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CHAPTER 1

Python [ i e 11 (APL) fiif5 C Al C++ F2fy R AT ATEZ A2 L F 151 Python f# s . % APLTE C++
HEFERT AL, RN TR LA, B HRFHAR Python/C APL. i ] Python/C APL A7 PN EEARHY PR o 58—~
HURN THEE IS &7 Rk BN B Python MEREARDIAEN C L. X n] B fiei W BT 37 5
55 " ANPRER JERF Python MRS CHBER HI Y15 XA 9 38 5 AR AE— 1B ) Y embedding Python..

GG RIS AR R UL ) T HYE, ATl Sl BB IR G. E TR A — A
JEE AR R B AT A T i A Python A R EA 2, {Hitk A Python [ FE A 44 5
PRI R T B -

VFZ APT BUEAR IR A B & Python sX PR NARREAEIE . BN, KR A Python [ 1Y HIFE 7
WHRERALEE YR, A 2R S BRI H i A Python 2 B e B S TRV X &2 5

1.1 K4k

WARARAR B4 5 ] 45 T CPython ) C UMY, 1R BAUEHRTE PEP 7 HE U H5 2 W AR, XL 45T
W3 ) AT AT R By 254 11 Python A4S . FEAM 5 4R H C ISR =07 I AN, al DU AR X LU AT, Rl
VRUESEAE H 5 1) Python TTRkIX LU .

1.2 8&XH

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

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

X EWEM S AT ARk S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERATH).
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1Efif: 1T Python T BEL E L —SERETEIELE R 58 s e hm o Sk SCPRR FRAL BRAS E S, PR A0 & AR AT A
K2 HT, AR L RSE A Python . h.

It is recommended to always define PY_SSTZE_T_CLEAN before including Python . h. See f# 47 40 H # i 1A%
< for a description of this macro.

Python.h 5 SCARYAHB M P m] WA AR (b B & bRk SCURBInE LFRAT) #RAT AT Py 50 _Py. DA _Py
TR A AR Python SCBLN ARG HIFY , AR TRA S E M o S5 24 PRI PR B R

{Efit: 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 &5 Python —E2 4% . FF Unix I, B/ TPATHSR: prefix/include/pythonversion/
Ml exec_prefix/include/pythonversion/, H H prefix Ml exec_prefix J& Hi [f] Python
configure I ARG AWXT N TE S FE X, T version Wk '$d.%$d' % sys.version_info[:2]. fE
Windows |, K324 T prefix/include, HW prefix @R RFIRERN LR H .

BRLE SISO, R E S (AR ERECEIRE F g it S R A . 1 R/ ACH S
RIEFERIGHA #include <pythonX.Y/Python.h>; XIHEHZ-FEHmIFAH, HHN prefix [
BILRIK TR EM S K EH exec_prefix FRpE ARSI,

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

1.3 FHME

Python 3k U E LT —S8H R 2. L BAESET A9 35 & XA (BlfPy RETURN_NONE) ,

Al g P I 5 AR L. 3 L R AR SR B B 2

Py UNREACHABLE ()
AT ATERA — AT Bl i RAD B AR . B0, 24— switch iB4)H BTG nl BEH(EAR
B case T T, SR AT default s FATH . SARIEREEEANLE 1 assert (0)
5 abort () JAHEHAPARIXAS.

3.7 BRI HE.

Py_ABS (x)

R x 4
3.3 B IIHE.

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

3.3 Hge.

Py_MAX (X,y)
R x Fy MR A .

3.3 B fE.

Py_STRINGIFY (X)
B x Hafoky C F4FH . B Py_STRINGIFY (123) &[] "123",

3.4 BRI HE.
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Py_MEMBER_SIZE (type, member)
R E5H#) (type) member A/, PAFATER.
3.6 Frh e
Py_CHARMASK (c)
SRR [-128, 1271 5 [0, 255] Ju Bl N I FEAF el B8 BB . XA 20 ¢ il #5454 unsigned char
R 1A]
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.

