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CHAPTER 1

Python {57 [l 245 11 (API) filif C Fl C++ R 7 A AT DATEZ N2 G L7 Python i RERS . 1% APLTE
Cor+ el A, G TR fedliid, e R Ry Python/C APL. i /] Python/C APL A7~ BEAS I 2 «
BRI THRE HY TS & At sk B2 Y & Python RS I RERY C Bibk. X AEI2 e

WEBE 5. 5 A E i 2 Ff Python JAE S ALY I AU ZELAT S5 X33 5 Wk R AE— A L i
embedding Python.,

9 S AR S RN R UL 5 TRRAR, WIDAE “3GE” MR G R T A A —
SERERE B S X —d A . IR ANTE AR ] Fif A Python RUBIA R CA 2, {Hisk A Python i FE%
ARG Y RAELGAFETT B E -

W2 APL BRAEAR R A BGE Y Python X AR 5 NEREE L HEE I 5 BLAh, KAk A Python 1M ]
FEFPAR A EHR ML A YR, AR AR S bR B H A Python Z BTSSRI 5 IV 1% &2 M 12

JTh O

1.1 K4k

WARARAE 24 S ] 175 T CPython 1) C AURY, R BAUEIETE PEP 7 g ORI M AIARIE . X245 S
JEUUSE AR AR BT 2 A Python HUAS . TR SR F T RS =I5 I AR AT DA 46 B X 2L ALY,
B ARIRIE A AE H 517 Python TTikIX LERLER

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 % &) 45 % T & %
1% 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 %,
BALE S SO, WA B S (ARSI ) #OBCE AR AT b an i L S R ik AR b . 3 2R A0 H SO
BERBEARGMA #include <pythonX.Y/Python.h>; XRHEREZ-FEHFARTH, KN prefix
B TR K IR EAE K H exec_prefix MREE GRS

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 S S E SUT — 2847 Y« VF22 R AR SR B ATl TR 7 SURY (BN Py_RETURN_NONE ).
AR Ay P A 0 Sk L. X HE I R AN R — A e s 3R
Py_UNREACHABLE ()

Use this when you have a code path that cannot be reached by design. For example, in the default : clause

in a switch statement for which all possible values are covered in case statements. Use this in places where
you might be tempted to put an assert (0) or abort () call.

In release mode, the macro helps the compiler to optimize the code, and avoids a warning about unreachable
code. For example, the macro is implemented with __builtin_unreachable () on GCC in release
mode.

A use for Py_ UNREACHABLE () is following a call a function that never returns but that is not declared
_Py_NO_RETURN.

If a code path is very unlikely code but can be reached under exceptional case, this macro must not be used.
For example, under low memory condition or if a system call returns a value out of the expected range. In this
case, it’s better to report the error to the caller. If the error cannot be reported to caller, Py_FatalError ()
can be used.

3.7 B fE.

Py_ABS (x)
R[] = 4

3.3 B fE.

Py_MIN (X, y)
R x iy M4 R IME .

3.3 BRI HE.

Py_MAX (X,y)
R = Fly MR .

3.3 B

4 Chapter 1. i
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Py_STRINGIFY (x)
¥ x ok C #4478, Bl Py_STRINGIFY (123) i&[H] "123",
3.4 FriR e
Py_MEMBER_SIZE (type, member)
RIIZEH (type) member R/, PAFTFRIR.
3.6 FriRIIEE.
Py_CHARMASK (c)

SN [-128, 127] B [0, 255 i Bl NI FAF BB A . XA 200 ¢ s il #45°h unsigned
char iR,

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 B fE.

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) ;

15 3.8 REEH: 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.
ZNE

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

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

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.

il

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

13. EME 5
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1.4 &R, £BF05|BitH

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 PyObject * can
be declared. The sole exception are the type objects; since these must never be deallocated, they are typically static
PyTypeObject objects.

FirA Python X142 (#L % Python 3%5) H5A —1 type Fil—-> reference count ., ¥4 2B 2 BT 4255
BTG (A%, Rk H Foe SCREG IS Z, 4 types HTA ) o XA AP EV ARG 2E 8, #G—
N ERIGER G R BT HIEL BN, 24 (HALY) a FrigfxT4e 2 Python 51} PyList_Check (a)
HE.

1.4.1 S|RHH

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.

6 Chapter 1. i
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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):

PyObject *t;

t = PyTuple_New

(3)7
PyTuple_SetItem(

(

(

3

t, 0, PyLong_FromLong (1lL));

t, 1, PyLong_FromLong(2L));

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

PyTuple_SetItem
PyTuple_SetItem

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

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

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

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

PyObject *tuple, *1list;

tuple = Py_Buildvalue(" (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;

Q)

14. K. RBMS| At 7
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for (i = 0; 1 < n; i++) |
PyObject *index = PyLong_FromSsize_t (i);
if (!index)
return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
t
Py_DECREF (index) ;
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
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 *1list)

{
Py_ssize_t i, nj;
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, 1i); /* 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 */
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(8L 7))
for (i = 0; i < n; i++) {
item = PySequence_GetItem(sequence, 1i);
if (item == NULL)

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

}

return total;

1.4.2 2R

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 )7 01 U S TR E R AL B R e o5 RALBERY S & Bl i i &, RS8R 4
BRI, IR, ERMIRIATHA RS, eI R E N4 I P R )

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
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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:

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;
3
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 */

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

1.6 #& A Python

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

The basic initialization 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_TInitialize () 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_TInitialize () 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. (Infact, this particular path is also the "fallback” location, used when no
executable file named python is found along PATH.) The user can override this behavior by setting the environment
variable PYTHONHOME, or insert additional directories in front of the standard path by setting PYTHONPATH.

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

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

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

A full list of the various types of debugging builds is in the file Misc/SpecialBuilds. txt in the Python source
distribution. Builds are available that support tracing of reference counts, debugging the memory allocator, or low-
level profiling of the main interpreter loop. Only the most frequently-used builds will be described in the remainder
of this section.
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Compiling the interpreter with the Py_ DEBUG macro defined produces what is generally meant by “a debug build” of
Python. Py_DEBUG is enabled in the Unix build by adding ——with-pydebugtothe . /configure command.
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 7 AR RO A, B RAT AT B ME A
o BOMEALRFAS N E X R BLas -

TN LTS TN 2 AT S R 20 13 o
* Downcasts from wide types to narrow types are checked for loss of information.
s FZIWTE RS MBI FIMAE G LI . T35h, RENRTFE test_c_api () Tk,
o B ASEURN SRR AR I B HESE 1
o A E MM TCRARAR IR R TEE , DA R AR T 15 A -
o ISR Z IR ERAIBS M) S A A B R BB AT o
 Extra checks are added to the memory arena implementation.
o GSIAEME R LA

AR SRR B AR 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.

BHRXEZHAMER, 1S5 Python JEISH1#) 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.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

struct _node* PyParser_SimpleParseStringFlagsFilename (const char *st, 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()).

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

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

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

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

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

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

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

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

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

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

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

set to NULL.

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

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

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

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

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

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

3.4 BN RE.

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

3.2 B RE.

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

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

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

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

PyObject* PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. This is the main, unvarnished function of Python interpretation. 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.
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TE 3.4 B B This function now includes a debug assertion to help ensure that it does not silently discard an
active exception.

int PyEval_MergeCompilerF1lags (PyCompilerFlags *cf)
This function changes the flags of the current evaluation frame, and returns true on success, false on failure.

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

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

int cf_flags
Compiler flags.

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

The field is ignored by default, it is used if and only if PyCF_ONLY_AST flag is set in ¢f_flags.
TE 3.8 WP 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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A AR R, B RBARETH, AR RN AL SRR Py_DECREF () .

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

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

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

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

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

4biE

Yo
ik

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 Issuing warnings

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

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

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

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

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

3.6 B fE.

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

3.4 B RE.

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

3.2 B fE.

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

3.6 HIIgE.

5.4 Querying the error indicator

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

The caller must hold the GIL.

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

int PyErr_ExceptionMatches (PyObject *exc)
Equivalent to PyErr_GivenExceptionMatches (PyErr_Occurred (), exc). This should only

be called when an exception is actually set; a memory access violation will occur if no exception has been
raised.

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

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

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

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

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

PyErr_Restore (type, value, traceback);

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

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

void PyErr_NormalizeException (PyObject**exc, PyObject**val, PyObject**tb)
Under certain circumstances, the values returned by PyEr»_ 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.

{ifit:  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 B fE.

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

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

3.3 B .

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 STGINT signal arriving. The next time PyErr_ CheckSignals () is called, the
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Python signal handler for STGINT will be called.

If SIGINT isn’t handled by Python (it was setto 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 il ¢it: On Windows, the function now also supports socket handles.

5.6 Exception Classes

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

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

PyObject* PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyOb-
Ject *dict)
Return value: New reference. Same as PyErr_NewException (), except that the new exception class can
easily be given a docstring: If doc is non-NULL, it will be used as the docstring for the exception class.

3.2 B

5.7 Exception Objects

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

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Set the traceback associated with the exception to tb. 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.
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__suppress_context__ is implicitly set to True by this function.

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.

3.3 UEEBER: 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.

3.3 UG E 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.

30 Chapter 5. REAE



The Python/C API, %47 3.9.0

PyObject* PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetReason (PyObject *exc)
PyObject* PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. Return the reason attribute of the given exception object.

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

5.9 I

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). They are also not needed for #p_call implementations because the call protocol takes care of
recursion handling.

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

If USE_STACKCHECK is defined, this function checks if the OS stack overflowed using
Py0OS_CheckStack (). In this is the case, it sets a MemoryError and returns a nonzero value.

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

where should be a UTF-8 encoded string such as " in instance check" to be concatenated to the
RecursionError message caused by the recursion depth limit.

¥E 3.9 B P4 This function is now also available in the limited AP

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

¥E 3.9 Jix ¥ This function is now also available in the limited API.

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

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

If the object has already been processed, the function returns a positive integer. In that case the tp_repr

implementation should return a string object indicating a cycle. As examples, dict objects return { . . . } and
list objectsreturn [...].

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

Otherwise, the function returns zero and the tp_ 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.
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510 HRERE

All standard Python exceptions 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 Ee
PyExc_BaseException BaseException €))
PyExc_Exception Exception Q)
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 (D)
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedError NotImplementedError
PyExc_OSError OSError (D)
PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError 2)
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration StopAsyncIteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError

Todkst
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Fx1-tn
Python Z#R EZ ]
UnicodeDecodeError
UnicodeEncodeError

C &R
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError

PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateError UnicodeTranslateError
PyExc_ValueError ValueError

PyExc_ZeroDivisionError ZeroDivisionError

33 O ¥ fE: PyExc_BlockingIOError, PyExc_BrokenPipeError,
PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError,
PyExc_FileExistsError, PyExc_FileNotFoundError, PyExc_InterruptedError,
PyExc_IsADirectoryError, PyExc_NotADirectoryError, PyExc_PermissionError,
PyExc_ProcessLookupError and PyExc_TimeoutError /14U~ PEP 3151.

3.5 FRIBE: PyExc_StopAsyncIteration fll PyExc_RecursionError.
3.6 FiRIEE: PyExc_ModuleNotFoundError

XL IR 44 PyExc_OSError:

C AR EZ ]
PyExc_EnvironmentError
PyExc_IOError

PyExc_WindowsError 3)

TE 3.3 U B X 4 1) 44 B 28 2 B ) S 2R
(1) X2 HAbRE w2

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

5.11 FREEE S

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

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

3.2 FRIBE: PyExc_ResourceWarning

R
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6.1 RIERFHER

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

3.6 BRI HE.

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

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

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

3.7 B RE.

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

3.7 B RE.

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

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

3.7 iR EE.
S

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

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

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

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

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

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

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

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

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

¢ the current locale encoding.

Return a pointer to a newly allocated wide character string, use PyMem_RawFree () to free the memory. If
size is not NULL, write the number of wide characters excluding the null character into *size

36 Chapter6. TH



The Python/C API, %47 3.9.0

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.

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

TE 3.9 iR Log the function name automatically.

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

TE 3.6 i ¢e: 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—#EFHH B4 -

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.

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 Py Import_ImportModule (). (Note the misnomer --- this function would reload the module
if it was already imported.)

3.3 Bl Tge.
TE 3.4 R 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
IR WIIR L TR struct _frozen B4, PANULL 8 O/ NE5WARIC. H—rRESHR
PEFA, BIREAERXNRPER =5 FET ALACR SRS B i AR 45 B R A £

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

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
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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 ¥R marshal £

X LEBIRE e VF C ARSAL S marshal BEH T FIAH R Bdss U P SR AR o He oy 28 ek S0nT T DR 48
PE NI FIIAR, T —LE s BT R BB IRIZ . 1T 7 marshal ZC i) SCFA 25 DA — 3k
AT IT
B AELEAFRE I SRR SRR AL T T2k
WA HR SR P AR AS - 55 O UM 7 S RRCAS , 36 1 BRAS 2 E SO marshal Sz 914k b 3 2 [EL Y
FRFH 5 2 AR SO RO IR SN. Py_MARSHAL_VERSTION fH] T 4B SCAFAIMSSL (471
WEA 2)
void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
F—A~ Long FEEL value PA marshal 4§ E A file, X¥FHE A value TR 32 75 IR AHL long
K BEAAT o version 15 PH SO IR AR .
void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
FF—> Python X} 4 value D\ marshal #&X5 A file. version $§W]SCAFA& I AR .
PyObject* PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. i&[n]—A~18 value [ marshal 5 R FETTEEXTE . version $5H] 304
M BIRAS .

PAF R B ALV BT S A7 i A marshal 4% CH){HE .
long PyMarshal_ReadLongFromFile (FILE *file)
MATH T30 FTLE* Bt R ik ml—A4~ C long., ] H R EU REEE 32 (i IME, Toit
ML Long R EEHAT.
KGRI, RFRCEE Y 1) 59 (EOFError) Ffik[A] -1,
int PyMarshal_ReadShortFromFile (FILE *file)
MATHF AT FILE* AN R R ] —A4~ C short . ffif LR AEELEL 16 MPAGME, it
AHL short R EE R,
KAGEIRI, RFRCEE Y 1) 59 (EOFError) Fik[l -1,
PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. N\¥1 1 TIZEUAY) FILE* [1XT N 205 7R [l —14~ Python X4,

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

PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. N\F]TT AT i2BUH) FILE* BY%F M. E0HE i 1% [/l —> Python Xt 4. AI[H]
TPyMarshal ReadObjectFromFile (), MEREUBRERFAFFMIZSCHFEEE Z X5, RifiL
FESCA BRI ZRA NAF, PATE U7 2 At B2 0T DATE P AT A I 5000 45 0 AN A2 B R M S5
BT o A A8 AN 2 FEA SR U] 2B R B XK

KAFERE, R EE S R (EOFError, ValueError B TypeError) iR [F] NULL,
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PyObject* PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. M 1535 1] data 11 len A5 10 57 28 v DX % . 1A 85008 7 3% o] — A
Python %4 .,

KAFARE, HIREEYSH R (EOFError, ValueError B TypeError) iR [H NULL,

6.6 EQMEERTERNF

XL R BN AR H O R A IR K . 3 2 U DA R S B T 2% U] SCRS Y extending-index /Ny .
X BE R A A W w = Ay, PyArg ParseTuple (), PyArqg ParseTupleAndKeywords (), DA

FepyArg Parse (), EATHRE A4 XALF A5 B HNF o8 BOU R 19 2 1008 T ok 2. 3K 2 g 00 (50 0 A
IR A A T4 5

6.6.1 fRITSH

MR TR A 0 B AR 0. — MR BRI A — > Python X4 ; Bl 24>
TP B R AR R ITPS . B T ABBION, — AN ERS 7 1 AR 2 BTGl 0] I 3 48 e 4
W EA B SR, FERE T ORAIA T, XG5 NSRBI, RS O N X A4
FCHITHY Python XFG2EA; J5fh5 [1 WAYZ LY C A (R R KL,

FHENZEX

XA AL VFRF X R 7 BRI N AP BB AT U5 I o AR EEFE LR 1] £ unicode 744§ B 717 XY
JE AR AT i o
— Y, YRR E R R AP X, XA G X ] DALY Python XFRAEHE, I

Hix Ao KA A R A . A TFEICHREUEAT NAEaS ] . BT iX2E es, es#, et and
et#.

