITAR ) o XTFREN AR RV A S EY, #G—
NTERARART G2 E S TZIEA: a0, 24 (HAY) a Frigiix 4/ Python 51|} PyList_Check (a)
=

14. K. RBMS| At 5



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

The Python/C API, k% 3.8.7rc1

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 possibly 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




The Python/C API, k% 3.8.7rc1

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

3.8 BRI HE.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

char* (*PyOS_ReadlineFunctionPointer) (FILE * FILE * const char *)
Can be set to point to a function with the prototype char *func (FILE *stdin, FILE *stdout,
char *prompt), overriding the default function used to read a single line of input at the interpreter’s

16 Chapter 3. The Very High Level Layer



The Python/C API, %% 3.8.7rc1

prompt. The function is expected to output the string prompt if it’s not NULL, and then read a line of in-
put from the provided standard input file, returning the resulting string. For example, The readl ine module
sets this hook to provide line-editing and tab-completion features.

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

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

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

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

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

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

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

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

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

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

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

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

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

set to NULL.

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

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

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

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

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

3.4 BRI HE.

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

3.2 BRI HE.

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

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

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

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

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

JE 3.4 R FE¥: 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 ().
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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 ().
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.

int cf_flags
Compiler flags.

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

The field is ignored by default, it is used if and only if PyCF_ONLY_AST flag is set in ¢f_flags.
1 3.8 IR Added cf_feature_version field.

int CO_FUTURE_DIVISION

This bit can be set in flags to cause division operator / to be interpreted as “true division” according to PEP
238.
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CHAPTER D

4biE
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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 no traceback is printed and the Python process will exit with the error code specified by the
SystemEx1it instance.

FUETERS AR /R s B A7 20 XA R 8, 5 WX & S Bh !

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 ()
PyErr_PrintEx (1) BB .

void PyErr_ WriteUnraisable (PyObject *obj)
Call sys.unraisablehook () using the current exception and obj argument.

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 filth &%

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 e

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
thencalls PyErr_SetObject (type, object). On Unix, when the 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

I

- =3
[=]

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 FEMR

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

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
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.

33 G E B 3.11

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

migrate

PyObject* PyUnicodeTranslateError_Create (const Py_UNICODE *object, Py_ssize_t length,

Py_ssize_t start, Py_ssize_t end, const ch:
son)

ar *rea-

to

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

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

33 RUECE R 3.11

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

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)

migrate

).

to

Get the start attribute of the given exception object and place it into *start. start must not be NULL. Return 0

on success, —1 on failure.

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

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)
int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)
int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)

Get the end attribute of the given exception object and place it into *end. end must not be NULL. Return 0 on

success, —1 on failure.

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

PyObject* PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetReason (PyObject *exc)
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PyObject* PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. 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.

5.9 BT

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

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

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 astringsuchas " in instance check™" tobe concatenated tothe RecursionError
message caused by the recursion depth limit.

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

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

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

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

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

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

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

510 IRERE

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

C &k Python Z#R EX s

PyExc_BaseException BaseException €))

PyExc_Exception Exception Q)
TT4Rs:
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R1-ZIW

C &R

Python &#R

TR

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

PyExc_ChildProcessError

ChildProcessError

PyExc_ConnectionAbortedError

ConnectionAbortedError

PyExc_ConnectionError

ConnectionError

PyExc_ConnectionRefusedError

ConnectionRefusedError

PyExc_ConnectionResetError

ConnectionResetError

PyExc_EOFError

EOFError

PyExc_FileExistsError

FileExistsError

PyExc_FileNotFoundError

FileNotFoundError

PyExc_FloatingPointError

FloatingPointError

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

PyExc_NotADirectoryError

NotADirectoryError

PyExc_NotImplementedError

NotImplementedError

PyExc_OSError

OSError

@

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

PyExc_UnboundLocalError

UnboundLocalError

PyExc_UnicodeDecodeError

UnicodeDecodeError

PyExc_UnicodeEncodeError

UnicodeEncodeError

PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateError UnicodeTranslateError
PyExc_ValueError ValueError

PyExc_ZeroDivisionError

ZeroDivisionError

33 0 W U fE

PyExc_BlockingIOError,

PyExc_BrokenPipeError,

PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,

32
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PyExc_ConnectionRefusedError

PyExc_FileExistsError,
PyExc_IsADirectoryError,

PyExc_FileNotFoundError,
PyExc_NotADirectoryError,

PyExc_ConnectionResetError,

PyExc_ProcessLookupError and PyExc_TimeoutError MMZEHUTT PEP 3151.

3.5 PR IBE: PyExc_StopAsyncIteration il PyExc_RecursionError.

3.6 FRINEE: PyExc_ModuleNotFoundError

XL R4 PyExc_OSError:

C &% R
PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError 3)

T 3.3 BB 3K L8 531144 4 202 B Y S 28 20

R
(1) X

e HA AR S A 2

PyExc_InterruptedError,
PyExc_PermissionError,

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

defined.