Il

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

TE 3.8 Il EEP: 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.
Bl

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

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

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

Use PyDoc_STR in specifying docstrings to support building Python without docstrings, as specified in PEP 7.
N

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

1.3. FHNE 5
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1.4 5. ERFSIATHE

Most Python/C API functions have one or more arguments as well as a return value of type PyObject *. 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 Py TypeOb ject objects.

A Python %t% (HLZ Python %) #RG—1 type Fl—A> reference count, Xt4 1280 & B4 281
X5 (BIanseg. F R o LREG WA EZL, A types TR ) o XFFRASARPT R FIRREL, #E 1%
KAGARGE B T2 AL B, 24 (HACY) a Frigfixi 42 Python 51| A PyList_Check (a) HH.

1.4.1 S5|HVHE

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
PyTuple_SetItem
PyTuple_SetItem
PyTuple_SetItem

3)i

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

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

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

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

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

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

PyObject *tuple, *list;

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

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

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

Py_ssize_t i, n;

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

return 0;

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

and PySequence_GetItem (), always return a new reference (the caller becomes the owner of the reference).

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

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

long

sum_list (PyObject *1list)

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

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

return total;

long
sum_sequence (PyObject *sequence)

{

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

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

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

}

return total;

1.4.2 R

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

1.5 &

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

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

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

The full exception state consists of three objects (all of which can be NULL): the exception type, the corresponding
exception value, and the traceback. These have the same meanings as the Python result of sys.exc_info () ; however,

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

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

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

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

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

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;
}
const_one = PyLong_FromLong (1L);
if (const_one == NULL)
goto error;

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

goto error;

if (PyObject_SetItem(dict, key, incremented_item) < 0)

(Rt

10 Chapter 1. #Li&




The Python/C API, %k 7%; 3.8.6

(£ 50

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

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item);

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

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

1.6 #& A Python

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

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

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

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

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

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

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

1.6. #& A\ Python 11
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true if Python is currently in the initialized state. More information about these functions is given in a later chapter.
Notice that Py_FinalizeEx () does not free all memory allocated by the Python interpreter, e.g. memory allocated
by extension modules currently cannot be released.

1.7 iEifa@

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

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

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

B TR ST RORZ A, e AT A T B MG A -
o BOME ARSI E X R BLAs -
TR LRSS TN AT e R 20 13 o
* Downcasts from wide types to narrow types are checked for loss of information.
s VFZIBTE RSB F ARG LI . 735, RENREE test_c_api () k.
AEAS B S B IER A FIRE R B
B TCREARI A AR A7, AR R AL KT 5
o INIRIZIRESANVES N S AL 2 R B s AT
¢ Extra checks are added to the memory arena implementation.
o INIARNE S LA
X HLATRESCA R 2 BB MG

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

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

The Very High Level Layer

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

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

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

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

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

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

3.8 BRI HE.

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

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
This is a simplified interface to PyRun_AnyFileExFlags () below, leaving the closeit argument set to 0.
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int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
This is a simplified interface to PyRun_AnyFileExFlags () below, leaving the flags argument set to NULL.

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

int PyRun_SimpleString (const char *command)

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

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

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

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

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

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

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

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

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

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

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

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

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

int (*PyOS_InputHook) (void)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

to NULL.

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

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

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

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

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

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

3.4 B 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 evalua-
tion. This environment consists of a dictionary of global variables, a mapping object of local variables, arrays of
arguments, keywords and defaults, a dictionary of default values for keyword-only arguments and a closure tuple
of cells.

PyFrameObject
The C structure of the objects used to describe frame objects. The fields of this type are subject to change at any
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
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associated with the execution frame f is executed, interpreting bytecode and executing calls as needed. The addi-
tional throwflag parameter can mostly be ignored - if true, then it causes an exception to immediately be thrown;
this is used for the throw () methods of generator objects.

T 3.4 WU EE P This function now includes a debug assertion to help ensure that it does not silently discard an
active exception.