IR, q—APy_buffer FEMGIRME, HALS RGP XEBUE, B AR A ETER S 6 X e X, B
fifEPy_BEGIN_ALLOW_THREADS Hrft, W] DAY n] AR5t PR Ay Y B R/ INE s B S8ty e i) XU o
I, AR PyButfer Release () FEARGEAUEAR I AL BRI (85 AEZ BATAT B0 )

BRAEA AV, Znh XK@ A S PAS L IR

kg T B B bytes-like object, I U E P8 EF OS2 % o X G5 . A ] 0T R AR &
W PyBufferProcs.bf_releasebuffer FEr 27 A NULL R EVEVEN , iZFERA N bytearray
XFER AT AERT 42

HfR: e # FhER (s#, v#, F%), KIEESHZA (B84 Py_ssize_t) £ Python.
h 3k 2 B PY_SSIZE_T_CLEAN M E L. WX A EME L, KER—1 Py_ssize_t
Python JTI/NEBIMIAZE—4> int AL, FEARA) Python fUAHURF 2 22E, HHE Py_ssize_t MK
FYHE int B, BiF—HEHE N PY_SSIZE_T_ CLEAN X%,

s (str) [const char *] f—> Unicode X RELHN— M FAFHRY C Fa4t. — MR — P E LA
TERFATH, EATFAFERACE IR e N PR AR . C P 2245 . Python FAFHRA
BB S IR AR TCRUW AU /0 Wk, —4> ValueError SR &5 %K. Unicode X RYIHAL
'ut£-8" HfGH C PR WIRFEHRIN, —4> UnicodeError FHHHEI K.

FER: 1 Bk A B bytes ke objects. W IRELE T PF R BT E N LR, C A5,
I 08 FAXAAPyUnicode FSConverter () YR #1L& 3,

T 3.5 S AR, 24 Python 47 H rPil %I T ik ARY null RS & 5% TypeError .
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s* (str or bytes-like object) [Py_buffer] X3k 5Z Unicode N4 22 RAN L. BN
W BB Py _buffer Z5MIRIE. XHEEERE C FEAHA R &k AR NUL 775, Unicode %
ST 'ut£-8" iR C TR

s# (stx, Hikbytes-like object) [const char *, int or Py_ssize_t] 4 s*, [ T ENEZSHNN S, 45
RMEFEWIAS C AR, 52480 CFAHR MR, B MR EKE. PR TR &k
AR null 745 . Unicode X Rl "ut £-8" FalfE b C FAFH .

z (str or None) [const char *] 5 s 248l {H Python X} LA HEH None, FEXFMEN T, CfaEHLE N
NULL,

z* (str, bytes-like object or None) [Py_buffer] 5 s* 24{2], {H Python ¥Rt fEN None, FEXFIEFN
F, Py_buffer £ buf KR E N NULL,

z# (str, Hifbytes-like object 8§, None) [const char *, int 8 Py_ssize_t] 5 s# J5{0, {H Python X4 th
A[HEH None, FERXAMESL T, CH5%EXE A NULL,

y (read-only bytes-like object) [const char *] X A~FIK ARG — A FFATI BN LI N — 8 1 FAFER Y
C f5%t; B AR#EZ Unicode X5, 45 ZAF KA S HR AR null 52455 ARAE T null 55,
&5 %—A4> ValueError B,
TE 3.5 MUCHE B PATT, 475 o KB 3| THRA M null 295425 & TypeError

y* (bytes-like object) [Py_buffer] s* f)A5, A% Unicode X%, REEZIFRAAE, X e
RER B AR 7 58

vi# (N Sbytes-like object) [const char *, int 8§ Py_ssize_t] s# (A5, A3 Unicode %1%, Higszdk

S (bytes) [PyBytesObject *] 23K Python X4 °h bytes X4, ANZEXIATAEMEFEAR . WMFRZITZAH
bytes Xf 4 £x5] % TypeError., CASRMWAIPFEIAryobject * JH,

Y (bytearray) [PyByteArrayObject *] 5K Python X4} bytearray %5, Nk L. 1
RIZXZAN bytearray MRMAT|K TypeError. CASRW AT HENPyobject * KA,

u (str) [const Py_UNICODE *] }—~ Python Unicode X} 5 54k i 45 1] — 4~ PA%S 2 114 Unicode F£74%
DIKHHEEY . AR A—APy_ONTCODE JREHASRHHBAL, {7 T — 1A EL 2472 Unicode
GO K6 . TE R Py UNTCODE JIAY AT RO T A1V (16 fL80% 32 ). Python
FHERAUR B 2 AR noll (R4 WURAT, 51% A ValueBrror 5.
TE 3.5 MUE S PART, 24 Python 45 H Hi B Tk AW null f{45 55 255| % TypeError .

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

u# (str) [const Py_UNICODE *, int 8 Py_ssize_t] u (28R, FEW C AR, H—MReHEm—
A~ Unicode HHHZAEX, B A2 ENEKE. B null A4,
Deprecated since version 3.3, will be removed in version 4.0: X2 |HEE R Py_UNICODE APL; i&1E %
ZPyUnicode AsWideCharString().

Z (str 5§ None) [const Py_UNICODE *] 5 u 241, {H Python %f %t 7] fE & None, 7F X Fh 1% i
TPy _uUNICODE #8418 & NULL,
Deprecated since version 3.3, will be removed in version 4.0: X2 |HEE Py_UNICODE APL; i 1F %
ZPyUnicode_AsWideCharString().

Z# (str 3¢ None) [const Py_UNICODE *, int 8§ Py_ssize_t] 5 u# Z5{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 %
Z$PyUnicode AsWideCharString().

U (str) [PyObject *] %izK Python X§4 4 Unicode X§ %, AR TE(T e . WHRIZXTSA A Unicode
X545k TypeError. CASRM I HHPyObject *,

w* (W[ i G bytes-like object) [Py_buffer] XN FAAIEZATATIL I AT P25 G AF K R4 . BRI
Rt Py buffer ZEIRME . Zeoh IXPTREAAAE IR AR null S50 24 Z8oh DX 58 i 0 1 2 9 2]
K PyBuffer Release ().
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es (str) [const char *encoding, char **buffer] s 12, B ¥4 51 Unicode ZIFEANFFE MM IX
B A A ik NUL “F5 1 2 gmhs i -
WA FEHANSE. E—MUHER A, HHUHh const char*, Ef8[H—4PA NUL 2%
PR RN A U AR, BN NULL, XFORMA] "ut£-8" Ziidig=X. 124 Python Jg
RIS A RN 5 R 75 . 8 ASEWATUN charr*; BTSN FEEHMER gl
HSECARNENGZMNIX . SCARF AR — DS EOT 2 i ks X T4 5 o
PyArg_ParseTuple () £ BL—AN B K/NWZE WX, R4 I M EdE T DL A~ g ah X H
W *buffer 5] HXAF A TR NAFEZS B WHERATUEEM G PyMen_Free () ZREC &
BRI MIX

et (str, bytes or bytearray) [const char *encoding, char **buffer] fl es H[F], & T AMHERGEA
ARG . MR, ERIEE ARSECE LG AT R IR AY,

es# (str) [const char *encoding, char **buffer, int 5} Py_ssize_t *buffer_length] s# 145z, BRE

Zifh i) Unicode “FPAFFATFATZ X . AR es Tk, B AREIRE L NUL F4F.

EREEASHC HDMURERA, HHAHCN const char*, BIRE-—igHEA4K, B
LA NUL 5 FAFH B NULL, FEJG—F 0L PR " ut £-8 " Zifdsa. WRmADHEA44
FRICIERL Python IR BN 5| K. 5 ANSHULHUN char**; BRG] EHER g
ASECCANEN G X o SCARFFAE — SR E g i X Tt . 265 =S 1k
I —HER R ET s W5 1 B HRBCRF B it Gk DX b ) 5

A PR AT

U2 *buffer 417 NULL #5851, W eRECR BT R/ Gt X, R340 T 1 Bt 52 ) 2] e e X, 5%
B *buffer LA THT > BCRI 76 o RN ST PyMem_Free () DAFERE S RERT BRI 2T X

AR *buffer 5 9E NULL 851 (E0EMZEIX), WPyArg ParseTuple () ¥ I EEH
e X, K Fbuffer_length (IR IGIEMRE N Z M IX KN RIG, BI-E 9 B 5 6 2 g oh X,
HEIE. WEREMXAGEL, FiE—) valueError,

XN BITH, *buffer_length RS B 4 J5 45 A NUL (8RB

et# (str,bytes 5§ bytearray) [const char *encoding, char **buffer, int 3} Py_ssize_t *buffer_length]
M oest HHF, BT AHAERGEANFERENS . HE, BHREEANSECE WG G FAFE R
o,

3
b (int) [unsigned char] Ff—/~3E 1) Python 2RI AV il — AN TEARF S IO RUESY , 77— Cunsigned
char 258,

B (int) [unsigned char] X — > Python #& B ¥4 {b, ji — A ol 88 B4 I O 25 i o 00 A8, ARG — 4> C
unsigned char i,

h (int) [short int] f—> Python B AL i —A4> C short int 437,

H (int) [unsigned short int] 3f—~ Python B AU4E 4k i — C unsigned short int AT SEHEEAY,
H ARG A i 4 17 R

i (int) [int] $f—> Python FERUFL T —> C int FEHL,

I (int) [unsigned int] £/~ Python BRI/~ C unsigned int JEfFSHEAL, FH AR AN H 7]
Hi
i

1 (int) [long int] $—> Python 3R EEAL i —4 C long int KA,

k (int) [unsigned long] f—~ Python &M EE(V ii—14 C unsigned long int TS KEBAL, HA K
B H )

L (int) [long long] #—4> Python %A  ii—~ C long long KK,

K (int) [unsigned long long] #—~ Python &A% (L if— > Cunsigned long long ff5K KA,
FEAKE AL i ) )
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n (int) [Py_ssize_t] ¥f—> Python B RIEL(L fli—4~ C Py_ssize_t Python JuRK/NEZY,

c (bytes ¥ #i bytearray KJ¥4 1) [char] K> Python FFH5JE%, W— MK JE N 1 ) bytes 5
bytearray X%, FLm—" Cchar FRFHA.

TE 3.3 JREM: foiF bytearray FERAITA .

C (str KJEA 1) [int] 5> Python F4F, M—PKEN 1B str FRAEPXTS, FLm—4> C int B
RA,

£ (float) [float] Kf—> Python 3% &AL —/~ C float J#5i%K.
d (float) [double] H§—~ Python j fi %L l— 1> C double XUKGREVE sS4
D (complex) [Py_complex] {f— Python & $2 44k ii—4~ C Py_complex Python S (257,

Hipxtx

O (object) [PyObject *] ff Python X5t (RIHATILATHAR) Trffife C XIgdsst . Hit, CRFHEICE
BASEERXTR . WRIYTI RN 2R . fEAERTRE A 2 NULL.

0! (object) [typeobject, PyObject *] K§—~ Python X G247 A—~ C X4 46%F . XEMT o, (HR2HEZH 1
C 2% 55—~ J2 Python 25BN (il , 85 AN EAEMERT S 35411 C Zs g CRAL R Pyobject %)
k. QSR Python X5 R HA FrEisk sy, M&x5| % TypeError,

O& (object) [converter, anything] i id—> converter PR —~ Python X454 y—A4~ C 455, R %k
ZWANSE: HAN R, AR CARRE GREUERE) MHbhl, $4h void * 2884, converter
PRECRE A T =k o -

status = converter (object, address);

Hp object 2 FFFEAY) Python XF 41 address &4 PyArg Parse* () AR void* B4, i&(H
(1) status 240N 1 AREFEAR R DA 0 BRI, S54RI, converter BREN 245 | K 54
I H.2x1k address N AR FFARABCIRAS .

2R converter &[] Py_CLEANUP_SUPPORTED, NUNRSEMRNTIRZ R, ©nl g FR %
MREL, MM AR A LR E AR NAE . EE A, object Z406 4 NULL; I,
ZSEN A NULL; H G, 2S5 NULL, L, SN NuLL S (R E) & O NULL
address W{H5 J5 4G WY b B (ELAH ] o

1E 3.1 BUE ) Py_CLEANUP_SUPPORTED #§ Ul o

p (bool) [int] ML AWM E NE (— MR FIW FH B EER AL ATV C true/false HEALE .
WMRFXRAHEE 1, BNE 0. BHEZMEMEVAN Python {H. £, truth FRIH £ 5T Python 41
ap I AR R
3.3 HiPine.

(items) (tuple) [matching-items] %} 507052 Python 741, BRI R items g E TR . CZ
AR items HERE— D SL ISR BT, JPH P IRE R IT A BB IR E

%356 " long” FEAY CREAU ML TP 5 1 LONG_MAX BRI 21T BERY, SR HEA T 24 18 A ——

T BN HEOR B 5 BB (BRI (58P b, C i 5 RAETE PRI SLA 586

AL R AE T e R AR E) .

R AT iy — S8 A ) F AR B RRIR A Lo X BT I N IR EAE RS 1. B

| WL Python Z45| K F R ISR & T . C AR B I 1) AT Y S 4075 BRI R Ak R BRIAE
— MAESHOATRERS, PyArg ParseTuple () ANREVFHAHNE C 28 & (EHE) A .

$ PyArg ParseTupleAndKeywords () only: FKWITE Python Z4451) 3%t T 1) 2 Bl 2 ot i %
ZH. MET, AR ST SRR RS, TS E AR R T | W —EAE S R
[

3.3 B fE.

£
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A BRICH I REE AR B R PR ER BRI BRI B P R B8 (PyArg_ParseTuple ()
BREG I “RBR(E” 5.
;%éfﬁ%ﬂ%%ﬁﬁ%;ﬁ%ﬁ%?ﬁ%ﬁ%%W%%ﬁﬁﬁ@ﬁﬁ%%%ﬁﬁﬁo:ﬁ;mﬂﬁ

FERAEAT ] 2 B 3t Python YR 52 45 ka9 5115 AZLEBENHT T

B 2 I L R B RN S 2T s A A A A R AR B At 5 X SR FH RAT At i A G AL
ARG, AN BT AR R IC R IR, RSB A A TS T . BTN
DEPCE E A R A% BT

N T AR, arg X GV ECAE 2O BAR U AU . NG, PyArg Parse* () B%URIT true,
Sz AR false I H5| % —AEE R . 2HPyArg Parse* () RPN NR— MG HICHALK K
TSR IGCIRE - X6 R ) A B I 2 A 2 B et il A PR 2 RS X B

API B ¥

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
fENT— RN 28, Rk SEAES AL E T AN SR TR AE & . R E true; RIGR[E]
false 7 H5 | K AH I 75 o

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[], ...)
TR B2 RO S B S A ) I e 8 ey A B BRI S5 keywords Z 802 KT SAU4 R
H) NULL 2 B 804H . 254 FRFE R positional-only parameters, IR A true; & AR, ¥ E
false F5 | A AH NI 5775 o

T 3.6 BB YN T positional-only parameters 1) 3 35 .

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format,
char *keywords[ ], va_list vargs)

MPyArg ParseTupleAndKeywords () fH[A], SR EREZ—A va_list ZREI S H0M A =2 0] A5 %k
HIWSEUE.

int PyArg_ValidateKeywordArguments (PyObject *)

TR L S VIS S B I G < P = S PR > O M eI OO G I
T PyArg ParseTupleAndKeywords () A HMIE LT, JF&HC LA HMXHFE R
.,

3.2 HrihfE.

int PyArg_Parse (PyObject *args, const char *format, ...)
BRECH I RATHY “IHZRAL” B SHIFR X SR U I 1 METH_OLDARGS AT % E
M Python 3 WAk . XA T B AU R S BT, IF HAEARERPRE S TP R 2 H IS B wlg
%, EAHHTZEN. BRI T AL, SRl RE R i A~ H AR ] .

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

—ANERIRASEEEROT R, B AR € SHCRAL. X R R R IS A R
B AR B RS I METH_VARARGS . A& 5L SEUN T 415 args e A5 E
WA S — A Ie . JTCHI K LA R DR min 3 HANE IS max; min Fl max W REAHSE . FRAMEY
SRR E ANREL, TS EAR— MR Pyobject * 28 g FaEr: BEAIRFLARH args 1A
B e EEEMG I XTSRS A RN W args 45 th IR ENTRBRIEAE
KANUEAC . BERRBINAT LTI IR [0l EAE, AR args AN @ Jogl sl 8 A & Al iR A 1 o 2 R [RMER(E
AR T R PRF R — A 7

KRR B R B, BUA _weakref i BIARHTI R S505 |H AJEACHS -

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

Q)
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PyObject *object;
PyObject *callback = NULL;
PyObject *result = NULL;

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

return result;

}

EM TR PyArg UnpackTuple () BN TR PyArg ParseTuple ():

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

6.6.2 BIETE

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

Return value: New reference. 21250l T-PyArg Parse* () R R F— R VE PSR F 4801 2

BE. TE IS IRAT IR B NULL; AR ] NULL, K55 K 5% .

Py_BuildvValue () FA—HAE—NITH. HAEYE WSR-S A 2 4%

TTA @ ICH ., MRS 22, Bk None; WEREMAS—MELHIT, BiRkE

F A% S FRICHAR I AR — X5 o H RG-S 2 A% AL A BB v DABR 3l B R ] — N KU/ R 0 B3 1 1)

JG.