5.11 FREEE LS

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

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

3.2 FiRIBE: PyExc_ResourceWarning

W

(1) X2 HAARIEE 2RI I .

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.

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

3.7 B RE.

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

3.7 B RE.

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

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

3.7 iR EE.
S

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

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

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

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

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

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

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

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

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

¢ the current locale encoding.

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

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

The PyUnicode_DecodeFSDefaultAndSize () and PyUnicode_DecodeLocaleAndSize ()
functions.

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

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

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

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

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

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

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

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

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

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

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

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

6.2 ZGiThAEE

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

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

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

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

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

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

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

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

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

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

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

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

3.2 BRI RE.

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

3.2 B .

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

3.2 B fE.

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

3.2 B fE.

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

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

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

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

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

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

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

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

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

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

6.3 TR

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

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

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

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

PyObject* PyImport_ImportModule (const char *name)

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

R X BR AR A

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

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

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

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

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

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

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

3.3 B fE.

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

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

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

ZRAUE R B R AR T

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

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

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

3.3 B fE.

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

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

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

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

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

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

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

Seealso Py Import_ExecCodeModuleEx () and Py Import_ExecCodeModulelWithPathnames ().

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

é%ﬂPyImport_ExecCodeModuleWi thPathnames (),

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

3.3 BRI HE.

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

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

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

3.2 BRI HE.

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

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

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

3.2 BRI HE.

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

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

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

3.7 B fE.

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

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

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

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

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

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

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

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

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

bi

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

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

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

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

bi

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

6.5 #i#E marshal 2

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

BOFEAEAT IR o 1EEQ?%PJJ‘JZT I3k

B R A B AR A - 5 0 R DT S iRAS, 58 1 A AE SCH4FN marshal [ )74 4k Hr 2L 2 AR
FrE . 5 2Hﬁ21§%5<¢/%,mzéﬂzﬁﬂﬂ R, Py _MARSHAL_VERSTON J8H] T M SCAAAR 0 (470
WHH 2)
void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
FE—A Long B%L value DA marshal 48R G A file. 365 H G A value FeAK1H 32 75 TLIEAHL long
R SEAT . version F5H] SCUAE X ATHRUAS .

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

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

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

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

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

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

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

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

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

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

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

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

6.6 BITSHHLBELE

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

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

6.6.1 BEITS#

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

FHBNZFX

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

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

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

BRAER AU, S K EASAS AR .

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

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

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

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

s* (str or bytes-like object) [Py_buffer] iX P35 IEH:5% Unicode ¥4 2 R4 A4 . B HAH
W ERM Py_buffer S5HIMRIE. X BLE5HRM C EAFHR T REAL &k A NUL 5245, Unicode Xif
ZiEit rut£-8" GALFEILAL C FAFE .

s# (stx, Hidtbytes-like object) [const char *, int or Py_ssize_t] 4 s*, [ T ENEZ SN S, 45
RAMEEPAS C AR g, B—A238 1 C ERFRINTEE, B MR EMKE. FARREE Sk
K null 5275, Unicode X4 #RgGE L 'ut £-8" it ib il C 45 .

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 B} Py_ssize_t] 5 s# 25{ll, {H Python %f4:
A[fiEN None, FEXFPEHLT, C 454t E N NULL,

y (read-only bytes-like object) [const char *] XA~ F ik ZORF— AN T AT LB R AL B — A8 1) FAFER Y
C it ERBEE Unicode 1% F52E(FISAUR LA AR null 45 WIRELAE T null 59
&8 %—14 ValueError 7.
TE 3.5 JRE R PART, M7 X 2] Tk AR null ‘P54 5| & TypeError .

y* (bytes-like object) [Py_buffer] s* ByZA53, ANJE57 Unicode W5, HiERFHrRAlA &, X%
BEGIE I 2 i 4

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

S (bytes) [PyBytesObject *] ZL3K Python X 58 bytes X%, AN BEITE M. WMFIZXTR AN
bytes Xf 42351 % TypeError. CASRM AP ryobject * JH.

¥ (bytearray) [PyByteArrayObject ¥] sk Python A4 bytearray ¥4, R FEME . 1
RZAZRAN bytearray WRMK5] % TypeError. CARWAIHFE hryobject « JA,

u (str) [const Py_UNICODE *] > Python Unicode %5544k i35 5] — A~ PAZS 2 119 Unicode P47 2%
PCHHEEE . WRLAUE A—A-Py_ONTCODE JREAS RHMAL, {784 T — 11 C £ 4742 Unicode
E X FSEL . T — APy UNICODE 2 {244 55 BE B T i 3356 37 (16 {37 5% % 32 7). Python
PR AUR B & BT null RIS IS, 35— valueBrror 5.