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

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

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

int Py_single_input
The start symbol from the Python grammar for a single statement; for use with Py CompileString (). 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 *flags is NULL, cf_flags is treated as equal to O, and any modification
dueto from _ future_  import is discarded.

int cf_flags
Compiler flags.

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

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

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

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 0 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 not 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.

{Ef#: 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).
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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 sys . stderr and clear the error indicator. Unless the erroris a SystemExit, in
that case no traceback is printed and the Python process will exit with the error code specified by the SystemExit
instance.

FUAAEAR R TG /R B L A7 BRI eR K, 75 X & W B R

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.

void PyErr_ Print ()
PyErr_PrintEx (1) M54 .

void PyErr_WriteUnraisable (PyObject *obyj)
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 impos-
sible for the interpreter to actually raise the exception. It is used, for example, when an exception occurs in an
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 &=

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_RuntimeError. You need not increment 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 () butlets 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 (),buttakingava_11st argument rather than a variable
number of arguments.

3.5 B fE.

void PyErr_SetNone (PyObject *type)
This is a shorthand for PyErr_SetObject (type, Py_None).
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int PyErr_BadArgument ()
This is a shorthand for PyErr_SetString (PyExc_TypeError, message), where message indicates
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 returns
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 inte-
ger errno value and whose second item is the corresponding error message (gotten from strerror () ), and
then calls 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 *filenameObject)
Return value: Always NULL. Similar to PyErr_SetFromErrno (), with the additional behavior that if file-
nameObject is not NULL, it is passed to the constructor of type as a third parameter. In the case of OSError
exception, this is used to define the £i1lename attribute of the exception instance.

PyObject* PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)
Return value: Always NULL. Similarto PyErr_SetFromErrnoWithFilenameObject (), buttakes asec-
ond filename object, for raising errors when a function that takes two filenames fails.

3.4 BN RE.

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. Similar to PyErr_SetFromErrnolWithFilenameObject (), but the file-
name 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.

u] H 4 Windows.,

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

] M Windows.,

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

B] H 4 Windows .,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyOb-
Ject *filename)
Return value: Always NULL. Similar to PyErr_SetFromWindowsErrWithFilenameObject (), withan
additional parameter specifying the exception type to be raised.

u] H 4 Windows .,
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PyObject* PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyOb-
Ject *filename, PyObject *file-
name?2)
Return value: Always NULL. Similarto PyErr_SetExcFromWindowsErrWithFilenameObject (),but

accepts a second filename object.
|] 4 Windows .,
3.4 B fE.

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

name)
Return value: Always NULL. Similar to PyErr_SetFromWindowsErrWithFilename (), with an addi-

tional parameter specifying the exception type to be raised.
B] H 4 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 .

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 exceptionis a SyntaxError.

3.4 B

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
Like PyErr_SyntaxLocationObject (), but filenameis 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 indicates
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 0 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
PyErr_WarnEx (), 2 is the function above that, and so forth.
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Warning categories must be subclasses of PyExc_Warning; PyExc_Warning is a subclass of
PyExc_Exception;the default warning category is PyExc_Runt imeWarning. The standard Python warn-
ing categories are available as global variables whose names are enumerated at 7 /f 22 58 531,

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, Py-
Object *path)
Return value: Always NULL. Much like PyErr_SetImportError () but this function allows for specifying a
subclass of ImportError to raise.

3.6 B

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

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

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

3.2 B fE.

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

3.6 BRI HE.

5.4 Querying the error indicator

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

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

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

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

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

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

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

PyErr_Restore (type, value, traceback);

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

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

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

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

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

{#f#: This function does nor implicitly set the __t raceback___ attribute on the exception value. If setting the
traceback appropriately is desired, the following additional snippet is needed:

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

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

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

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

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 SIGINT 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 nexttime PyErr_CheckSignals () is called, the Python
signal handler for SIGINT 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 equivalent to signal.set_wakeup_£fd ()
in Python, but without any error checking. fd should be a valid file descriptor. The function should only be called
from the main thread.