2 INFF AT X B LS BOE A% 18 R M XS 2w, s Fl s# A8 BRTT, 23 DI 2L

. RN XM REA S Py _Buildvalue () B)Z2EINSRGH. A5G0,

FARB RIS malloc () I HAFRCHI NAF S84 Py _Buildvalue (), AREIAISHEAE T3

{EHEPy_Buildvalue () IREIFEM free ()

FET SRS, W5 SR E T BRES O WIS IoR ZhR [ 9 Python Xf 4

RA FIES (1 WA 2LiE) C As i (B a4E) rY2eAl,

FAHEIMASHE, $RA, B9 MESERAEFEIT R h 28 20 (B2 Ao, Wsh). X

AT DAEARA g b A B A T A 0 P e

s (str B None) [const char *] {#[f] 'utf-8"' JiDKES LK IR C FAFER 2l Python str X4,
Wk C 45454 A NULL, WA None.

s# (str 5§ None) [const char *, int 8} Py_ssize_t] ffif] 'utf-8' 4i%¥ C /e N H K FEE
224 Python str X5, MR CFAFERFEE A NULL, WK BERFREZ0%, H3& 1] None.

y (bytes) [const char *] jX(f C FAFH #4 ) Python bytes Xt5. QIR C FAFHR R4 NULL,
NJ3R [|] None,

y# (bytes) [const char *, int 8§ Py_ssize_t] iX&Kf C FAFH M HAK B —4> Python X4,
W% C FAFE 455N NULL, WA None,

z (str or None) [const char *] fI s —#f,
z# (str B None) [const char *, int B Py_ssize_t] fll s# —FF.

u (str) [const wehar_t *] JF25 2 [F 1Y wechar_t [ Unicode (UTF-16 5 UCS-4) ¥R 22 o X %460
>4 Python Unicode %f4¢. #I5f Unicode ZZp X 35415 NULL, N[5 None.

u# (str) [const wehar_t *, int 8¢ Py_ssize_t] ff Unicode (UTF-16 B UCS-4) %{iEZEap X H
K B 454 Python Unicode X§42. I Unicode & X454 4 NULL, WK FER9E 20, HHiR

[A] None,
U (str 5§ None) [const char *] fll s —FE,
U# (str 3§ None) [const char *, int 8§ Py_ssize_t] il s# —FE.
i (int) [int] Ff—4> C int BEAFL{L A Python BEAIXT 42
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b (int) [char] Kf—> C char “FRFRFEALAL Python FEAINT 4 .

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

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

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

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

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

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

K (int) [unsigned long long] ¥ —> C unsigned long long JTofF5 K KIEAIEE AL Y Python %
EEPOE 8

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

c (bytes KJ¥H 1) [char] ¥4~ C int BA R FZFF4440 A Python bytes KN 1 [HF%T
%,

C(stx KR 1) [int] $§—4> C int BARIFAHELI N Python str KN 1 IFAFHRXTE
d (float) [double] ff—4~ C double BUEEEIF ALk Python 7 SACR A

£ (£loat) [float] f—1> C float HUREEEE MU 1L Python i SR ALEF

D (complex) [Py_complex *] Kf—> C py_complex RBPEHH (L Python S ERAL,

O (object) [PyObject *] ¢f Python X} G % ik AAE (G| H BRI, &IT48h 1 #4) . ik
AWIXT & NULL $84t, WBOE X2 BT 28 S E0ny 8 4 IS 320 1 8 R s i 5 [ 1
Hlt, Py_Buildvalue () iR NULL, HAL5]ERH. WHRM KT AR, WKE
SystemError,

S (object) [PyObject *] F1 0 fH[A.

N (object) [PyObject *] #1 0 AH[F], SR EFHAMEMATZE5I T4 ML\ S 8RBt
GG AR O R S AR S .

0& (object) [converter, anything] it converter BRECE: anything %36k Python %14 . 1% pR ER F ih 2>
& anything (W5 void* 2 1ERNSHOT HW 43R Bl —A> “Hrag” Python Xt4e, i M4k
A BRI [B] NULL.

(items) (tuple) [matching-items] f—> C 7 &7 5145 i, Python JTZH H CREFAH R ST R AR .
[items] (list) [HIRAYICHE] Kf—> C AL R FHIHAG AL Python 5 R IFOREFH Y T R AR
{items) (dict) HIXMIEH] A5/ C AR HUL Python 75, 45— XHIELAY C 25 B
H—ATCEBATIA, 2RI K RIME .
SRR R I A R, WE SystemError S FFiR ] NULL,
PyObject* Py_VaBuildValue (const char *format, va_list vargs)

Return value: New reference. 1Py _Buildvalue () fH[E], SR EREZ— va_list XIS ET A =
A 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
FLBARIRLR sor[Fsize-1] FER I BHIRZIE '\O " o« BENIMAG ML size 717 (IS5 '\0" ) F|F
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
XS pRE R B (rv ) B BE DA R0 AR -

* M0 <= rv < size, HiliFEHEINMH v NMEFRBA sor (NEARR str¥[*rv] 1) '\O" 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
MR endptr & NULL , FBEANFRFE. 51k valueError Jf HaR | -1.0 WIRFEFFRE A LT
A R 2k 07 3

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 B fE.

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

TREAR D KNG . ZRBILFS stremp O BT/ M, R ERN TR,

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 (void)
Return value: Borrowed reference. 1R |11 24 Fi PAAT I A B BR B0 7310, A0 R 2 T8 A WUEAE AT, )
1 ] ZR RS Y RS -

PyObject* PyEval_GetLocals (void)

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 (void)
Return value: Borrowed reference. iR [\ 24 HHA T 42 fEy A8 S 2L, A0SRV A 24 BT P01 T 1 it 3% [m]
NULL,

PyFrameObject* PyEval_GetFrame (void)
Return value: Borrowed reference. j& [] 4 Fi & ARRAS ML, A0SR BEA S BT T R MR [8] NULL,

i S PyThreadState_GetFrame (),

int PyFrame_GetBack (PyFrameObject *frame)

I frame Sy~ — > HEE

R ARG, AR frame A7 SMHRWUIR [E] NULL,
frame W/ NULL,

3.9 B I HE.

int PyFrame_GetCode (PyFrameObject *frame)

L frame HICHY
R =55 .
frame WA R NULL. £554 (Wi RES) REEHN NULL.
3.9 B fE.
int PyFrame_GetLineNumber (PyFrameObject *frame)
PR frame 24 B IEAEHRATIIFTS o
frame WMWK NULL,
const char* PyEval_GetFuncName (PyObject *func)

WA func ZpRE. KBRS, WEREIERZAFR, BRI func FIZERLHI 45K

const char* PyEval_GetFuncDesc (PyObject *func)
HRAE func W2 BLIR AR FAFER o 3R [HE A5 R EFI 7 ¥A17()7, 7 constructor”, ” instance” F1” object”.
YpryEval_ GetFuncName () WZEHRERE, 458K func A .
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6.9 mAFEDREMSZIRThEE

int PyCodec_Register (PyObject *search_function)
A7 04 G AR A st 1 2% BRI

PEREIWEN, HE2m#k encodings 40, WRMARSEM, WHIPRE IRAAL TR KGR F—
(e

int PyCodec_KnownEncoding (const char *encoding)
HABRENH 25 3E encoding H)Jw it 215 CAFAEMR ] 1 50 0. IR B REISCE .

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

Return value: New reference. 17 B nfiiih a8 B AN 9w APIL,

object [ B errors it & LR IRAC IR VAL IR 45 7€ encoding (M) 9mASER R4 . errors A DAH NULL 3
AN A b BT E SRR DT VR - AR 2 2 i 28 W 25| & LookupError,
PyObject* PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)

Return value: New reference. 17 B nfiiit 45 B AN fi#AY APIL,

object [ 11 1 errors it & LA ERAL BT VAL 1B 25 7€ encoding WIFRIGERBREL . errors W DAA NULL 3
AN R RS s T SO BN TV . ISR A B S fR g e £ 5] % LookupError.

6.9.1 Codec ZE#; API

TE T IR, encoding “FAFHR A LI HAIN /NG FRHE, XA 13 AL 2 4 4 5 s X5 o
XN G AU WERAR R BULAT i S A% , A KeyError Ji& M| NULL,

PyObject* PyCodec_Encoder (const char *encoding)
Return value: New reference. " 45 € ) encoding FRIL—A~ 9w ea K%L .

PyObject* PyCodec_Decoder (const char *encoding)
Return value: New reference. "% € ) encoding FREL— Mg 28 KA.

PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. "% € ) encoding Bl —4> IncrementalEncoder X4 .

PyObject* PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. "% € ) encoding Bl —1~ IncrementalDecoder X% .

PyObject* PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. "% € ) encoding $BL—1> St reamReader ) %L,

PyObject* PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. " %5 E W) encoding $BL—A~ StreamWriter L) K%L,

6.9.2 FF Unicode iBsEiRMBIEERFIEM = API

int PyCodec_RegisterError (const char *name, PyObject *error)
TEZ S name 2R R AL P T VR B AL error. 2[RIV BB BCRFAE— 19 ARAL 25 168 3 TEk S 1)
FEITEVE SR ) 519 B I H. name 335 7E 4 encode/decode e %5 I 1) error JEZ: N i 4m A o K
P A .

Z Bl o K OB & ¥ % — > UnicodeEncodeError, UnicodeDecodeError &{
UnicodeTranslateError WSEGIVE R M S E, H & 56 T4 B A 50537 75 )
HAE G175 s A5 5. (32 R Unicode Exception Objects | fRFEIUNAT B BN ) o %m0
BRE NG | 45 E ) S, BOE R ] — AN S A 00 0 KA 4 A i — o, PA R — 3R
IS R REE, R P A E AT 26 B AR G i R A

PR [E] <0, RIBISR ] -1
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PyObject* PyCodec_LookupError (const char *name)
Return value: New reference. X 3RAE name 22 N1 S8R AL FE B R . VB M4FRMI3A 7T DA A NULL,
TE IS 0 B B4 5 strict” A48 5 A T (0] 8 R 25

PyObject* PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. 5| % exc VN5 .

PyObject* PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. 2% unicode 5%, Bkid4SiRATHI A

PyObject* PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. f§iJf] 2 8% U+FFFD %4t unicode 4 fd%E % .

PyObject* PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. i [f] XML 475 | Fl %4t unicode Jfid iz .

PyObject* PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. i [l SRHTHE LAF (\x, \u Fil \U) Z#t unicode iR,

PyObject* PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. {iJ]] \N{ . . . } ¥ X £33 unicode g4tz .

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).

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

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

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

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

PyObject* PyObject_Type (PyObject *o)
Return value: New reference. When o is non-NULL, returns a type object corresponding to the object type
of object 0. On failure, raises SystemError and returns NULL. This is equivalent to the Python expres-
sion type (o). This function increments the reference count of the return value. There’s really no rea-
son to use this function instead of the common expression o—>ob_type, which returns a pointer of type
PyTypeObject *, except when the incremented reference count is needed.

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

Py_ssize_t PyObject_Size (PyObject *o)

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

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

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

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

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
Map the object key to the value v. Raise an exception and return —1 on failure; return 0 on success. This is
the equivalent of the Python statement o [key] = 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 *0)
Return value: New reference. This is equivalent to the Python expression dir (o), returning a (possibly empty)
list of strings appropriate for the object argument, or NULL if there was an error. If the argument is NULL,
this is like the Python dir (), returning the names of the current locals; in this case, if no execution frame is
active then NULL is returned but PyErr_Occurred () will return false.

PyObject* PyObject_GetIter (PyObject *0)
Return value: New reference. This is equivalent to the Python expression iter (o). It returns a new iterator
for the object argument, or the object itself if the object is already an iterator. Raises TypeError and returns
NULL if the object cannot be iterated.
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7.2 TROY Y
CPython SZHFPIFIA R B ML tp_call NI

7.21 tp_call tipiY

W tp_call IRISLHIEZTIRNE . RO N

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

A call is made using a tuple for the positional arguments and a dict for the keyword arguments, similarly to
callable (*args, **kwargs) in Python code. args must be non-NULL (use an empty tuple if there are
no arguments) but kwargs may be NULL if there are no keyword arguments.

This convention is not only used by #p_call: tp_new and tp_init also pass arguments this way.

To call an object, use PyObject_Call () or other call API.

7.2.2 The Vectorcall Protocol

3.9 B fE.
The vectorcall protocol was introduced in PEP 590 as an additional protocol for making calls more efficient.

As rule of thumb, CPython will prefer the vectorcall for internal calls if the callable supports it. However, this is not
a hard rule. Additionally, some third-party extensions use #p_call directly (rather than using PyObject_Call ()).
Therefore, a class supporting vectorcall must also implement tp_call. Moreover, the callable must behave the
same regardless of which protocol is used. The recommended way to achieve this is by setting tp_call to
PyVectorcall_ Call (). This bears repeating:

e A class supporting vectorcall must also implement tp_cal 1 with the same semantics.

A class should not implement vectorcall if that would be slower than #p_call. For example, if the callee needs to
convert the arguments to an args tuple and kwargs dict anyway, then there is no point in implementing vectorcall.

Classes can implement the vectorcall protocol by enabling the Py TPFLAGS _HAVE_VECTORCALL flag and setting
tp_vectorcall_offset tothe offsetinside the object structure where a vectorcallfunc appears. This is a pointer
to a function with the following signature:

PyObject * (*vectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kw-
names)
* callable is the object being called.

* args is a C array consisting of the positional arguments followed by the values of the keyword argu-
ments. This can be NULL if there are no arguments.

* nargsf is the number of positional arguments plus possibly the PY_VECTORCALL_ARGUMENTS_OFFSET

flag. To get the actual number of positional arguments from nargsf, use PyVectorcall NARGS ().

e kwnames is a tuple containing the names of the keyword arguments; in other words, the keys of the
kwargs dict. These names must be strings (instances of str or a subclass) and they must be unique.
If there are no keyword arguments, then kwnames can instead be NULL.

PY_VECTORCALL_ARGUMENTS_OFFSET
If this flag is 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.

For PyObject_VectorcallMethod (), this flag means instead that args [ 0] may be changed.
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Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
PY_VECTORCALL_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to make
their onward calls (which include a prepended self argument) very efficiently.

To call an object that implements vectorcall, use a call APl function as with any other callable.
PyObject_Vectorcall () will usually be most efficient.

i iR In CPython 3.8, the vectorcall API and related functions were available provisionally under
names with a leading underscore: _PyObject_Vectorcall, _Py_TPFLAGS_HAVE_VECTORCALL,
_PyObject_VectorcallMethod, _PyVectorcall Function, _PyObject_CallOneArg,
_PyObject_CallMethodNoArgs, _PyObject_CallMethodOneArq. Additionally,
PyObject_VectorcallDict was available as _PyObject_FastCallDict. The old names are
still defined as aliases of the new, non-underscored names.

B3

When using #p_call, callees do not need to worry about recursion: CPython uses Py_EnterRecursiveCall ()
and Py_LeaveRecursiveCall () for calls made using tp_call.

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

Vectorcall Support API

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

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

However, the function PyVectorcall_NARGS should be used to allow for future extensions.
This function is not part of the limited API.
3.8 Frh e

vectorcallfunc PyVectorcall_Function (PyObject *op)
If op does not support the vectorcall protocol (either because the type does not or because the specific instance
does not), return NULL. Otherwise, return the vectorcall function pointer stored in op. This function never
raises an exception.

This is mostly useful to check whether or not op supports vectorcall, which can be done by checking
PyVectorcall_Function (op) != NULL.

This function is not part of the limited API.
3.8 FrIIfE.

PyObject* PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
Call callable’s vectorcall func with positional and keyword arguments given in a tuple and dict, respec-
tively.

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

This function is not part of the limited API.

3.8 BN RE.
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7.2.3 Object Calling API

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

The following table summarizes the available functions; please see individual documentation for details.

B callable args kwargs
PyObject_Call () PyObject * | tuple dict/NULL
PyObject_CallNoArgs () PyObject * | --- -
PyObject_CallOneArqg () PyObject * | 1 PXT4 ---
PyObject_CallObject () PyObject * | JLH/NULL | ---
PyObject_CallFunction () PyObject * | format ---
PyObject_CallMethod () X% + char* | format -
PyObject_CallFunctionObjArgs () | PyObject * | A[ARZEL —_—
PyObject_CallMethodObjArgs () X% + ZF5 A S A -
PyObject_CallMethodNoArgs () N + 4 -—- -
PyObject_CallMethodOneArg () X% + ZF5 1 X5 -
PyObject_Vectorcall () PyObject * | vectorcall vectorcall
PyObject_VectorcallDict () PyObject * | vectorcall dict/NULL
PyObject_VectorcallMethod () S+ & FR vectorcall vectorcall

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

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

SN IR M EESR ARSI — 7 3R 1] NULL .
This is the equivalent of the Python expression: callable (*args, **kwargs).