TE 3.5 MU R PATIT, 24 Python “AAFER Hi# 3 T i AW null AR 552551 & TypeError .
Deprecated since version 3.3, will be removed in version 4.0: X2 |HE: X Py_UNICODE APL; i 1E %
ZPyUnicode_AsWideCharString().

u# (str) [const Py_UNICODE *, int 8§ Py_ssize_t] u 2R, 7FEW C R, H—MIReHEm—
A~ Unicode HHZAEIX, HE-ANR2ENKE. Bl null f555,

Deprecated since version 3.3, will be removed in version 4.0: X2 |HEE X Py_UNICODE APL; i 1E %
ZPyUnicode AsWideCharString ().

Z (str 5 None) [const Py_UNICODE *] 5 u Z5{t), {H Python X} 4 1 A] £ & None, ¥EiX F 1 I
NPy_UNICODE 3841i% & 5 NULL,

Deprecated since version 3.3, will be removed in version 4.0: X2 |HEE X Py_UNTICODE APL; i 1E %
ZPyUnicode_AsWideCharString().

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

Deprecated since version 3.3, will be removed in version 4.0: X2 |HEE Py_UNICODE APL; i 1F %
£ PyUnicode AsWideCharString().
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U (str) [PyObject *] #izK Python X§4 4 Unicode X§5¢, AN MATE(THEHe . WAIZXT5 AN Unicode
X5 M5 % TypeError. CARBW AR PyObject *,

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1 (int) [long int] H§—> Python BAUHAL N —4> C long int KA,
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k (int) [unsigned long] }f—~ Python B A%E4k ili— C unsigned long int BfFS KR HAK
A R

L (int) [long long] f—> Python ML N —4> C long long KK,

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

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

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

T 3.3 UM fUiF bytearray REXIE.

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

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

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

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

Hapx+x

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

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

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

status = converter (object, address);

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

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

1E 3.1 JUE #: Py_CLEANUP_SUPPORTED #¥R Mo

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

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

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

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

R — IR E T RE S A AR

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

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

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

3.3 B fE.

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

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

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

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

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

API B #§

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

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

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

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

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

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

int PyArg_ValidateKeywordArguments (PyObject *)

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

3.2 HrhfE.

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

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

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

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

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

return result;

}

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

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

6.6.2 CIETE

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

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

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

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

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

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

JCH .

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

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

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

fBAEPy_Buildvalue () IRFIFFE free () .

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

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

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

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

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

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

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

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

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

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

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

[H] None,

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

6.6. BITSHHOEETE 49



The Python/C API, k% 3.8.7rc1

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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 () MPyOS_vsnprintf () 3 C HR#EFEREL snprint £ () Ml vsnprintf () . B
110 H W2 PRUEER TS 00 N B —8U TR, AR C I RREIA A
FLAEARAOR str[Fsize-1] TEIRIBHRZAZ '\ o ENIMAG ARG size 745 (RAELGERM '\0" ) FF
Fret. THREERFREW 2 str != NULL, size > O f] format != NULL.

WP GIEA vsnprint £ () T H. 22 X /N T B2 G 0T H size 512 <735 AL, Python 2x PA—
/]\nyFatalError() 5{%'4:‘1]:0

XSERR B R E (rv ) BEAE B DA R g -
* M0 <= rv < size, HMFAHMINMH rv DFRHWTGA st (RELEGARRE sor*[*rv] 15 ' \0" F

1)

T
s M rv >= size, HiMFEHPBWIT HBCIFE DA ov + 1 FREM K. FEXMELLT,
str¥[*size-1] {EZ "\0' .
s Brv < 0, RAEBRGHRSE. EXFFIT, siriFsize-1] BIEMEZE '\, (HZ stor I
IR ARBE Lo SRR E BT IRE 6.
PATR BRI B TR 5 PR T R Y A R B R e
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
FEFAFHR s Feffeoly double 2RHY, RIMINT| A& Python 54 . HeAZHYFATERIYHEA X T4 Python
1) float () MIEREIEZHNTFAHNES, T s RDACAH RN TR . Fi i T2
HIHY X35

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

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

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

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

3.1 B fE.

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

X EUFRAN TP Z —, e, 'EY, V£ R, gt UG B Tt T et SR AR LD
i 0. 'rt M HE TARERAL repr () #53K.

flags A DA M HAth{ Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 8{ Py_DTSF_ALT By HH &
* Py_DTSF_SIGN FINE@TER [ A ER R I —MF 5545, BIEE val HE55L
* Py_DTSF_ADD_DOT_0 F/RHfi iR Ml FAF R B A G 2 — 4R
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* Py_DTSF_ALT FnM " B A=A BEN . AH TGS PyOS_snprintf () "#' &
XY
W ptype K NULL, ‘&35 18] W {E B #% %/ Py_DTST_FINITE, Py DTST_INFINITE B
Py_DTST_NAN H—A~, 730N val @ — A IRET . TohRECF SR

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

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

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

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

6.8 5

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

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

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

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

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

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

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

6.9 mAFtDNEMSZIRThEE

int PyCodec_Register (PyObject *search_function)

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

7o
int PyCodec_KnownEncoding (const char *encoding)

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

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

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

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

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

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

6.9.1 Codec &1k API

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

3.5 B fE.
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MERE

AF PRI Python WRACH., TR HARM, sHAZRMXEKA (B, FrafuEsesd, =0
HIFHNEA) . M RIEBIEAE N, A&7 E—4> Python 5.