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

IR IS5 5R, AER ORI — A58 9 3R [u] NULL,
3.9 B e

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

TR R 455 ARSI —A 8 FE R [a] NULL.

This function is not part of the limited API.
3.9 i Hhe

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.

BRI G55 7 2R IOl — > 78 3% 8] NULL,
XEEMT Python FiAH 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.

SRR IS5, AE R ORIt — 55 IR [m] NULL,
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XEEMT Python FikH callable (*args) .

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

TE 3.4 JiUEE P 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.

IR PR FE R Nl — A8 Ik [7] NULL.
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 fUH L The types of name and formar were changed from char *.

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

BCEIIF IR BIER AR R MOl ) — > e R 8] NULL.
XA Python k3 “callable(argl, arg2, ...)“2—FEH .

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

SRR IS5 5R, AE SRR — A5 IR [u] NULL.

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

SRR IS5 5R, AESR ORI — A5 IR [u] NULL,
This function is not part of the limited API.
3.9 i Hhe

PyObject* PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
Call a method of the Python object obj with a single positional argument arg, where the name of the method
is given as a Python string object in name.

SR IG5 ARG — A5 F R (9] NULL .
This function is not part of the limited API.
3.9 HriHhe

PyObject* PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwnames)
Call a callable Python object callable. The arguments are the same as for vectorcallfunc. If callable

supports vectorcall, this directly calls the vectorcall function stored in callable.

IR IS5, AR R ORI — A5 5 9 3R [m] NULL.

This function is not part of the limited API.

3.9 Hrh Tk
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PyObject* PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, Py-
Object *kwdict)
Call callable with positional arguments passed exactly as in the vectorcall protocol, but with keyword arguments

passed as a dictionary kwdict. The args array contains only the positional arguments.

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

This function is not part of the limited API.
3.9 FrihfE.

PyObject* PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, Py-
Object *kwnames)
Call a method using the vectorcall calling convention. The name of the method is given as a Python string
name. The object whose method is called is args/0], and the args array starting at args[I] represents the
arguments of the call. There must be at least one positional argument. nargsf is the number of positional
arguments including args/0], plus PY_VECTORCALL_ARGUMENTS_OFFSET if the value of args[0]
may temporarily be changed. Keyword arguments can be passed just like in PyOb ject_Vectorcall ().

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

SIS IR R EESR AE SRR HE — > F & 1] NULL .
This function is not part of the limited API.

3.9 BRI HE.

7.2.4 Call Support API

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.

7.3 #Fhil

int PyNumber_Check (PyObject *0)
SRR o RAECF AL, IRIFIEL 1, AR MR . XA RS SR R I

e 3.8 BUHE: U1K 0 22— KRG IHEBR ] 1.

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. IR 7] ol . o2 #NNAIZER , AR LIM, 1R\ NULL. 24T Python Fik=
ol + 02,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. 12[7] ol I8 7= 02 WIZEE, WL LM, 12[H] NULL., Z84)F Python k=
ol - 02,

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . 02 FHIEMILER:, IR LM, 1&[H] NULL, 24T Python k=

ol * 02,

PyObject* PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. i&10] ol . 02 fOEMFIFIERIZET, WKL, 1R NULL. Z84T Python
FiaX ol @ o2,

3.5 B fE.
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PyObject* PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12 [0 ol DA 02 W] FECE G455, RN, 1&[H NULL. 46T
ARG WEEEIRYE .

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 1&[0] ol DA 02 HI— PSRRI IELME, TR LM, &M NULL, Z558 2
LY, P OAy i O — AU, ANRTRERA 2 S ERHORFR I S8 XA~ eR BOR Il 4
BB RS B 77 S8

PyObject* PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol VA 02 53| HI4%, &N, iR\ NULL, ZE4)T Python 3§
HR ol % 02,

PyObject* PyNumber_Divmod (PyObject *o0l, PyObject *02)
Return value: New reference. 7% N EHREL divmod () . NI, 1R[] NULL., %4/+T Python ik
K divmod (ol, 02).

PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 125N E K%L pow () o QIZRKN, 1R[] NULL. SE4)T Python Hii)3
B pow (01, 02, 03), HH o3 RATHLH. WIREZAME 03, WFHHE APy _None fERHE (M
RN NULL & ECARENAFI) -

PyObject* PyNumber_Negative (PyObject *o)
Return value: New reference. 1&[7] o BIT{E, WKL, iR[F] NULL . 4+ Python Fikx -o.

PyObject* PyNumber_Positive (PyObject *0)
Return value: New reference. 12[A] o, {NHJN, 1R[] NULL . 4T Python 3£ik= +o.

PyObject* PyNumber_Absolute (PyObject *o)
Return value: New reference. 12 [0] o FZEXHE, TSR, IR\ NULL. 254+ F Python ik abs (o) »

PyObject* PyNumber_Invert (PyObject *0)
Return value: New reference. 1210] o WA JE OSSR, IR RN, R[] NULL, %] Python 3%
B ~o,

PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. IR [0 ol /2F% 02 A~ FUAF GHISE S, TSR, R 9] NULL., Z84T Python
Fik ol << 02,

PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. 1218] ol 15%% 02 A~ WG IZE R, WIERSRK, 128 NULL . 44 Python
kK ol >> 02,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol #1102 “$#{75” M455, WL, 1&[H NULL . 24T Python
kK ol & 02,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. 28] ol Fl 02 “¥{iRBl” WIGSHE, R LK, & NULL . ZH0NT
Python ik o1 ~ 02,

PyObject* PyNumber_Or (PyObject *ol, PyObject *02)
Return value: New reference. 12|8] ol Fl 02 “¥fiol” RYZER, WK, #x[6] NULL . 84T Python
FiEHK ol | o2,

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. &[5 ol . 02 MINMEER, WIR LN, &[E NULL. 24 ol ZFrmf, X4
BEHEWHEMFSR . ST Python 4] o1 += o2.

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol . 02 FHIRIIEG S, IS, IRE] NULL . 24 ol SR, XA
R EEMHEMESR . ST Python 4] o1 -= o2.

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. JR[0] ol . o2* faFe a4t R, 4o R kM, B8 ‘NULLC, % *ol SZFri}, X
BB SR, ST Python 4] o1 *= 02,
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PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol . o2 R GINEER, BN, 1R[E NULL . 24 o
W, X EEEREH e 0T Python if4] o1 @= o2.

3.5 B fE.

PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol DA 02 J51) FEUE I ZE R, A0k, JRF] NULL, 4 ol #F
B, XA EEEH E MR 0T Python i54] ol //= o2.

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 3111 ol [x0A 02 B— M EBRAYITAME, QIR , &M NULL, 55020
LAY, P Ay i O — UM, ASATRERA 2 S BRHORFOR I S8l XA~ R B0R Il 94
RERFOHBRAFBIMF S 2 o SCHFIY, XA IBH HEAM ) B i ras

PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)

Return value: New reference. 321 ol [&PA 02 153|435, TR R, 1&[H NULL. 24 ol 3N, X
M2 HHEMH MR . SMT Python iF4] ol %= o2,

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 1§ Z:[# N BB pow () « WERAKM, IR NULL. 24 of SCHFI, XAz
HHBEMNEMFEIR. 24 o3 2Py _None i}, (T Python iff] ol **= o2; HMFEMTHE
KALEMAFLTRE) pow (01, 02, 03) o WIREZM 03, WMFHE APy _None (f£A NULL &35
FEENAEVT) .

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 [8] ol /5% 02 AN HAFIGIISE S, WRKIM, 1R[F] NULL. 24 of ¥R},
X BEREEEMEMEFER. 0T Python ifH] o1 <<= o2,

PyObject* PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 8] ol 5% 02 AN HAFR G IS, WL, IR F] NULL. 24 ol ¥R},
AEEEEE A EAEELR . SN T Python if4] o1 >>= o2,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. IR ] ol K1 027 ¥ 57 4%, JeMMEHR ] NULL. fF of 32309
HIE FIZBAER B idT. 840 5 Python i541] ol &= o2,

PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. J{INFIRIE] ol F1 02 ” $fi Feal 45 R, KRIMBHR[E NULL. 7E ol XHF
IR NIRRT RaeAT. S5 Python ifih] o1 ~= o2,

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. W R [E] ol 1 02 7 #AVEY” FILES., RMGETR Bl NULL, 7F ol SZ35HY
HIPE FIZBAERF B3 AT, 84T Python 4] ol |= o2,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. JWIHB}IR M o B BT G045 5, RIMER M NULL. 4T
Python A= int (o)

PyObject* PyNumber_Float (PyObject *0)
Return value: New reference. I HFIR A o B M iF ST E G 4S5, RIMBHR [E] NULL. 24T
Python F3Ax, float (o) .

PyObject* PyNumber_Index (PyObject *0)
Return value: New reference. IR [ o #4864 Python int 258 J5 A0 455, 2R A NULL H5| &

TypeError 5% .

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. 112 M| 355 n #5414 DA base “H BB F ARG IZE R . XA base S5
g2, 8, 1083 16 . XTEE2, 8, 816, REWFAFEFE AN EEHARH 'ob', "007,
or '0x', QI n A2 Python H ¥ REES int 88, whICH PyNumber Tndex () FFE AR MUREEIE
A,

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
MR 0 2 — MBS B ARRERL, IR [E] o B4 il—A> Py_ssize _t (AW IIER . WP RN, &
[l -1 H5 R R
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WR o AT AR A4 A Python int ZEAYH 22 { 40k Py_ssize_t (HM 25| % OverflowError, iXH}
exc ZECHEHE | R FHELEM (B 2 IndexError B OverflowError), IR exc 2 NULL, I
S A R BAE PR N A PY_SSTZE_T_MIN B(IE#%{ PY_SSIZE_T_MAX.

int PyIndex_Check (PyObject *0)

W 02— DERFIEE (f74 nb_index i B IFA tp_as_number IHAHH) MERE 1, 75 0ER[E] O .
A ERBON S 2

7.4 FRHIY

int PySequence_Check (PyObject *0)
WARXT R F AL, REGRE] 1, FWHERE 0. HHEERNAA __getitem__ () FIEM
Python ik 1, BRIFEATE dict BT, PRNMTE—NE LT TCIARE BRI C R R, ek
SRR INIT .
Py_ssize_t PySequence_Size (PyObject *o)
Py_ssize_t PySequence_Length (PyObject *o)
FIP AR B P o RS RAVECE, RIGINNRIE -1 3XAH24 T Python A3 len (o) .
PyObject* PySequence_Concat (PyObject *ol, PyObject *02)

Return value: New reference. INEIHHR[A ol 1 02 HIPFHE, KIMAIRF] NULL, XZ4)T Python FEik
K ol + 02,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)

Return value: New reference. &[] ¥ X% 0o I count IR ILE R, MR Ml NULL., XM T
Python A 0 * count.

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. JNINIFIR ] ol F1 02 WBHFEE, KILAFIR Al NULL, fF o ZERHR LT
{45 RALSEH. K0T Python Rkt ol += o2.

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Return the result of repeating sequence object 3 [ FH X 4 0 B count 1K
MIZESRL, RIGETIRIE] NULL. 7F o LR L iR E S Bt e, X% M T Python £ikx o *=

count,

PyObject* PySequence_GetItem (PyObject *o, Py_ssize_t i)
Return value: New reference. &[0 o A5 i S I08, JeM IR Al NULL, X &E4)T Python iRz
o[il.

PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2)
Return value: New reference. &[0 J 74 %5 o 0 il 5 i2 BY1 -, RIEHFIR [B] NULL, 3XZ&4yT Python
ik oli1:12],

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
FEXR v RIES o 55 i SoTR . RN ST IR E] -1; B R M 0. X AH24 T Python i
Floli] = vo MR REUEX v G .
W v o NULL, JCERFEOMER, ERIEEESEEH, W4 PySequence_DelTtem (),

int PySequence_DelItem (PyObject *o, Py_ssize_ti)
MHERRXT SR 0 HO5E i 5o . RIEHFRE] -1. JXAH24 T Python ifif) del of[i].
int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
RIS v IAEZE TP A5 o B il B 2 Y]y o XA T Python i) o[11:12] = v

int PySequence_DelSlice (PyObject *o, Py_ssize_til, Py_ssize_t i2)
BRI S5 0 WIM il B 2 BYI o RIGERE] —1, XA 24T Python i54] del o[il:i2],

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
W& [E] value 1 o I FLAY KL, BRI o [key] == value HYBEMEE. KRMIN IR -1, X
FH24F Python F3E5 0. count (value),
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int PySequence_Contains (PyObject *o, PyObject *value)
W€ o R value. AR o HHYIE—TASET value, WIRIE 1, FHWGRIE 0. HFEH, B&E -1,
X AH Y4 F Python A value in o,

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
REIZE—ANEG] *#i*, o [i] == value. 45, IR\ “-17 . #H24TF Python [1 “o.index(value)“ZE
PyObject* PySequence_List (PyObject *0)
Return value: New reference. iR [W|— A5 FXI5, HNE S FH SRS o MIF], SRz [0]
NULL. 3R [m 5 R PRIUER — DR 4. XM T Python #iks{ 1ist (o),

PyObject* PySequence_Tuple (PyObject *0)
Return value: New reference. JR [l —ATeHXIR, H AR5 FHI SRS o MR, J WS iz (0]
NULL. #I5R o g, WP Bl —ASHr a5 11, FEHARSE B0 MR 6 & 4 N A M — o4l X
ZE4T Python k2 tuple (o) o

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Y75\ 88 [ 1R 2 o VE-hHoAh PySequence_Fast* BREZR] 1%}
SR WRZXS R RF AN AT RS, W5 % TypeError 45 m VERIEESCA . KM}

iR [A] NULL,

PySequence_Fast* MR Z T AX a4, @H HENXRE o &—NPyTupleObject
B PyListObject FHIEVN o MEHRFEL.
18 CPython [SEELANTT, 414 o DA R —NTPHIESFR, BRI E RN,

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
Tt o PySequence Fast () iRIA H o Ry NULL (5 5L Nk Bl o K E . WA LAEETE o L
HPySequence_Size () KRB K/, (HiEPySequence Fast_GET _SIZE () #EHE R, H-HN
B AMRGE o HFFRETT4 .

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference. IF. o fjPySequence_Fast () i&[E H o /~ NULL, # H. id fER5|
JEFE N AIEOL TR ] o Y56 i 5 In R .

PyObject** PySequence_Fast_ITEMS (PyObject *0)
& [H] PyObject fa5HIJZ 44 . (RiX o thPySequence Fast () #&[H H o AN NULL,

TEYER, QRS FRIAEE RIS, T L PT RE 2 B33 (7 items 2520, R I, ANFE )P40 ok BBl i H R ¢
Hh il AR AR T

PyObject* PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value: New reference. 1 B o % i 4 JC & 8 #£ 2 W F & M) NULL., I & =
lpySequence_GetTtem () PR, (HARSKT o FHjPySequence_Check () 21 NEH, W
RNER 5 AT .

7.5 BRGHHIY

ZPyObject_GetItem()., PyObject_SetItem() 5PyObject_DelItem().

int PyMapping_Check (PyObject *0)
TSR GARPEM S SR R ] 1, ABGRIE 0. HEEERNAA __getitem () Jf
V1) Python B3R 0] 1, PUNAE— MO0 T ToVARA & B I ORI R AL KB e & AT
Py_ssize_t PyMapping_Size (PyObject *0)
Py_ssize_t PyMapping_Length (PyObject *0)
IR IR o FrEEECE: , IR -1, 33X AH24 T Python k5 len (o) .

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

Return value: New reference. 1R [0] o W6 B T F 475 key WICE, B0E KRIGHHR B NULL, XAHYST
Python A= o [key]. HiES L also PyObject_GetItem().
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int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
TEXR o PR FFHR key WUFENE ve RN IR[E] -1, jXAH24 T Python ifif] o [key] = v. 737
ZWPyobject_sSetItem(). WEREL RAHIMXT v 5.

int PyMapping_DelItem (PyObject *o, PyObject *key)
MR o R BRI R key RUMLGT. AR ] -1, X AH 24 T Python i) del olkeyl. X

EPyobject_DelIltem() H— % .

int PyMapping_DelItemString (PyObject *o, const char *key)
MAIGE o PREERTFAFER key BB . RIMRIE] -1, XA F Python if4] del o[key].

int PyMapping_HasKey (PyObject *o, PyObject *key)
TSRS G B S key WIAR[E] 1, FNR[E 0. JXAH24T Python Fik key in o. ILHRELER
EL AL/
HEREAAEWN _getitem () JyvE A A& AR S R S W M. R IBURE % 4 A T 2

HPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
WERW S G A A B key WRIE 1, MR 00 JXAH24T Python Kk key in o. MEKEER
EL AL/

WIEBET N _getitem () J7 &I IA) B A2 0 5 0 RF & 0B M. AR BURE DR 4 5 K

H PyMapping GetItemString ().

PyObject* PyMapping_Keys (PyObject *0)
Return value: New reference. I}, 1R[EIXTE o HRJEMIFFE. JEEt, 1R\ NULL.

1E 3.7 BOEE: FEZ IRA T, ek Bk o] — 2R 8ol .

PyObject* PyMapping_Values (PyObject *o)
Return value: New reference. {3}, 1R[FXFER o FHMEMIFFE. JIEH, 1R\ NULL,

TE 3.7 BOEE: FEZ BIRAH, SRR R [ — 31 R socdl.

PyObject* PyMapping_Items (PyObject *o)
Return value: New reference. IR, IRIEX5 o 4 HWHFR, KN H & BAEXT T
JCAH . R, 3R [E NULL,

TE 3.7 R R FEZ BRAH, BEeR ok [ — a1 R sl

7.6 EREE I

B PR
int PyIter_Check (PyObject *0)
&[] true , HIARXIGR o SAFIEALFBAIE
PyObject* PyIter_Next (PyObject *o)
Return value: New reference. &[0 A o I F—/AME. X F2— A8 (XN HEHE5kH

Wr) o WEREA A IRE, NERE NULL H BN E R . WERAEREUE I & T4, R [H
NULL Jf B8 75 .

FOREREGERME — A DEER, C AU NA%E R,

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

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

}

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

Q)

68 Chapter 7. #HiI&RHRE




The Python/C API, %47 3.9.0

/* release reference when done */
Py_DECREF (item) ;
I3

Py_DECREF (iterator);

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

}

7.7 il

1£ Python H AT {i F — 265 52 ok A0 % XIS 2 WAL 5K % P B9 ). LR XT RGN E K bytes il
bytearray PAM—4l] array.array XFERIY BT, 8 = F FEWMATRES A THRERR H T & LB
TTEHCRIZERL B T EAR A PR 0 HT 25

IR IT Y — R H CROTE C, (BENTRA t ] RERCR A A i IX SRR L FRHIE . 7R
SEREOLT, A B BT M G X T o RE H RN

Python PAZZ 7 #ri BFEAAE C JZ P HARIEXFER hRE . BL P EL 384T T

o TEAPEE I, BRI AT —A ‘XKD, RFATFERIRZEZMIXER.
Z P ORI E B AEBuffer Object Structures —i /15

o TEHSRE—M, A JURN A TSR 10 R 0 R R R = R e g (BIan—AIrikmies) .«

— LR RBIAN bytes fl bytearray DA P ATTENMIRZEZ P IX . Ml GES i
x5 Bt array.array FradFocE I AR Z 1Y (H.

SR KB VRIS B B — ) T2 SCPERF 40 write () J7vE: AT Al DA g — R 50 7 A Xk 4 al
PABEE AL 2RI write () TR AR ERTEAM G AR, HAMK 7%, W readinto () 7
RSBHNER G AR G X H 1 SRR R 0] PARERE M A v sl 5 5 U B8 X A e 1

YT RE AT S, AR ZORREC—A B iR 5 ot
s A IEFMSECRIEM Pyobject_GetBuffer () %L
s W PyArg ParseTuple () (BHFIFIFHZ —) HALEA y*, wr or s* 44 X KA F—A,

TEXHAPIE S, YABEEEM XN PyBuffer Release () . WIRMEEMERK, WiESS:
BRI, BT .

7.71 ZRHRX L

Genh X G (0 A HFR S “buffers” ) K¢ IR 7 — ARG A TT 45 Python F21¥ AR A I -
EATERTARAEZSE VIR BLE] . SERIENTS ] NAFRIRE ST, W] AR Dy MU RHAT A K8l 22 45 Python
TP 5. WAFAT AR C 9 R I — KA H EACH, AT DARTEAL 18 2 8 R G 2 w1 T AR 5 in
WAFBR, B AT DA R AL BB AL A A A 2 A Bl

55 Python f@REs A TR Z B R AU, b X2 PyOb ject $REFMIE R B C 454 X HFE
I PAAREH fay SR BB AN M . U2 Zenh X Bz RGeS, W AR —AS ) AL XER.

HRUMT B H FhXF R REEUH, WS % R 24 i, BRREPRNTZR, §5
RlPyObject_GetBuffer ().,

Py_buffer
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void *buf
F6 1) H 22 vp X P Bl 1 2 B g5 A TR I 384 . X AT DA S R 17 IS 2 9 B DN A B v ) AT 4]
. BN, RN st rides (HATREHE I AR «

X Fcontiguous , AR Hed, {EAS WALk .
void *obj

XSS . RS HIEME A& B, HfliPyBurfer Release () HEBMIFRE
A NULL. % 7B FARaArifE C-APL R &I [0 {H

VER—FFERIE N, STl PyMemoryView FromBuffer () B{PyBuffer FillInfo ()
B[ temporary GEPIX, MF B NULL, @#, SHXTRAEM I TZE.

Py_ssize_t 1len
product (shape) * itemsize. X} TIELEENA, XERMNFHRMKE. TIEESEE
H, WARBEEEWE RTINS, WK EFEAZKE.
24 2 v DX 2 38 2o PRI 7% 22 M I SR AR B, A U5 ) ((char *)buf) [0] up to

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

int readonly
IR R e R e . W Bt PyBUF _WRITABLE FRiidsiil.

Py_ssize_t itemsize
BATCEMITR/N (PAFEFTNEANL) . 5 struct.calesize () PWHIE NULL format FIEA
Ei
HELFIA: A0SR E A R G o X H PyBUF_FORMAT ¥Rk, format ¥§i% #>h NULL,
{Hitemsize {J5HA FIAHAIE.

W shape {775, W) product (shape) * itemsize == len{BRAFFE, fIHHE ]
PAE 1 temsize R FHEMHIX

R shape & NULL, KN4 R NPyBUF_SIMPLE B\ PyBUF _WRITABLE T3k, WH & s
ZAMgitemsize, R itemsize == 1,

const char *format
1E struct BRI NUL 47, b AR N 2s . (R 2 NULL, NfEE K "B

[

(57 -
W Bt PyBUF_FORMAT FrBda il

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, st rides 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 FEARENA H I (E B PR € FE shape [n] >= 0, shape[n] == 0 X —{HET 24 M
. BL(EBiEZEcomplex arrays .
shape F2H X100 F & R i H e .

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 P WRECA H AO(E AT DUAAR MRS . XTI, AP IEa e AL, (HE 0 & Ui fE
B strides [n] <= 0 PEN . BEE2EBIES Wcomplex arrays o

strides ZZH X H Pk a2 Ry
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Py_ssize_t *suboffsets
An array of Py_ssize_t of length ndim. If suboffsets[n] >= 0, the values stored along the
nth dimension are pointers and the suboffset value dictates how many bytes to add to each pointer after
de-referencing. A suboffset value that is negative indicates that no de-referencing should occur (striding
in a contiguous memory block).

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 i Fl T X Fp2R BB £ IR . S Hcomplex arrays & T fif
I A FE— R T R ICER
suboffsets F 2 %8 I & K ihi 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.

7.7.2 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.

request-independent fields

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

readonly, format

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

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

PyBUF_WRITABLE can be I'd to any of the flags in the next section. Since PyBUF _SIMPLE is defined as 0,
PyBUF_WRITABLE can be used as a stand-alone flag to request a simple writable buffer.

PyBUF_FORMAT can be I'd to any of the flags except PyBUF_SIMPLE. The latter already implies format B (un-
signed bytes).
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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.

LES k| SR | ThRbE
PyBUF_INDIRECT = = UNR T A I
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 | NULL CH F
PyBUF_ND = [ NULL | NULL .

BE&EK
A TR SRR by AR A B e e S N TR I, Zenh KSR IE R A AR
AR

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

7.7.3 SZ2EA

NumPy-Ri#&: F2ARF0L1E

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

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

both shape and st rides are NULL.

If strides is 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
mrrn
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any (v % itemsize for v in strides):
return False

if ndim <= 0:

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

return True

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

if strides[j] > 0)

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

PIL-R#E: ek, SIRIIFRBE

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 buf, 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; i++) |

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

}

return (void*)pointer;

7.74 ZHXHEXEL

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

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

On success, fill in view, set view—>0b7j to a new reference to exporter and return 0. In the case of chained
buffer providers that redirect requests to a single object, view—>0obj 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.

void PyBuffer_ Release (Py_buffer *view)
Release the buffer view and decrement the reference count for view—>obj. This function MUST be called
when the buffer is no longer being used, otherwise reference leaks may occur.

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

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

3.9 B fE.
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int PyBuffer_IsContiguous (Py_buffer *view, char order)
Return 1 if the memory defined by the view is C-style (orderis ' C ") or Fortran-style (orderis 'F ') contiguous
or either one (order is ' A"). Return 0 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). 0 is returned on success, —1 on error.

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

void PyBuffer_FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides,

int itemsize, char order)
Fill the strides array with byte-strides of a contiguous (C-style if order is ' C' or Fortran-style if order is 'F ')

array of the given shape with the given number of bytes per element.

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

int flags)
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 exporfer and return 0.  Otherwise, raise
PyExc_BufferError, set view—>0bj to NULL and return —1;

QSR B R VEgetbufferproc —35R4y, W exporter Wi & S X5, H HAABHEAR G MUIWIE O
TA&ik flags. 5N, exporter Wiz NULL,

7.8 |BZ& Y

3.0 fiUE EFER.

XL Python 2 W1 “IHZZnh 80" APT YL ARy . 7E Python 3 W, BUHMNEAEATAE, (HiX 2L
B IR AT AMEREAE 2.x BARS . ENTRRER 200 sl iR ARy, HEAMDFASESZ s
ISP T AR A X BT AR R 14 A i o 3034 A

lﬁt WHREH Pyobject_GetBuffer () (S FHB G PyArg ParseTuple () BREURMH v* o w*
e X)) SRARB— AR, HAEZ L T geRE B I PyBuf fer_Release ().

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
R[] —ANF ) o] AR TR i A SN F8 5T . obf SEUU AR R B AR R oz 11
JEENINIRIE] O, KF buffer BN AFHIIEFFRE buffer_len TGt KA E . IR ] -1 FF3E—4

TypeError,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
IR ] — A5 1) A B AR B R ) R s AR H5 5 . obj SEL SR B PR ph R . B
BP0, X buffer IR WA HLIEFF 45 buffer_len R oh XA BE. AR ] -1 H & —4

TypeErroro

int PyObject_CheckReadBuffer (PyObject *0)
AR o SRR BTG v LR ] 1. BNGR[E] 0. R B 2 S I T

T VE B R B 2RO R — AN G X, I FLAETR R bR éﬂl%ﬁlﬂ?ﬁéklﬁ’]a*%%ﬁﬁﬂﬁi FR
B 445 W S 2 Fl Pyobject_GetBuffer ().

8. IBZ il 75



The Python/C API, %47 3.9.0

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
IR [l — AR A N FFHBIE SR obj SR BB P AT Zem e 1 o IR ] O, KF bugfer ¥H
WAFHIIE R buffer_len R Geoh KK BE . SR ] -1 IF % &4~ TypeError,
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BEFRRE

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

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

8.1 BEAMR

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

8.1.1 Type &

PyTypeObject
WG C 4544 H T4A built-in 2854,
PyObject* PyType_Type
ST type X419 type object, ‘E7E Python JEA Al type AHIFIIHE.,

int PyType_Check (PyObject *0)
WERXSR 0 R—DRAN G, WIHFAPRK TARERBS RGBS, RIFHEE. FEHEAEILT
&m0,

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

unsigned int PyType_ClearCache ()
Clear the internal lookup cache. Return the current version tag.

unsigned long PyType_GetFlags (PyTypeObject* type)
Return the tp_ f1ags 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 APL.

77



The Python/C API, %47 3.9.0

3.2 FrihsE.
JE 3.4 R AL The return type is now unsigned long rather than long.

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

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

int PyType_IS_GC (PyTypeObject *0)
Return true if the type object includes support for the cycle detector; this tests the type flag
Py TPFLAGS_HAVE_ GC.

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

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

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

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. Generic handler for the 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 slor argument.
An exception is raised if fype is not a heap type.
3.4 e

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

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

This function is usually used to get the module in which a method is defined. Note that in such a method,
PyType_GetModule (Py_TYPE (self)) may not return the intended result. Py_TYPE (self) may
be a subclass of the intended class, and subclasses are not necessarily defined in the same module as their
superclass. See PyCMethod to get the class that defines the method.

3.9 B .

void* PyType_GetModuleState (PyTypeObject *type)
Return the state of the module object associated with the given type. This is a shortcut for calling
PyModule_GetState () ontheresult of PyType_ GetModule ().

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

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

3.9 B fE.
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Creating Heap-Allocated Types

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

PyObject* PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
Return  value: ~ New reference. Creates and returns a heap type object from the spec
(Py_TPFLAGS_ HEAPTYPE).

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

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

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

This function calls Py Type_Ready () on the new type.
3.9 FriIfE.

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

3.3 B fie.

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

PyType_Spec
Structure defining a type’s behavior.

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

int PyType_Spec.basicsize

int PyType_Spec.itemsize
Size of the instance in bytes, used to set 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 Py Type_S1ot structures. Terminated by the special slot value {0, NULL}.

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

int PyType_Slot.slot
A slot ID.

Slot IDs are named like the field names of the structures PyTypeObject,
PyNumberMethods, PySequenceMethods, PyMappingMethods and
PyAsyncMethods with an added Py__ prefix. For example, use:

* Py _tp_dealloctoset PyTypeObject.tp _dealloc
* Py_nb_addtoset PyNumberMethods.nb_add
* Py_sqg_lengthtoset PySequenceMethods.sq_length

The following fields cannot be set at all using Py Type_Spec and PyType_Slot:
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s tp _dict

* tp_mro

* tp_cache

* tp_subclasses

* tp weaklist

* tp_vectorcall

* tp_weaklistoffset (see PyMemberDef)

e tp_dictoffset (see PyMemberDef)

* tp_vectorcall_offset (see PyMemberDef)

The following fields cannot be set using Py Type_ Specand Py Type_ S1ot under the limited
APIL:

* 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.

TE 3.9 R H 2 Slots in PyBufferProcs in may be set in the unlimited API.

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

May not be NULL.

8.1.2 None Y&

WYERE, None Py TypeObject N HEETLE Python/ C APT 1A, HiT None 25041, MHAXTZ4RH
(FE C i == ) w2 T . mTRFEER, #4 PyNone_Check () L.

PyObject* Py_None

Python None X%, FIRGZ(H. XMMREAT L. EFEEGIEHABL AT AR .

Py_RETURN_NONE
IERfALEER B C RN Py_None i&I] (HERZYE, I None 5| HiTHE0FRMIE )

8.2 FEMR

8.2.1 ERBMR

T B ECERE ] DME B RN KBRS R RR
A, KZ 4 pyLong_As* APLIR [ (R E K A) -1, K¥ES —BOEF X0k, HHE
W PyErr_Occurred () FXK4y.

PyLongObject
FER Python BECF R Pyob ject TIHL,

PyTypeObject PyLong_Type

XAPyTypeobject HSEBIZE7R Python HREAAL, 15 Python JZ2HHY int HF.
int PyLong_Check (PyObject *p)

MRS E PyLongObject B{PyLongObject WT2A, 1&[A| true ,
int PyLong_CheckExact (PyObject *p)

MRS ZPyLongObject (HAREPyLongObject WT28A, i&[H] true,
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PyObject* PyLong_FromLong (long v)
Return value: New reference. } v & [Bl—AN#i Py LongObject N4, JMmR[H NULL .
LT SEIYES T B SEA,  -5 T 256 Z IR FTABEE S . MARFEX ASE A A
A~ int i, SCBR FARRIR) S D E AN RETI .

PyObject* PyLong_FromUnsignedLong (unsigned long v)

Return value: New reference. 1] C unsigned long ZRELRE|— N PyLongObject X4, KIK
IR ] NULL .

PyObject* PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. )\ C Py_ssize_t BHLRE— N HIPyLongObject X4, IR KN

D3R /] NULL

PyObject* PyLong_FromSize_t (size_t v)
Return value: New reference. M C size_t ik MNH I PyLongObject X4, N5 2 W N &
NULL ,

PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. ). C long long iR —HiPyLongObject X4, R IR [H] NULL

o

PyObject* PyLong_FromUnsignedLongLong (unsigned long long V)
Return value: New reference. ) C unsigned long long iR [E|—ANHiHjPyLongObject %4, 2
IR [B] NULL &

PyObject* PyLong_FromDouble (double v)

Return value: New reference. M v B3R 8]l — N PyLongObject X4, H1IR 4 )ik [5]
NULL .

PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. T31E sor F4FER{HIR Bl — PN PyLongObject , base & &E¥. W0
R pend K& NULL |, /*pend FFHg[n] str H 7R X A BOF R4 10 5 18 B 26— D F4F . WA base ;2
0, strfefdi i) integers S8 SCRFRERE TEXFRILT, *AEIF%E’J"I“IE%U@(EPE/J HSFERX5IE—1
ValueError . MR base Fig 0, BAMIAE 2 Hl 36 Z[A], (3% 2 Fl 36. FEHHIFT G A KB
ARG BN RIS . WERECA T, K51k ValueError.

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. - Unicode o7 51446~ Python B850(H .

Deprecated since version 3.3, will be removed in version 3.10: Part of the old-style Py UNICODE API,; please
migrate to using PyLong_FromUnicodeObject ().

PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. 54558 u W11 Unicode 0751554~ Python 380{H .

3.3 B fE

PyObject* PyLong_FromVoidPtr (void *p)
Return value: New reference. M\35%} p Bl @—> Python 3%, W PAFflPyLong _AsVoidPtr () iR[H
MIFaEHE -

long PyLong_AsLong (PyObject *obj)
& 18] obj 1) C long Kk . W obj N @PyLongobject BB, MM ER __index__ ()
B __int_ () H¥E (WRA) RHEE N PyLongObject o

s obj E‘Jﬁ?ﬁfiuﬂT long L[, &5k OverflowError.
KAEERBHRE -1 . [ PyErr Occurred () gl L.
TE 3.8 U AR AT PR __index_ ().

38 URCBIR: _int__ () CHGHH.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
1R[] obj ) C long Fik . W obj RidPyLongObject BYSEH], SEMAEM __index_ ()
B __int__ () ik IRA) FHF N Py LongObject .
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If the value of obj is greater than LONG_MAX or less than LONG_MIN, set *overflow to 1 or —1, respectively,
and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return —1
as usual.

KRR -1 . M PyErr Occurred () RIHE X,
AE 3.8 R I W AT HRH# A __index_ ().
38 MUEEMRR: __int__ () B

long long PyLong_AsLongLong (PyObject *obj)
Return a C 1long long representation of obj. If obj is not an instance of PyLongOb ject, first call its
__index__ () or__int__ () method (if present) to convert it to a PyLongOb ject.

Raise OverflowError if the value of obj is out of range for a 1long long.
KAGERBHRE] -1 . {fAPyErr Occurred () gl L.

T 3.8 RS AR AT PR __index_ ().

38 MURERKR: __int__ () BHH.

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or__int__ () method (if present) to convert it to a PyLongOb ject.

If the value of o0bj is greater than LLONG_MAX or less than LLONG_MIN, set *overflow to 1 or —1, respectively,
and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return —1
as usual.

KAEFERENHRR] -1 o i PyErr Occurred () HiHE L.
3.2 HiPie.

16 3.8 B AR W R __index_ ()

38 MUSC R __int__ () C¥EFA.

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

Raise OverflowError if the value of pylong is out of range fora Py_ssize_t.
KAEFHRIRE -1 o @ PyErr Occurred () SRIHE X .

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

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

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

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

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

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

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
Return a C unsigned long representation of obj. If obj is not an instance of PyLongObject, first call
its__index__ () or __int__ () method (if present) to convertittoa PyLongObject.
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If the value of obj is out of range for an unsigned long, return the reduction of that value modulo
ULONG_MAX + 1.

Returns (unsigned long) -1 onerror. Use PyErr. Occurred () to disambiguate.
TE 3.8 U AR W R __index__ ().
38 MUGE MK __int_ () BHFH.

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

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

Returns (unsigned long long) -1 onerror. Use PyErr Occurred () to disambiguate.
TE 3.8 U HE: AR A IRHE __index ().
38 MGEMK: __int_ () EWIFEH.

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

Raise OverflowError if the value of pylong is out of range for a double.
Returns —1. 0 on error. Use PyErr_ Occurred () to disambiguate.
void* PyLong_AsVoidPtr (PyObject *pylong)
Convert a Python integer pylong to a C void pointer. If pylong cannot be converted, an OverflowError

will be raised. This is only assured to produce a usable void pointer for values created with
PyLong_FromVoidPtr ().

Returns NULL on error. Use PyErr_Occurred () to disambiguate.

8.2.2 IR

Python H A /R @ VE BB TR . KA Py_False Ml Py_True Wi/R(H. L, 1IEHHY
BRI R BEAE ] TR M(E. H2, THIEA .
int PyBool_Check (PyObject *0)

IR o (ALK PyBool_Type, MR true.
PyObject* Py_False

Python ) False X REAMEMITL, BFRFEMEMXTR—FER0ET T4
PyObject* Py_True

Python [¥] True X REAIEM I, BEFREAHMIR—FERE0E5 ] T4
Py RETURN_FALSE

MEREGRIE] Py_False W, FGE84MERTIHTTAL
Py_RETURN_TRUE

MEREOR I Py_True i, FREHIMERIGIHHEL

PyObject* PyBool_FromLong (long v)
Return value: New reference. 134 v IEFR(E, 1R[FEl—4> Py_True 8{F Py_False H#H5| H-
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8.2.3 FREMR

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

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

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

double PyFloat_AsDouble (PyObject *pyfloat)
iR 1] —4> C double HF pyfloar )N %5 MR pyfloar K& —> Python i s H0f R AH 2 A A
__float__ () Jiik, WITIRRFESCHR M, K pyfloar Heenli— RN E W2R __float_ ()
AR SCNFF R 2 __index (). WIRKW, BI7IAFFRE -1.0, HMIFEEH N 24
M PyErr Occurred () KKiEiz.

TE 3.8 MU e AnsR AT FRHEE ] __index__ (),

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
iR [1]—4~ pyfloat %K) C double FR, HEA HHIRKA .

PyObject* PyFloat_GetInfo (void)
Return value: New reference. & [i]—~ structseq S2f5], Hirp 40274 2% float (kS . St/ IME R B
FE. BE&LIMF float . h AR,

double PyFloat_GetMax ()
3 1] 5 R AT R AT B i3 DBL_MAX 2}y C double .

double PyFloat_GetMin ()
R 0] i/ Nl e I3 —AL 1E 37 S8 DBL_MIN 4 C double .

8.24 FHMR

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

TREHH C &k

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

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

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

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

Py_complex _Py_c_neg (Py_complex complex)

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

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

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

REHEY Python 3%

PyComplexObject
XA~ CRAMPpyobject [FRAUM L4 Python ZEHRIR .

PyTypeObject PyComplex_Type
KR NET C KM Py Typeobject HIHFE Python SERA A SLH . FI Python JZTHIF 2 complex
e[l — A5,

int PyComplex_Check (PyObject *p)
WRENSER A CRBryComplexObject Bi# 2 C R PyComplexObject I TR, &
(IR

int PyComplex_CheckExact (PyObject *p)
WRERSERE 1 CHAlrycomplexObject fHARR C KHlpyComplexObject WFIRAM, iR
[ L,

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

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

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

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

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

U2 op AiE—A> Python SZHXI AR, (H2HA __complex_ () Jrik, WITiRRELBORN, *F
op Fethy—A~ Python X4 . U __complex_ () AREXWAFHEESE _ float__ (), A
__float_ () REXMPFFEHRE __index (). WIRKN, HIVERRRE -1.0 M4 5LEE.

TE 3.8 MU Bl ansnl R __index_ (),
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3 FFIINRR

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

8.3.1 FHMKR

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

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

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

%% i€ A LF% T o

%c int — AT, BFRR N C Il E IR

5d int YT printf ("sd").!

su TSR | RIS T printf("su") .

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

$1u AP KR | #24F printf ("s1u").

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

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

$i int MM T printf ("sim) .t

$x int MY T printf ("sx").!

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

$p const void* —A C e Ey TSR R RIER . BEASN T print £ ("sp") H
EAHRATFEM 0x 3k, AMERG S L print £ iU HE
Ao

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

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

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

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

Py_ssize_t PyBytes_GET_SIZE (PyObject *o0)
FIAR) PyBytes_Size () {HRARMHHRAGI .

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

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

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

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

ValueError,

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

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

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

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

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

XE MemoryError Hik[A -1,

8.3.2 FHMAMR

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

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

M

int PyByteArray_Check (PyObject *o)

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

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

Ef= APl HE

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

PyObject* PyByteArray_ FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. 1345 string It FHAC & len G #— 1 F 1Y bytearray X754, 24 2% Wi 1]
NULL,

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

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

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

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

M}

XEE AR ZE A PE DA RE , AT SRS .
char* PyByteArray_AS_STRING (PyObject *bytearray)
C ¥ (PyByteArray AsString () WIS,

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
C ¥ pyByteArray Size () BIZEIRA .

8.3.3 Unicode & F014mtEA26528
Unicode &

{1 M python3.3 HS L T pepi393 DAk, Unicode A4 12 Py MO FI A R I, DABBAERRES 17
IR A B2 A FEIRY Unicode 545 W FHFAS (R AR T 128, 256 5 65536 FU e, #—LLA5kH
B A, CRAAAUET 1114112 (3525541 Unicode JH ).

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

Due to the transition between the old APIs and the new APIs, Unicode objects can internally be in two states depending
on how they were created:

 “canonical” Unicode objects are all objects created by a non-deprecated Unicode API. They use the most
efficient representation allowed by the implementation.

e ”legacy” Unicode objects have been created through one of the deprecated APIs (typically
PyUnicode_FromUnicode ()) and only bear the Py_UNICODE* representation; you will have to
call PyUnicode READY () on them before calling any other API.
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{Ef: The “legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode objects will
be “canonical” since then. See PEP 623 for more information.

Unicode 3#Y

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

Py_UCs4

Py_UCS2

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

3.3 B fE.

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

JE 3.3 iU P In previous versions, this was a 16-bit type or a 32-bit type depending on whether you selected
a "narrow” or "wide” Unicode version of Python at build time.

PyASCIIObject

PyCompactUnicodeObject

PyUnicodeObject
These subtypes of PyObject represent a Python Unicode object. In almost all cases, they shouldn’t be used
directly, since all API functions that deal with Unicode objects take and return PyOb ject pointers.

3.3 BRI HE.

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

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

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

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

int PyUnicode_READY (PyObject *0)
Ensure the string object o is in the "canonical” representation. This is required before using any of the access
macros described below.

Returns O on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 B fE.

Deprecated since version 3.10, will be removed in version 3.12: This API will be removed with
PyUnicode_FromUnicode ().

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *0)
Return the length of the Unicode string, in code points. o has to be a Unicode object in the “canonical”
representation (not checked).

3.3 Hge.

Py_UCSI* PyUnicode_1BYTE_DATA (PyObject *o)

Py_UCS2* PyUnicode_2BYTE_DATA (PyObject *0)

Py_UCS4* PyUnicode_4BYTE_DATA (PyObject *0)
Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
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PyUnicode_KIND () to select the right macro. Make sure PyUnicode_READY () has been called be-
fore accessing this.

3.3 B fE.

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

Return values of the PyUnicode KIND () macro.

3.3 B Tfe.
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND is deprecated.

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

3.3 BRI HE.

void* PyUnicode_DATA (PyObject *o0)
Return a void pointer to the raw Unicode buffer. o has to be a Unicode object in the “canonical” representation
(not checked).

3.3 BRI HE.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
Write into a canonical representation data (as obtained with PyUnicode_DATA ()). This macro does not
do any sanity checks and is intended for usage in loops. The caller should cache the kind value and data pointer
as obtained from other macro calls. index is the index in the string (starts at 0) and value is the new code point
value which should be written to that location.

3.3 B RE.

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

3.3 B RE.

Py_UCS4 PyUnicode_READ_CHAR (PyObject *o, Py_ssize_t index)
Read a character from a Unicode object o, which must be in the ”canonical” representation. This is less efficient
than PyUnicode_READ () if you do multiple consecutive reads.

3.3 BRI HE.

PyUnicode_MAX_CHAR_VALUE (0)
Return the maximum code point that is suitable for creating another string based on o, which must be in the
”canonical” representation. This is always an approximation but more efficient than iterating over the string.

3.3 BRI HE.

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py UNICODE representation, in code units (this includes surrogate pairs as
2 units). o has to be a Unicode object (not checked).

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode GET _LENGTH().

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *0)
Return the size of the deprecated Py UNICODE representation in bytes. o has to be a Unicode object (not
checked).

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode GET LENGTH().

Py_UNICODE* PyUnicode_AS_UNICODE (PyObject *o)
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const char* PyUnicode_AS_DATA (PyObject *0)
Return a pointer to a Py_ UNICODE representation of the object. The returned buffer is always terminated
with an extra null code point. It may also contain embedded null code points, which would cause the string to
be truncated when used in most C functions. The AS_DATA form casts the pointer to const char *. The
o argument has to be a Unicode object (not checked).

T£ 3.3 i ¥ g This macro is now inefficient -- because in many cases the Py_UNICODE representa-
tion does not exist and needs to be created -- and can fail (return NULL with an exception set). Try to
port the code to use the new PyUnicode_nBYTE_DATA () macros or use PyUnicode WRITE () or
PyUnicode_READ ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please
migrate to using the PyUnicode_nBYTE_DATA () family of macros.

int PyUnicode_IsIdentifier (PyObject *o)
Return 1 if the string is a valid identifier according to the language definition, section identifiers. Return 0
otherwise.

TE 3.9 i 2 The function does not call Py_FatalError () anymore if the string is not ready.

Unicode B

Unicode provides many different character properties. The most often needed ones are available through these macros
which are mapped to C functions depending on the Python configuration.

int Py_UNICODE_ISSPACE (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a whitespace character.

int Py_UNICODE_ISLOWER (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a lowercase character.

int Py_UNICODE_ISUPPER (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is an uppercase character.

int Py_UNICODE_ISTITLE (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a titlecase character.

int Py_UNICODE_ISLINEBREAK (Py_UNICODE ch)
Return 1 or 0 depending on whether c# is a linebreak character.

int Py_UNICODE_ISDECIMAL (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a decimal character.

int Py_UNICODE_ISDIGIT (Py UNICODE ch)
Return 1 or 0 depending on whether c#h is a digit character.

int Py_UNICODE_ISNUMERIC (Py UNICODE ch)
Return 1 or 0 depending on whether ch is a numeric character.

int Py_UNICODE_ISALPHA (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is an alphabetic character.

int Py_UNICODE_ISALNUM (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is an alphanumeric character.

int Py_UNICODE_ISPRINTABLE (Py_UNICODE ch)
Return 1 or 0 depending on whether c#h is a printable character. Nonprintable characters are those characters
defined in the Unicode character database as "Other” or ”Separator”, excepting the ASCII space (0x20) which
is considered printable. (Note that printable characters in this context are those which should not be escaped
when repr () is invoked on a string. It has no bearing on the handling of strings written to sys . stdout
or sys.stderr.)

These APIs can be used for fast direct character conversions:
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Py_UNICODE Py_UNICODE_TOLOWER (Py_UNICODE ch)
Return the character ch converted to lower case.

3.3 UG . F8F: This function uses simple case mappings.

Py_UNICODE Py_UNICODE_TOUPPER (Py_UNICODE ch)
Return the character ch converted to upper case.

3.3 it )5 E#2 K4 This function uses simple case mappings.

Py_UNICODE Py_UNICODE_TOTITLE (Py_UNICODE ch)
Return the character ch converted to title case.

3.3 S EL 5 [%: This function uses simple case mappings.

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

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

double Py_UNICODE_TONUMERIC (Py_UNICODE ch)
Return the character ch converted to a double. Return —1 . 0 if this is not possible. This macro does not raise
exceptions.

These APIs can be used to work with surrogates:

Py _UNICODE_IS_SURROGATE (ch)
Check if ch is a surrogate (0xD800 <= ch <= 0xDFFF).

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

Py UNICODE_IS_LOW_SURROGATE (ch)
Check if ch is a low surrogate (0xDC0O0 <= ch <= 0xDFFF).

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

Creating and accessing Unicode strings

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

PyObject* PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. Create a new Unicode object. maxchar should be the true maximum code point
to be placed in the string. As an approximation, it can be rounded up to the nearest value in the sequence 127,
255, 65535, 1114111.

This is the recommended way to allocate a new Unicode object. Objects created using this function are not
resizable.

3.3 B fE.

PyObject* PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. Create a new Unicode object with the given kind (possible values are
PyUnicode_1BYTE_KIND etc., as returned by PyUnicode_KIND ()). The buffer must point to an
array of size units of 1, 2 or 4 bytes per character, as given by the kind.