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

7.1 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.
XA T Python ik callable (*args) .

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

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

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

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

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

args is a C array with the positional arguments.
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nargsf is the number of positional arguments plus optionally the flag
PY_VECTORCALL_ARGUMENTS_OFFSET (see below). To get actual number of arguments, use
PyVectorcall NARGS (nargsft).

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

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

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

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

3.8 B RE.

PY_VECTORCALL_ARGUMENTS_OFFSET
If set in a vectorcall nargsf argument, the callee is allowed to temporarily change args [~1]. In other words,
args points to argument 1 (not 0) in the allocated vector. The callee must restore the value of args [-1]
before returning.

Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
PY_VECTORCALL_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to make
their onward calls (which include a prepended self argument) cheaply.

3.8 BRI HE.

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

3.8 B fiE.

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

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

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

3.8 B fE.

Py_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) .

T 3.2 MU HE PR The return type is now Py_hash_t. This is a signed integer the same size as Py_ssize_t.

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

PyObject* PyObject_Type (PyObject *0)
Return value: New reference. When o is non-NULL, returns a type object corresponding to the object type
of object 0. On failure, raises SystemError and returns NULL. This is equivalent to the Python 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 type. Both parameters must be non-NULL.

Py_ssize_t PyObject_Size (PyObject *o)

Py_ssize_t PyObject_Length (PyObject *0)
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 FrhIEE.

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

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

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

PyObject* PyObject_Dir (PyObject *o)
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

TE 3.8 R AR 0 S — G HEBONIR ] 1.

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

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. 121 ol W75 02 BIZEHR, WM, IRE] NULL . 24T Python FFfFHE
*HH ol - 02,

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . 02 FHIEYLER, TR, 1&[F] NULL, 84T Python Hr1 3
AR ol * 02,

PyObject* PyNumber_MatrixMultiply (PyObject *o0l, PyObject *02)
Return value: New reference. 12[8] ol . o2 fUEMEFIERILGER, R LM, RF] NULL. 24T Python
pgFRIER ol @ o2,

3.5 FrhR e

PyObject* PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12 [0 ol DA 02 W] FEE G455, R4y, 1&[H NULL. 6T
ARG RS

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 1&[0] ol DA 02 HI—PNEHEMITRME, TR LM, R [F] NULL, X MEE
UERIAY, ROy b S0 — N EME, BN PTRERR R A 2 BB BT S XA R AR ]
PR PRS- 3 1) 7 S 5

PyObject* PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. 18[1] ol F&:PA 02 15BN A80, WAL, &M NULL, 54T Python H
MFRIENL ol & 02,

PyObject* PyNumber_Divmod (PyObject *ol, PyObject *02)
Return value: New reference. 7% N EHREL divmod () . WHJIK, R[] NULL., Z4T Python ik
K divmod (ol, 02).

PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 152 [ N B PR %L pow () o QIALRI, R[] NULL. S84/ Python Hif3
KA pow (01, 02, o03), HHt o3 BN . WIREZEE 03, WFHHE APy None fERNE (W0
Hfle A NULL 2 SBEARENAETH) .
PyObject* PyNumber_Negative (PyObject *o)
Return value: New reference. 1&[0] o BITUE, WISRKRNG, 1R\ NULL . 24T Python Fikx -o.
PyObject* PyNumber_Positive (PyObject *0)
Return value: New reference. J2[0] o, GHFRIM, R[8] NULL o 54T Python ik +o.
PyObject* PyNumber_Absolute (PyObject *o)
Return value: New reference. 12 [7] o FZEXTE, TR, IR\ NULL. Z54+F Python ik abs (o) »
PyObject* PyNumber_Invert (PyObject *o)
Return value: New reference. 1218] o W AT JG A5 SR, IR AN, R[] NULL, %rF Python 3%
:US,J:V ~Oo,
PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. IR [R] ol /2F% 02 A~ FUAF GHISE S, TSR, R Al NULL., 28T Python
FikR 0l << 02,
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PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. 3&[8] ol 55%% 02 ARG LS R, AR, & F] NULL . 24T Python
FiERX 01 >> o2,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. IR [F] ol F1 02 “¥#A1-5" HIZEHR, WHRKN, R [F] NULL . 24T Python
Fik ol & 02,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol K 02 “$#{LFE0” WIGER, R, &M NULL . 0T
Python H1[{)3#£ik= 01 ~02.

PyObject* PyNumber_Ox (PyObject *o0l, PyObject *02)
Return value: New reference. 120 ol F1 02 “F#{78” MIG5E, AR, 1&[H NULL . 24T Python
Fik ol | 02,

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . 02 FAINAYEESE, WnHdei, &\ NULL . X4 ol SR, XA
BAEEBRHEIRSS ol . 40T Python ifi4i] o1 + 02,

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol . 02 FHIRIIE R, AR, 1R\ NULL . 24 ol R, XA
BRSEBURFHEIRS: of . SFHr T Python ififi) o1 —= o2,

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . 02* #Afe o425 R, o R kN, B E “NULL. % *ol LA}, X
M SENURIHERS of . ST Python ifif] o1 += o2.

PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 18 [8] ol . o2 fiH Tk G4, I 4emy, 1R\ NULL . 24 of ¥
I, XAMBESE G RHEIRS ol . 24T Python /4] o1 @= o2,

3.5 B Hne.
PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)

Return value: New reference. 18 |8] ol [&VA 02 5 FBEEHIZER, R4, &[] NULL, 24 ol ¥
I, XANEE SRS FHEIRS ol . 41T Python iEH) ol //= o2,

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol DA 02 H— S FRITRME, WL LM, &[] NULL, X MEZ
ALELAY, R b e — M, A ETREA 2 S RAIOR R Hh TR S8k XA s ASGR [l
BRI R TE S 24 of SCRER), XA UERHEIRS of .

PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol [&DA 02 153 A%, IR LM, 1R[E NULL. 24 ol LR}, &%
MEHHEMEH A FEER . %M T Python iF4] ol %= o2,

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 1§25 N B R E pow () o WIRKML, 1R[] NULL. Y4 of SRR, X2
BHBEM N EMEL R, X o3 2Py None i), ST Python if4] ol **= o2; HMEFHTTE
KALEAEATFERA pow (01, 02, 03) . AIRZZAWE 03, WFHE APy _None (f£ANULL 235
IEE AT ) o

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 8] ol 128 02 AN ARG IS, TR LM, 1R F] NULL. 24 ol ¥R},
A EEEBEMEH AL R . S0 T Python i54] ol <<= o2,

PyObject* PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol 55¥% 02 A~ HAFIGIISE S, WIRKI, 1R\ NULL. 24 of 5},
XA EEEEM A AR . S0 T Python i5H] ol >>= o2,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. IR IE] ol 1 02”7 ¥ 5 WSS, JeBHRE] NULL. fF ol 31
HIPE FIZBAERF B3ttt 48415 Python i) ol &= o2,
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PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. J{INFIRIE] ol F1 02 ” #fi Fal 45 R, KPR E NULL. 7E ol XHF
IR N ZERER RaedT. S5 Python iih] o1 ~= o2,

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. IR [E] ol 1 02 7 #AV B BOLES., LR ] NULL. 7F ol SZ35HY
B NIRRT R PAT. FA0 T Python ifi4i] o1 |= o2,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. IR [H] o $ A REEO R BB 45 R, RIMAT R ] NULL. S84 Python
FiER int (o) .

PyObject* PyNumber_Float (PyObject *0)
Return value: New reference. ISR [F] o #545 R 7 i W R G B 45 5, KRIMFR A NULL, ST
Python A5 float (0)

PyObject* PyNumber_Index (PyObject *0)
Return value: New reference. {3} iR [F] o #4864 Python int 258 J5AY45 5, IR Al NULL H5| &

TypeError 5% .

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
M2, 8, 108 16 . X THE2, 8, B 16, REIAFERFRR A EEEARH 0o, " 007,
or '0x" . W n AN/ Python HHiRER ine 258, SEIEIT PyNumber_Tndex () KB U EE
A,

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
MR 02— MBS B ARRERL, IR [A] o B4 il—A> Py_ssize_t (HWUFINER . AR R, &
Bl -1 H5 R R
IR o A PAREFE Ay Python int 2884 (H 243805440 Py_ssize_t | £:5| % OverflowError, iXHf
exc ZHCRHEEE | KB 5258 (BN 2 IndexError B OverflowError), Yl exc i NULL, N
S A PERH HES PR 71384 PY_SSIZE_T_MIN 8{ [F3% PY_SSIZE_T_MAX,

int PyIndex_Check (PyObject *0)
WA 02— DRGIFEEL (F74 nb_index (7 EFHA tp_as_number A H) WaRE] 1, FWREE O .
XA ERECA I T R

7.3 FR5IiY

int PySequence_Check (PyObject *0)
WARXT R F AL, REGRI] 1, FWHERE 0. HHEERNAA _getitem__ () FIEM
Python &k ] 1, BRIAFEATZ dict BT, PRUNMTE—MNEIL T TCIAHE B sSC R R . LRk
SRR ENIT .