3.3 B .

PyObject* PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the char buffer u. The bytes will be interpreted as
being UTF-8 encoded. The buffer is copied into the new object. If the buffer is not NULL, the return value
might be a shared object, i.e. modification of the data is not allowed.
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If u is NULL, this function behaves like PyUnicode FromUnicode () with the buffer set to NULL. This
usage is deprecated in favor of PyUnicode_New ().

PyObject *PyUnicode_FromString (const char *u)
Return value: New reference. Create a Unicode object from a UTF-8 encoded null-terminated char buffer u.

PyObject* PyUnicode_FromFormat (const char *format, ...)
Return value: New reference. Take a C printf () -style format string and a variable number of arguments,
calculate the size of the resulting Python Unicode string and return a string with the values formatted into it.
The variable arguments must be C types and must correspond exactly to the format characters in the format
ASClII-encoded string. The following format characters are allowed:

%% & LF % FAF o

$c Al PR, RN C il F AL

sd A MY T printf ("sd").!

$u P ol H4F printf ("su").

$1d KA H%4F printf ("s1d").

$1i KA FYT printf ("s1in) .t

$1lu A KA HEF printf ("slu").

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

$11i long long M4 T printf("s11im).]

$11lu Te475 long long MY T printf ("s$1lu").f

$zd Py_ssize_t MX4T printf ("szd").!

$zi Py_ssize_t MY T printf ("szi").T

$zu size_t MX4T printf ("szu").!

51 HA M4 T printf ("sim). T

$x A MM T print £ ("sx").]

$s const char* PA null S92 FAFH) C 455504

$p const void* —A CHREH NIRRT AN T
printf ("sp") HESWHRATHE 0x JFk, NERSE
F& Eprintf it 24

SA PyObject* ascii () WHMEEE.

$U PyObject* A Unicode object.

SV PyObject*, const char* | A Unicode object (which may be NULL) and a null-terminated C
character array as a second parameter (which will be used, if the
first parameter is NULL).

%S PyObject* The result of calling PyObject_Str ().

%R PyObject* The result of calling PyObject_Repr ().

An unrecognized format character causes all the rest of the format string to be copied as-is to the result string,
and any extra arguments discarded.

{Ef#:  The width formatter unit is number of characters rather than bytes. The precision formatter unit is
number of bytes for "$s" and "$V" (if the PyObject* argument is NULL), and a number of characters
for "$A", "$U", "%S ", "$R" and "$V" (if the PyObject* argument is not NULL).

T 3.2 iR FE R Support for "$11d" and "$11u" added.
TE 3.3 fR s Support for "$14", "$11i" and "$zi" added.
T 3.4 T Support width and precision formatter for "$s™, "$A", "SU", "$V", "$S", "SR" added.

PyObject* PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Identical to PyUnicode_FromFormat () except that it takes exactly two
arguments.

! For integer specifiers (d, u, 1d, i, lu, 11d, 1li, 1lu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.
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PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. Decode an encoded object obj to a Unicode object.

bytes, bytearray and other bytes-like objects are decoded according to the given encoding and using the
error handling defined by errors. Both can be NULL to have the interface use the default values (see Built-in
Codecs for details).

All other objects, including Unicode objects, cause a TypeError to be set.
The API returns NULL if there was an error. The caller is responsible for decref’ing the returned objects.

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Return the length of the Unicode object, in code points.

3.3 B RE.

Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from,
Py_ssize_t from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when
necessary and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise
returns the number of copied characters.

3.3 Hrge.
Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
Fill a string with a character: write fill_char into unicode [start:start+length].

Fail if fill_char is bigger than the string maximum character, or if the string has more than 1 reference.

Return the number of written character, or return —1 and raise an exception on error.
3.3 B Uige.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Write a character to a string. The string must have been created through PyUnicode_New (). Since Unicode
strings are supposed to be immutable, the string must not be shared, or have been hashed yet.

This function checks that unicode is a Unicode object, that the index is not out of bounds, and that the object
can be modified safely (i.e. that it its reference count is one).

3.3 B fE.

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Read a character from a string. This function checks that unicode is a Unicode object and the index is not out
of bounds, in contrast to the macro version PyUnicode READ_CHAR ().

3.3 B fE.

PyObject* PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. Return a substring of str, from character index start (included) to character index
end (excluded). Negative indices are not supported.

3.3 B RE.

Py_UCS4* PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
Copy the string u into a UCS4 buffer, including a null character, if copy_null is set. Returns NULL and sets an
exception on error (in particular, a SystemError if buflen is smaller than the length of u). buffer is returned
on success.

3.3 B fE.

Py_UCS4* PyUnicode_AsUCS4Copy (PyObject *u)
Copy the string u into a new UCS4 buffer that is allocated using PyMem_Malloc (). If this fails, NULL is
returned with a MemoryError set. The returned buffer always has an extra null code point appended.

3.3 B fE.
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Deprecated Py_UNICODE APIs

Deprecated since version 3.3, will be removed in version 4.0.

These API functions are deprecated with the implementation of PEP 393. Extension modules can continue using
them, as they will not be removed in Python 3.x, but need to be aware that their use can now cause performance and
memory hits.

PyObject* PyUnicode_FromUnicode (const Py_UNICODE *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the Py_UNICODE buffer u of the given size. u
may be NULL which causes the contents to be undefined. It is the user’s responsibility to fill in the needed data.
The buffer is copied into the new object.

If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the resulting
Unicode object is only allowed when u is NULL.

If the buffer is NULL, PyUnicode_READY () must be called once the string content has been filled before
using any of the access macros such as PyUnicode KIND ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API,
please migrate to using PyUnicode_FromKindAndData (), PyUnicode_FromWideChar (), or
PyUnicode_New ().

Py_UNICODE* PyUnicode_AsUnicode (PyObject *unicode)
Return a read-only pointer to the Unicode object’s internal Py UNICODE buffer, or NULL on error. This will
create the Py UNICODE * representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py_ UNICODE string may also contain embedded null
code points, which would cause the string to be truncated when used in most C functions.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.

Deprecated since version 3.3, will be removed in version 3.10.

PyObject* PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Create a Unicode object by replacing all decimal digits in Py_ UNICODE buffer
of the given size by ASCII digits 0--9 according to their decimal value. Return NULL if an exception occurs.

Py_UNICODE* PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode_AsUnicode (), but also saves the Py_ UNICODE () array length (excluding the extra
null terminator) in size. Note that the resulting Py UNTCODE * string may contain embedded null code points,
which would cause the string to be truncated when used in most C functions.

3.3 Hrige.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.

Py_UNICODE* PyUnicode_AsUnicodeCopy (PyObject *unicode)
Create a copy of a Unicode string ending with a null code point. Return NULL and raise a MemoryError
exception on memory allocation failure, otherwise return a new allocated buffer (use PyMem_Free () to free
the buffer). Note that the resulting Py UNTCODE * string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.2 BT ge.
Please migrate to using PyUnicode_AsUCS4Copy () or similar new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Return the size of the deprecated Py_ UNICODE representation, in code units (this includes surrogate pairs as
2 units).

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please
migrate to using PyUnicode GET_LENGTH().
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PyObject* PyUnicode_FromObject (PyObject *obj)

Return value: New reference. Copy an instance of a Unicode subtype to a new true Unicode object if necessary.
If obj is already a true Unicode object (not a subtype), return the reference with incremented refcount.

Objects other than Unicode or its subtypes will cause a TypeError.

Locale Encoding

The current locale encoding can be used to decode text from the operating system.

PyObject* PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t len, const char *errors)

Return value: New reference. Decode a string from UTF-8 on Android and VxWorks, or from the current locale
encoding on other platforms. The supported error handlers are "strict" and "surrogateescape"
(PEP 383). The decoder uses "strict" error handler if errors is NULL. str must end with a null character
but cannot contain embedded null characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
S

The Py_DecodeLocale () function.

3.3 FrRIIHE.

T 3.7 B B0 The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py_DecodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.

PyObject* PyUnicode_DecodeLocale (const char *str, const char *errors)

Return value: New reference. Similar to PyUnicode_DecodeLocaleAndSize (), but compute the
string length using strlen ().

3.3 B fE.

PyObject* PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Encode a Unicode object to UTF-8 on Android and VxWorks, or to the current lo-
cale encoding on other platforms. The supported error handlers are "strict" and "surrogateescape"
(PEP 383). The encoder uses "strict" error handler if errors is NULL. Return a bytes object. unicode
cannot contain embedded null characters.

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding
(the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
S

The Py _EncodeLocale () function.

3.3 B e,

TE 3.7 B L The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py EncodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.
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File System Encoding

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should
be used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler
(PEP 383 and PEP 529). To encode file names to bytes during argument parsing, the "O&" converter should be
used, passing PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject* obj, void* result)
ParseTuple converter: encode str objects -- obtained directly or through the os.PathLike interface --
to bytes using PyUnicode EncodeFSDefault (); bytes objects are output as-is. result must be a
PyBytesObject * which must be released when it is no longer used.

3.1 Fge.
TE 3.6 R M 2 — AR b2 £

To decode file names to str during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:

int PyUnicode_FSDecoder (PyObject* obj, void* result)
ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through the os.
PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize (); str objects are
output as-is. result must be a PyUnicodeOb ject * which must be released when it is no longer used.

3.2 B fE.
e 3.6 BUHEL: %52 — Rk 428 7o

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. Decode a string using Py_FileSystemDefaultEncoding and the
Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().

S
The Py_DecodeLocale () function.
T 3.6 iR : Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Decode a null-terminated stringusing Py_FileSystemDefaultEncoding
and the Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
JE 3.6 R Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Encode a Unicode object to Py_FileSystemDefaultEncoding with the
Py_FileSystemDefaultEncodeErrors error handler, and return bytes. Note that the resulting
bytes object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to encode a string to the current locale encoding, use
PyUnicode_EncodeLocale ().

S

The Py _EncodeLocale () function.
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3.2 BRI RE.

FE 3.6 fRE P Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t Support

wchar_t support for platforms which support it:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the wchar_t buffer w of the given size. Passing
—1 as the size indicates that the function must itself compute the length, using wcslen. Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)
Copy the Unicode object contents into the wchar_t buffer w. At most size wchar_t characters are copied
(excluding a possibly trailing null termination character). Return the number of wchar_t characters copied
or —1 in case of an error. Note that the resulting wchar_t* string may or may not be null-terminated. It is
the responsibility of the caller to make sure that the wchar_t * string is null-terminated in case this is required
by the application. Also, note that the wchar_t * string might contain null characters, which would cause the
string to be truncated when used with most C functions.

wchar_t* PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
Convert the Unicode object to a wide character string. The output string always ends with a null character. If
size is not NULL, write the number of wide characters (excluding the trailing null termination character) into
*size. Note that the resulting wchar_t string might contain null characters, which would cause the string
to be truncated when used with most C functions. If size is NULL and the wchar_t* string contains null
characters a ValueError is raised.

Returns a buffer allocated by PyMem_Alloc () (use PyMem Free () to free it) on success. On error,
returns NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

3.2 B fE.

’E 3.7 BB Pk Raises a ValueError if size is NULL and the wchar_ t * string contains null characters.
g

Built-in Codecs

Python provides a set of built-in codecs which are written in C for speed. All of these codecs are directly usable via
the following functions.

Many of the following APIs take two arguments encoding and errors, and they have the same semantics as the ones
of the built-in str () string object constructor.

Setting encoding to NULL causes the default encoding to be used which is UTF-8.  The file sys-
tem calls should use PyUnicode_FSConverter () for encoding file names. This uses the variable
Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some sys-
tems, it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes
setlocale).

Error handling is set by errors which may also be set to NULL meaning to use the default handling defined for the
codec. Default error handling for all built-in codecs is strict” (ValueError is raised).

The codecs all use a similar interface. Only deviation from the following generic ones are documented for simplicity.
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Generic Codecs

These are the generic codec APIs:

PyObject* PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the encoded string s. encoding
and errors have the same meaning as the parameters of the same name in the str () built-in function. The
codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the
codec.

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *er-

rors)
Return value: New reference. Encode a Unicode object and return the result as Python bytes object. encoding

and errors have the same meaning as the parameters of the same name in the Unicode encode () method.
The codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised
by the codec.

PyObject* PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding, const

char *errors)
Return value: New reference. Encode the Py_ UNICODE buffer s of the given size and return a Python bytes

object. encoding and errors have the same meaning as the parameters of the same name in the Unicode
encode () method. The codec to be used is looked up using the Python codec registry. Return NULL if an
exception was raised by the codec.

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

UTF-8 Codecs

These are the UTF-8 codec APIs:

PyObject* PyUnicode_DecodeUTF8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the UTF-8 encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTFS8 (). If con-

sumed is not NULL, trailing incomplete UTF-8 byte sequences will not be treated as an error. Those bytes will
not be decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Encode a Unicode object using UTF-8 and return the result as Python bytes
object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
Return a pointer to the UTF-8 encoding of the Unicode object, and store the size of the encoded representation
(in bytes) in size. The size argument can be NULL; in this case no size will be stored. The returned buffer always
has an extra null byte appended (not included in size), regardless of whether there are any other null code points.

In the case of an error, NULL is returned with an exception set and no size is stored.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a
pointer to the same buffer. The caller is not responsible for deallocating the buffer.

3.3 B e
T 3.7 U P The return type is now const char * rather of char *.

const char* PyUnicode_AsUTF8 (PyObject *unicode)
As PyUnicode_AsUTF8AndSize (), but does not store the size.

3.3 B .

T 3.7 MU P The return type is now const char * rather of char *.
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PyObject* PyUnicode_EncodeUTF8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)

Return value: New reference. Encode the Py_UNICODE buffer s of the given size using UTF-8 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_UNICODE
API; please migrate to using PyUnicode AsUTF8String (), PyUnicode AsUTEF8AndSize () or
PyUnicode_AsEncodedString ().

UTF-32 Codecs

These are the UTF-32 codec APIs:

PyObject* PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference. Decode size bytes from a UTF-32 encoded buffer string and return the corre-
sponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to ”strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first four bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorder is
-1 or 1, any byte order mark is copied to the output.

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.

Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors,

int *byteorder, Py_ssize_t *consumed)
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF32 (). If con-

sumed is not NULL, PyUnicode_DecodeUTF32Stateful () will not treat trailing incomplete UTF-32
byte sequences (such as a number of bytes not divisible by four) as an error. Those bytes will not be decoded
and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)

Return value: New reference. Return a Python byte string using the UTF-32 encoding in native byte order. The
string always starts with a BOM mark. Error handling is "strict”. Return NULL if an exception was raised by
the codec.

PyObject* PyUnicode_EncodeUTF32 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode

data in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsUTF32String () or PyUnicode_ AsEncodedString ().
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UTF-16 Codecs

These are the UTF-16 codec APIs:

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Decode size bytes from a UTF-16 encoded buffer string and return the corre-
sponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to "strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first two bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorder is
-1 or 1, any byte order mark is copied to the output (where it will result in either a \ufeff ora \ufffe
character).

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF16Stateful (const char *s, Py_ssize_t size, const char *errors,
int *byteorder, Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF16 (). If con-
sumed is not NULL, PyUnicode_DecodeUTF16Stateful () will not treat trailing incomplete UTF-16
byte sequences (such as an odd number of bytes or a split surrogate pair) as an error. Those bytes will not be
decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. Return a Python byte string using the UTF-16 encoding in native byte order. The
string always starts with a BOM mark. Error handling is “strict”. Return NULL if an exception was raised by
the codec.

PyObject* PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode

data in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_ UNICODE_WIDE is defined, a single Py_ UNTCODE value may get represented as a surrogate pair. If
it is not defined, each Py_ UNICODE values is interpreted as a UCS-2 character.

Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_ UNTCODE API; please
migrate to using PyUnicode AsUTF16String () or PyUnicode_AsEncodedString().
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UTF-7 Codecs

These are the UTF-7 codec APIs:

PyObject* PyUnicode_DecodeUTF7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the UTF-7 encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF7 (). If con-

sumed is not NULL, trailing incomplete UTF-7 base-64 sections will not be treated as an error. Those bytes
will not be decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py_ssize_t size, int base64SetO,
int base64 WhiteSpace, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using UTF-7 and return a

Python bytes object. Return NULL if an exception was raised by the codec.

If base64SetO is nonzero, “Set O” (punctuation that has no otherwise special meaning) will be encoded in
base-64. If base64 WhiteSpace is nonzero, whitespace will be encoded in base-64. Both are set to zero for the
Python utf-7” codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsEncodedString ().

Unicode-Escape Codecs

These are the “Unicode Escape” codec APIs:

PyObject* PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the Unicode-Escape encoded
string s. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using Unicode-Escape and return the result as a bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Unicode-Escape and
return a bytes object. Return NULL if an exception was raised by the codec.