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

IR I 51 v *o* B GA, SRR & 0] -1, 4124 T Python [ “len(0)“ ikt
PyObjecr* PySequence_Concat (PyObject *ol, PyObject *02)

Return value: New reference. IR ol 1 02 WyPFHE, ZKIMAIR A NULL, XZ4)+ Python ik
ol + 02,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)

Return value: New reference. 32 [B|JF X% o I count IR LE S, JeMUAfiR Ml NULL., XM T
Python A= 0 * count.

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. JNINFIR[E] ol A1 02 WBHFEE, KILATIRE] NULL, fF o ERHE LT
fEfs MR (T Python RIKsk 01 += o2,

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Return the result of repeating sequence object 1 [f] JFH X 42 0 B count I
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FIZE SR, R NULL, 7F o RIS 0L i E S R 5E . X EM T Python £kl o *=

count,

PyObject* PySequence_GetItem(PyObje(t *o, Py_ssize_t i)
Return value: New reference. iR [0 o A5 i 5702, JeMER ] NULL, X &E4)T Python iRz

o[i],

PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2)
Return value: New reference. iR B Jp A4 o 1) il 3| i2 W)}, RIEHRE] NULL, XZ4)F Python
?éljj: of[il:1i2],

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
FEXTGE v IRIESS o W55 i 5o . RG] &SRR -1 BEIRHRE 0. X AH24F Python iE
Floli]l = v. ULEREL & EExT v 51 H .

R v o NULL, JUERFRIMER, EREEE s, MY M HPySequence Delltem (),

int PySequence_DelItem (PyObject *o, Py_ssize_ti)
MMERXF SR 0 B55 i 50K . RINHR ] -1, XA 24T Python i541) del o[i].

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
FEFIIR G v IRAEZ P AR G o I il B i2 Y. XA T Python iAo [11:i2] = v,

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
HERIFFIXT G 0 BIM i1 B i2 Y0 o RIGRTR ] -1, X HT24TF Python if4] del o[il:i2].

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
MR [E] value 1 o I REL, RIR BTG o [key] == value HYBEMEE. KM IRE -1, X
FH24F Python F355 0. count (value),

int PySequence_Contains (PyObject *o, PyObject *value)
W5E o AT value. AR o WHYIE—ISET value, WHRIF 1, AHWGRE 0. HFEHS, B&E -1,
XHH YT Python ik value in o,

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
R EE—AERE] *i*, Hft o [1] == value. HEH], &[] - 1. #124T Python [ “o.index(value)“Fik
7.

PyObject* PySequence_List (PyObject *0)
Return value: New reference. iR [0]— /N5 FXT5, HE 'ﬁfhﬁﬂji—h_ﬁﬁ%’i o fHIAl, KRIGHTIR
NULL. &5 R RIS X4 T Python FAX 1ist (

PyObject* PySequence_Tuple (PyObject *o)
Return value: New reference. R [W]—A e X%, HNAESFEAMN B ECXTE o M), KRIBEFIR
NULL. 415 o Hocdl, WPRRREI—ASEEI5 1, 2EHARE O TR 18 4 M A E—A . X
ZE4T Python A2 tuple (0)

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. R 55\ 5% 1] X E o {EHHA PySequence_Fast* REE AT T
SR MR EAZF I EAR S, WEE1% TypeError H4F m ERIHE A . RIGHT

X [7] NULL,

PySequence_Fast* M Z I PAX 4, 2B A ENMNSRE o &—PyTupleobject
BPyListObject #Eﬁéwltﬂ o MBI FBL

£} CPython S BLANTY, WK o T4 MFAIEFIFR, ERHHEIER

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
TE o HPySequence_Fast () &IAI H o A28 NULL A& 6L R & Ml o . ] DA IS ATE o F i
M PySequence_Size () FIKB K/, (HEPySequence _Fast_GET _SIZE () EF R, HH
B MBGE o AFIREITTH .

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference. I¥ o fHPySequence_ Fast () 12 H o /&~ NULL, ¥ H id fER5|
T NP IEL TR o B2 i 5 I0EK.
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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 AR PEM S SRR R MR ] 1, BWGRIE 0. TR ERNAA __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 HHFFAFER key BUFRI(H vo RIGINIRIE] -1, XAH24T Python iff) o [key] = v. J3iff
Z W pyobject_setTtem (). WRREL RN v 51 .

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 -

WIEBET N _getitem () J7 &I IA) B A2 1 5 0 RF & B Wice AR BURE R 4 5 K

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

AT R AL
int PyIter_Check (PyObject *0)
&[] true , HIARRXIGR o SRRV -
PyObject* PyIter_Next (PyObject *o)
Return value: New reference. &[0 A o I F—/AME. X OF2—A3AE (X HE & kA

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

7E Python H ] {iff Ff — 28X} 5 R A0 26 X I 2 W AF B B FR 2 P i1l LR R HE N B bytes Al
bytearray PAK—284l array.array iXFERY B . 55 = B AT BB N TRIAR H W1 & LB
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
BB A B A I R DRI JE R P ) A
Python DA% »F ¥ BIEATE C 2 PR HLX AR TIEE . M AIE P 7T :

o FEEPE X, ZEBW T AT —A ‘G XD, RFATFERIRZEZ M IXER.

42 O WIS B AE Buffer Object Structures —35 713

o FEETRE M, BT HT AR R0 G280 Fe e (Blan—ANrEmEs).
—BEfR] AT R 54N bytes fil bytearray 2 A B AFENIMIRZZE 0 X . Walfes A
= Bl array.array i AHRICE A LEZFH(E.
2R K B2 LTI 2R B 1 — AN 2 SO 1 write () 5k AR n] DA H S — R 5 F 5 Rt & ]

) 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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YT O EHET S, AP ORI B S i 2 -
s FHIEFMSECRMA Pyobject_GetBuffer () ML
» JlpyArg ParseTuple () (BHFFNIG 2 —) LA yv*, wr or s* & X KA HET—A>,

FEXPIFEOL T, AR TR B b KL pyBuffer Release () o WRILEAERK, WHESS
AP, GIAnBE IR o

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] DAMRAS 5y HURHT AT RdE 22 I 45 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,
ARG SIS X RAREREY, WS W% P R 2480, BHRREZ RS, §2

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 Fcontiguous |, AR KU, {EHFRH NIRRTk .

void *obj
XF R HEI H. ZSIHAERE G, HlhPyBurfer Release () HENEITF R E
N NULL. % BAF TR iE C-APT ek ik [ml e .
VER—FRR RGO, YT PyMemoryView FromBuffer () B{PyBuffer FillInfo () i
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.
24 g v X2 Jl A PRI T 22 3 SR SRR, A 5 ((char *)buf) [0] up to

((char *)buf) [len-1] WA HF M. FERZHIEH T, WEIF K AHPyBUF_SIMPLE
B PyBUF_WRITABLE,

int readonly

G X H B iR . BBl PyBUF_WRITABLE ARG 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 {AEAFEIHME XTI,
M shape TE4E, WHFHZH) product (shape) * itemsize == len {JRTEAE, [ E ]
PMEiF] itemsize RFHGFEMHIX,
W shape & NULL, HNEEHR N PyBUF _SIMPLE S PyBUF_WRITABLE W3R, W/ HZ 4
ZMgitemsize, FHRIY itemsize ==

const char *format
TE struct BHFERIEE T NUL FA75, fiid AT 2s . a2 NULL, WfERE A "B

[ RS TSS

(TEfF5T) o
W Bt PyBUF_FORMAT FriGifsti.
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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 {H#fRETE shape [n] >= 0, shape[n] == 0 X EEFERHER . &Fcomplex

arrays RIRIGHE ZE B
shape £ 2H X100 F & R 1 H s .

Py_ssize_t *strides

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

Stride MR ECAH HAEFT DOAATA 35 X TR A, AR & A e g, (B2 00 H & 7 he
b strides [n] <= 0 WIELL. 215 BiES Fcomplex arrays .

strides AL PRl 2 B .

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).

Python Imaging Library (PIL) H{fi ffl 73X Fpk i Rk . iS5 [complex arrays K 1 g fn]
MR TP TR .

suboffsets Fir 20 X8 I & ki 2 H B .

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.

68

Chapter 7. #HiI&RHRE



The Python/C API, %% 3.8.7rc1

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.

Riz, #X

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

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

PyBUF_WRITABLE can be I'd to any of the flags in the next section. Since PyBUF_SIMPLE is defined as 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).

AR, HiE FRBE

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.

LES k| 5B | TRBE | B8
PyBUF_C_CONTIGUOUS & | NULL C
PyBUF_F_CONTIGUOUS Z | R NULL | F
PyBUF_ANY_CONTIGUOUS = 2 NULL Cu( F
PyBUF_ND = [ NULL | NULL .
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Y ES
gﬁ;@%ﬂ@iﬁ KA By AR AL B s A o AT, ek KH SRR AL & 1R A
I TR o

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

K ik | iR | ThoE 458 | RiE | format

=) =] == s =
PyBUF_FULL 7 = WERFERE | U 0 2

[=] [=] == 0 > =
PyBUF_FULL_RO = WRFERGG | U 150 [ 2

[=] [=] =
PyBUF_RECORDS | NULL U 0 =

H. =] D =
PyBUF_RECORDS_RO | NULL U 150 | 2

e = NULL U 0 NULL
PyBUF_STRIDED

=] = P
PyBUF_STRIDED_RO = E NULL U 150 [ NULL

=
PyBUF_CONTIG s | NULL | NULL C 0 NULL

= &
PyBUF_CONTIG_RO s | NULL | NULL C 13 0 | NULL

7.6.3 EZ¥A
NumPy-Ri#g: FRF0SIE

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

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

If 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-R#E: ek, SIRFIFRBE

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 ZPXEXER

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.