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

Raw-Unicode-Escape Codecs

These are the "Raw Unicode Escape” codec APIs:

PyObject* PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char *er-

rors)
Return value: New reference. Create a Unicode object by decoding size bytes of the Raw-Unicode-Escape

encoded string s. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using Raw-Unicode-Escape and return the result as a
bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py_ UNICODE buffer of the given size using Raw-Unicode-Escape
and return a bytes object. Return NULL if an exception was raised by the codec.
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Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style
Py_UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString() or
PyUnicode_AsEncodedString ().

Latin-1 Codecs

These are the Latin-1 codec APIs: Latin-1 corresponds to the first 256 Unicode ordinals and only these are accepted
by the codecs during encoding.

PyObject* PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the Latin-1 encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using Latin-1 and return the result as Python bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeLatinl (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Latin-1 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsLatinlString () or PyUnicode AsEncodedString().

ASCII Codecs

These are the ASCII codec APIs. Only 7-bit ASCII data is accepted. All other codes generate errors.

PyObject* PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the ASCII encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using ASCII and return the result as Python bytes
object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeASCII (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using ASCII and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsASCIIString () or PyUnicode AsEncodedString ().

Character Map Codecs

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done
to obtain most of the standard codecs included in the encodings package). The codec uses mapping to encode
and decode characters. The mapping objects provided must support the __getitem__ () mapping interface;
dictionaries and sequences work well.

These are the mapping codec APIs:

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the encoded string s using the

given mapping object. Return NULL if an exception was raised by the codec.

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers in the
range from 0 to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals) or None.
Unmapped data bytes -- ones which cause a LookupError, as well as ones which get mapped to None,
OxFFFE or '\ufffe', are treated as undefined mappings and cause an error.
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PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Encode a Unicode object using the given mapping object and return the result as
a bytes object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range from 0 to 255 or
None. Unmapped character ordinals (ones which cause a LookupError) as well as mapped to None are
treated as "undefined mapping” and cause an error.

PyObject* PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors)
Return value: New reference. Encode the Py_ UNTCODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsCharmapString () or PyUnicode_ AsEncodedString().

The following codec API is special in that maps Unicode to Unicode.

PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. Translate a string by applying a character mapping table to it and return the
resulting Unicode object. Return NULL if an exception was raised by the codec.

The mapping table must map Unicode ordinal integers to Unicode ordinal integers or None (causing deletion
of the character).

Mapping tables need only provide the __getitem__ () interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors has the usual meaning for codecs. It may be NULL which indicates to use the default error handling.

PyObject* PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *map-
ping, const char *errors)
Return value: New reference. Translate a Py_UNICODE buffer of the given size by applying a character

mapping table to it and return the resulting Unicode object. Return NULL when an exception was raised by the
codec.

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

MBCS codecs for Windows

These are the MBCS codec APIs. They are currently only available on Windows and use the Win32 MBCS converters
to implement the conversions. Note that MBCS (or DBCS) is a class of encodings, not just one. The target encoding
is defined by the user settings on the machine running the codec.

PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the MBCS encoded string s.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeMBCS (). If con-

sumed is not NULL, PyUnicode_DecodeMBCSStateful () will not decode trailing lead byte and the
number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using MBCS and return the result as Python bytes
object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Return value: New reference. Encode the Unicode object using the specified code page and return a Python
bytes object. Return NULL if an exception was raised by the codec. Use CP_ACP code page to get the MBCS
encoder.

3.3 B fE.
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PyObject* PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_UNTCODE buffer of the given size using MBCS and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_UNICODE
API,; please migrate to using PyUnicode_AsMBCSString (), PyUnicode_EncodeCodePage () or
PyUnicode_AsEncodedString ().

Methods & Slots

Methods and Slot Functions

The following APIs are capable of handling Unicode objects and strings on input (we refer to them as strings in the
descriptions) and return Unicode objects or integers as appropriate.

They all return NULL or —1 if an exception occurs.

PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. Concat two strings giving a new Unicode string.

PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Split a string giving a list of Unicode strings. If sep is NULL, splitting will be
done at all whitespace substrings. Otherwise, splits occur at the given separator. At most maxsplit splits will
be done. If negative, no limit is set. Separators are not included in the resulting list.

PyObject* PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. Split a Unicode string at line breaks, returning a list of Unicode strings. CRLF
is considered to be one line break. If keepend is 0, the Line break characters are not included in the resulting
strings.

PyObject* PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Join a sequence of strings using the given separator and return the resulting
Unicode string.

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end,

' int direction) ) )
Return 1 if substr matches str [start:end] at the given tail end (direction == —1 means to do a prefix

match, direction == 1 a suffix match), 0 otherwise. Return —1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direc-
tion)
Return the first position of substr in str [start :end] using the given direction (direction == 1 means to
do a forward search, direction == —1 a backward search). The return value is the index of the first match; a
value of —1 indicates that no match was found, and -2 indicates that an error occurred and an exception has
been set.

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int di-

rection)
Return the first position of the character ch in str[start:end] using the given direction (direction ==
1 means to do a forward search, direction == —1 a backward search). The return value is the index of the

first match; a value of —1 indicates that no match was found, and —2 indicates that an error occurred and an
exception has been set.

3.3 FriR e
T 3.7 WUHE PR start and end are now adjusted to behave like str [start :end].

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Return the number of non-overlapping occurrences of substr in str [start:end]. Return -1 if an error
occurred.

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t max-

count)
Return value: New reference. Replace at most maxcount occurrences of substr in str with replstr and return the
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resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)
Compare two strings and return -1, 0, 1 for less than, equal, and greater than, respectively.

This function returns —1 upon failure, so one should call PyErr_Occurred () to check for errors.

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Compare a Unicode object, uni, with string and return —1, 0, 1 for less than, equal, and greater than, respec-
tively. It is best to pass only ASCII-encoded strings, but the function interprets the input string as [SO-8859-1
if it contains non-ASCII characters.

This function does not raise exceptions.

PyObject* PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Rich compare two Unicode strings and return one of the following:

* NULL in case an exception was raised
e Py_True or Py_False for successful comparisons
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT,and Py_LE.

PyObject* PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. Return a new string object from format and args; this is analogous to format

o)

% args.

int PyUnicode_Contains (PyObject *container, PyObject *element)
Check whether element is contained in container and return true or false accordingly.

element has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **string)
Intern the argument *string in place. The argument must be the address of a pointer variable pointing to a
Python Unicode string object. If there is an existing interned string that is the same as *string, it sets *string to it
(decrementing the reference count of the old string object and incrementing the reference count of the interned
string object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification:
even though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you
own the object after the call if and only if you owned it before the call.)

PyObject* PyUnicode_InternFromString (const char *v)
Return  value: New  reference. A combination of PyUnicode FromString() and
PyUnicode_InternInPlace (), returning either a new Unicode string object that has been in-
terned, or a new (“owned”) reference to an earlier interned string object with the same value.

8.3.4 JLAANE

PyTupleObject
XA~Pyobject BFRAUMAF—> Python [T X 4 .

PyTypeObject PyTuple_Type
pyTypeObject HSBIAFE—A> Python JLHERL, X5 Python ]2 tuple EHFMXTE .
int PyTuple_Check (PyObject *p)
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int PyTuple_CheckExact (PyObject *p)
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PyObject* PyTuple_New (Py_ssize_t len)
Return value: New reference. EHR Bl — TGN S, KJE N len, TR [E] “NULLY,

PyObject* PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. J{{ H W& Bl — N TG X %, K/ANK n o, 2 MBI [H
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PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
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PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. 3R [i] p g M sCALi Y] i, HE low Fl high Z 18], B35 AR 2R i) 1z 0]
NULL, iX%[A]F Python #iks{ p[low:high] . AZFMIIEKIBRT].

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
1E p /1T TCLI pos ALEFH AR XS o 1951 M. BBIIIRE] 05 412 pos AL, MM -1, 4l

H—> IndexError BH& .

TR SRS BT XF o BT, FEEFER T P CAEZ L M AIE R A H G

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
R FryTuple_setItem(), (HAMATHRIGE, HHWIZ R 2@ KRBT

W XNES “fiE” —AxoWBIH, (HS5PyTuple_SetTtem () Nl, B REe EFXHEA]
PTG ST AT pos RLERAEATS | HERREB R -

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
A TR BT KN . newsize 52 TCHRYBE . HTCAH HON A ZA AL, BT A A TE
MGG —A5I B, Az E. WRICHT SR I a5 A ZE A .
TCAE IR B A K SN ICEREERASRINC4If A g — N Hocdl, ReEEa. MR
Ml 0 &P fCHS A ARE *p BYSRAERE-S T T I eREc AT EAE ] . Q2R T *p 51 RRS
4, WIRIRRY *p FREUE 8. R, R[E] -1, £f *p BEN NULL, H5|% MemoryError o

SystemError,

8.3.5 ZHIFFFIXIR

G P I RN T namedtuple () B C R, HI—AFF, Hoiyz A BT L@ BT . 2
BIRESHFA, AR Selb B 2 Y 45 751 26 2L

PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. HRF desc )0 d— A BE IG5 A0 FE IS0, R ik T DA
HPyStructSequence_New () Bl 45 TS T 1) SE 4 .

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc SHIAIIRALETH PP SI2R A type.,

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
4 PyStructSequence_InitType [, {HZhIRE 0, JKMGHRE -1 .

3.4 B RE.

PyStructSequence_Desc

B RIS 7 A1 R TAE B
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15 C z8 BEX

name const char * LER BB 24 B

doc const char * Fi ) B W R B[P SORY A AP R Bl NULL (3R %)

fields PyStructSequence_Field J4[a] Pk NULL 45 R IEAI 85, HFEAWK
* A

n_in_sequenceint Python fIll o] WL F B8k (A F/E )

PyStructSequence_Field
RGP 0 — AT B MEH P II PR BN SCA RS, BT B KB ZPyob ject %,
fEPyStructSequence_Desc i) fields ¥ MRS [HE T 4545 TR 2 WA BL .

o | C A BX

name const F B4 PR B NULL , # EE R w44 B YR, Wk E
char * “HPyStructSequence_UnnamedField DIMEEE R4 7B

doc| const LMY BOUR P AT AR B NULL

char *

const char * const PyStruct Sequence_UnnamedField

F B A R R A PR R R a2 RS
T 3.9 MBS XARAEM char * I,

PyObject* PyStruct Sequence_New (PyTypeObject *type)
Return value: New reference. B8 type [RSEH1, ZSEH LBl PySt ruct Sequence_NewType ()
A,

PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. 320 p Fr{8 MBI 45 B 5 H, (VT pos AbBIRT S . ANFEEFTIHR
KA

PyObject* PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem () WZEMAS.

void PyStruct Sequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
FFE5H 751 p FT] pos K7 BER BN 0. HSPyTuple SET_ITEM() —FE, EMIZHHTIH
FEAFIY LB

M XARE I TR o A5

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *o)
PyStructSequence_SetItem() WERA .

T XARREC BT TR o A5

8.3.6 FIRIR

PyListObject
XA CEAryobject HTIAAEK—> Python F X R .
PyTypeObject PyList_Type
X2 NET Py Typeobject HYF Python 5 RAA A SLH . & Python EHIFILA 1ist Z[]—4
xR
int PyList_Check (PyObject *p)
MR p & —DINRI R & — P ERLR R TR, REEH.
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int PyList_CheckExact (PyObject *p)
b p R —MIIRNG, ER ARy KL 7RG, RIE

PyObject* PyList_New (Py_ssize_t len)
Return value: New reference. J§EBR Bl — KR len B35, SRR [E] NULL,

R 24 len KT BB, #k B F) R X200 H 85 8 NULL. B AR G H 254 C o
¥ pysequence_SetItem() % API 8i# M C lR¥PyList_SetItem() r{j‘ﬁ)fﬁiﬁﬁuﬁ
BLELSEXT G HiR Python A% A FF X 14 .

Py_ssize_t PyList_Size (PyObject *list)
R[] list PHNFX R SE . XETAETFRIZR A Len (1ist)
Py_ssize_t PyList_GET_SIZE (PyObject *list)
TN C mgkpyList_Size () , AR,
PyObject* PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. 1% [9] list fir 35 [0 4 38 H index (Vi B _F X% . L EEH AN AET
B A SISV FRRIEATHRT] . AR index 1T A5 (<O or >=lenlist)), WX [el NULL Jf B

IndexError JH,
PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. T2 C BREPyList_GetItem() , ARG,
int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
R R RGN index W)IVN item. LI [E] 00 QAR index i 3 B W2 o] -1 I3 &

IndexError JiH,

TEfd: W “fE” — AR item BSIIFEFE— MR P22 WAL E LR EA AR H G

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *o)
AR AR Py List _Set Ttem (). JXE R THHR D ZHIA WA ALE T
3T,

R ZRS E” — AR item 51N, (A5 PyList_SetTtem () AFEMZE RaEFAEAM
PO BT A list (9 § AL BTSSR gt ex -

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)

P& H item 1 AF5) 3 list K515 index Z BRI E . QA TIRFRE 05 AOSEA KWz [E] -1 Ff
WE— NS, M4 T list.insert (index, item),

int PyList_Append (PyObject *list, PyObject *item)
PEXSG item TS IMENZ) 3% list WIARJE . NS AIRFRE] 05 QISRAS I WER ] -1 I E— .
BT list.append(item).,

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. ﬁlﬁl*ﬁi@%ﬁ 2%, A5 list 40T low Rl high Z 1A X 5. QISRAN
SN IR [E] NULL H% B S 4. H4TF list [low:high]. REFEMIIEKEIITET],

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
- list 249 low 5 high 2 [R|Y] i K itemlist I INZY . FH24T list [low:high] = itemlisto
itemlist P Ak NULL, FoRMREA— 2508 (WD) . BhEhRE o, KK iR o IXH
Tii‘ff/\}\ﬁﬂ%%ﬂi%ﬂ‘ TR

int PyList_Sort (PyObject *list)

Xt list A% HBATIEHHRR . BRI 0, JRIKTR o EEMT list.sort (),
int PyList_Reverse (PyObject *list)
Xt list A% H AT IEUCRS . R IE] 0, R IKHRFIR o XEHEMT list.reverse (),

8.3. FRAINIgR 109



The Python/C API, %47 3.9.0

PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. 12 Bl —ANE e %, HAES list NE: T tuple (list) .

8.4 FAMR
8.4.1 FHIUR

PyDictObject
XANPyobject HFRBEE—> Python FHXIR .
PyTypeObject PyDict_Type
Python “FIMBERIFIR K Py Typeobject LM, X5 Python 2T dict @AM XA,
int PyDict_Check (PyObject *p)
W p B WG B IR 7R L), WERFE.
int PyDict_CheckExact (PyObject *p)
WER p R F M GEA R F IR TR SBR[ .
PyObject* PyDict_New ()
Return value: New reference. 1R[]l — AN 2S 2L, SRR [9] NULL.
PyObject* PyDictProxy_New (PyObject *mapping)
Return value New reference. IR 8] types .MappingProxyType X4, FT 5% 34T HisedT A e
e SXIE TR E AR 1B AR sh AR S
void PyDict_Clear (PyObject *p)
T2 BT TS AT B
int PyDict_Contains (PyObject *p, PyObject *key)
i key XEE@Q%E% p e AR key IEEC b p WRE—T0, WWaR[E] 1, AMWGRIE 0 o & -1 3%
AN . X5 AT Python RKiAH key in p.
PyObject* PyDict_Copy (PyObject *n)
Return value: New reference. 1 IEI 5 p A5 AH R A R
int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
B key fERBERF val TEANFHL po key WA Rhashable; QIERANZE, WG| K TypeError. HIIH}
I 0, SRR —1. LERAL R AMAAT val 95

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
) key fF hy 8 A5 val 48 A B F M po key 244 const char*. B Xl 4 2 il A
PyUnicode_FromString (key) 'J@E’J JCHIEF IR A O, RMETIR E] -1, UMLK BT R A I
Xt val (51 H

int PyDict_DelItem (PyObject *p, PyObject *key)

Rl i p i key FIZCH o key AAZ52 AT G A 1Y 5 ﬂﬂ%?m, ﬂ"JAé'Iii TypeError, IRl
EP&ﬁkey, W 5| % KeyError. MIIHFRME 0, KR

int PyDict_DelItemString (PyObject *p, const char *key)
BT p R AT key SREMERI A H o WERTFIAEA key, WGk KeyError. M
AR[E] O, SR e —

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)

Return value: Borrowed reference. ML p H1iR B DA key HEEIRT S . QNS key NIFAE(H A X
B W ] NULL

FEFEMWLE, WH _hash. () Ml _eq () HFETFEWMEEASH W BE. X
HPyDict_GetItemWithError () i miiE .,

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () (A, BASHEMSEE. M5E L4
iR NULL Jf B — a4 AEREAAAENGR ] NULL Jf HAZRE— R
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PyObject* P