R len 1= sre->len T IR BCRFR 5 -

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)
IR Al —A4g ) A RS T A 05 AR H 2 N AE 38 5 . obf SR SR BT AF e 2 1
IR O, KF buffer R NFFHINEFFf buffer_len R Gt XA . AR ] -1 FHcE—A>
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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Python FEJF AL E|— T4, (BAHE T B EHA IEFAEAL, M Se AT RA0 A Bilhn, 2K
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8.1 BEAMR

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

8.1.1 AEIWKR

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3.4 B fE.

Creating Heap-Allocated Types

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

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

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

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

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

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

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

int PyType_Spec.basicsize

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

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

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

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

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

int PyType_Slot.slot
A slot ID.

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

* Py_tp_dealloctoset PyTypeObject.tp_dealloc

* Py_nb_addtoset PyNumberMethods.nb_add

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

s tp_dict

* tp_mro

* tp_cache

* tp_subclasses

* tp weaklist

e tp_print

e tp_weaklistoffset

e tp_dictoffset

* bf getbuffer

* bf releasebuffer

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid issues, use
the bases argument of PyType_FromSpecWithBases () instead.

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

May not be NULL.
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8.1.2 None Y&

#7

&, None WJPyTypeObject NEHELE Python/ C API 15 HF. 1T None SZBAB1, AN S ARIH

(£ CHEN == ) 2B T . diTRFERER, ¥ PyNone_Check () B4

PyObject* Py_None

Python None Xf4¢, FRikZ(H. XNXREATE BEREGT VT FEAEHATATH AR5 .

Py_RETURN_NONE

IERRALPER F C BB Py_None ikl (WALZYL, BN None B35 I EIFREE )

8.2 F{EMR

8.2.1 ERBMR

P B BT DA/ N R R 00 ﬁ“ﬁ%‘%ﬁ o

EHEERF, KL% PyLong_As* API 1k REEER) -1, BES BT oK. G
M PyErr Occurred() X4y,

PyLongObject

71 Python BU 4 pyob ject TR,

PyTypeObject PyLong_Type

XANPyTypeObject HYSLHIZ/R Python [H3E42EAL, 5 Python JZ2HiY int MM,

int PyLong_Check (PyObject *p)

MRS E PyLongObject B{PyLongObject W{2H, 1&[A| true ,

int PyLong_CheckExact (PyObject *p)

MRS ZPyLongObject (HEAREPyLongObject WT2A, i&[H] true,

PyObject* PyLong_FromLong (long v)

Return value: New reference. B v 1R [l — 4~ PyLongObject %4, JMEtR[H] NULL .

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

PyObject* PyLong_FromUnsignedLong (unsigned long v)

Return value: New reference. i C unsigned long ZRAR[E— 1 HIPyLongObject X4, KRIK
AH& Al NULL .

PyObject* PyLong_FromSsize_t (Py_ssize_tv)

Return value: New reference. )\ C Py_ssize_t BERR B —NHiPyLongObject N4, U KK
3 [a] “NULL*,

PyObject* PyLong_FromSize_t (size_t v)

Return value: New reference. M C size_t iRl — A PyLongObject X4, 5 4 Mg )ik
“NULL*,

PyObject* PyLong_FromLongLong (long long v)

Return value: New reference. M. C long long iR [ —A~#HJPyLongObject W4, MR
6GNULL“

PyObject* PyLong_FromUnsignedLongLong (unsigned long long v)

Return value: New reference. M C unsigned long long iR[E|—/NEiPyLongObject X%, 2k
e hsp ] “NULLS,

PyObject* PyLong_FromDouble (double v)

Return value: New reference. M v BEEEFE R [l — NPy LongObject X4, UNHR 4 )R [=]
“NULL",
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PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. Wit str FAFERAEIR Bl — /N PyLongObject , base 1858 #:%.
B pend g NULL , /pend Ki4§ 1) str o 273k > H0F- 3850 1 I 1T 25— A FA4F . A0SR base /&
0, str X¥§fli i integers & SCRMFRE; TEXMIEL T, —DIEZH-FHEREPHHSZL51 %1
ValueError . U5 base N 0, ‘BAMITE 2 fll < 36° 2 [8], (4G 2 F1 36, LA IS DA AT
ZRIMEI 2. T RIL 20 . R AECT, K51% valueError.

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. i Unicode {7 51544~ Python 3E850(H .
Deprecat