T 3.5 iR L 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
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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 BRI HE.

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

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

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

__suppress_context___isimplicitly set to True by this function.

5.8 Unicode 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 aUnicodeDecodeError object with the attributes encoding, object, length,

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

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

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

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

3.3 G E AR 3.11

Py_UNICODE is deprecated since Python 3.3. Please migrate to PyObject_CallFunction (PyExc_UnicodeEncodeErr
"sOnns", ...).
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PyObject* PyUnicodeTranslateError_Create (const Py UNICODE *object, Py_ssize_t length,

Py_ssize_t start, Py_ssize_t end, const char *reason)
Return value: New reference. Create a UnicodeTranslateError object with the attributes object, length,

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

33 G EME: 3.11

Py_UNICODE is deprecated since Python 3.3. Please migrate to PyObject_CallFunction (PyExc_UnicodeTranslatel
"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)
Get the start attribute of the given exception object and place it into *start. start must not be NULL. Return 0 on
success, —1 on failure.

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

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

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

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

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

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

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

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

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

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

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

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

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

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

If the object has already been processed, the function returns a positive integer. In that case the ¢ p_ repr imple-
mentation should return a string object indicating a cycle. As examples, dict objects return { . ..} and 1ist
objects return [...].

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

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

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

510 IRERE

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

C &% Python Z#R EXe
PyExc_BaseException BaseException (1)
PyExc_Exception Exception ()
PyExc_ArithmeticError ArithmeticError (1)
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError

TTI4R%:
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R1-ZEW

C &R Python #Z#R TR
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 (1)
PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError 2)
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclIteration StopAsyncIteration
PyExc_StopIteration StopIlteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError
PyExc_UnicodeDecodeError UnicodeDecodeError
PyExc_UnicodeEncodeError UnicodeEncodeError
PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateError UnicodeTranslateError
PyExc_ValueError ValueError
PyExc_ZeroDivisionError ZeroDivisionError
3.3 oM B gk PyExc_BlockingIOError, PyExc_BrokenPipeError,
PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PyExc_FileExistsError,
PyExc_FileNotFoundError, PyExc_InterruptedError, PyExc_IsADirectoryError,
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PyExc_NotADirectoryError, PyExc_PermissionError, PyExc_ProcessLookupError and

PyExc_TimeoutError fZEHN N PEP 3151.
3.5 B Be
3.6 B fE

X UL RS A4 PyExc_OSError:

: PyExc_StopAsyncIteration fll PyExc_RecursionError.

: PyExc_ModuleNotFoundError

C &R R
PyExc_EnvironmentError
PyExc_IOError

PyExc_WindowsError 3)

76 3.3 R SRR I 2
W
(1) SRR SRR

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

BRI S A

5.11 FREZEHZRS

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

C &#R Python %R iR
PyExc_Warning Warning H
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
HRE:

(1) X2 H AR 2RI S .
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6.1 RIERFHER

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

3.6 BRI HE.

int Py_FdIsInteractive (FILE *fp, const char *filename)
Return true (nonzero) if the standard I/O file fp with name filename is deemed interactive. This is the case for files
for which isatty (fileno (fp)) is true. If the global flag Py_InteractiveFlag is true, this function

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

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

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

3.7 B RE.

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

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

3.7 B

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

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

3.7 B ge.
YR

=

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

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

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

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

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

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

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

Encoding, highest priority to lowest priority:
¢ UTF-8 on macOS, Android, and VxWorks;
e UTF-8 on Windows if Py_LegacyWindowsFSEncodingFlag is zero;
e UTF-8 if the Python UTF-8 mode is enabled;
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* ASCITI if the LC_CTYPE localeis "C",nl_langinfo (CODESET) returns the ASCIT encoding (or an
alias), and mbstowcs () and wcstombs () functions uses the ISO-8859-1 encoding.

* the current locale encoding.

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

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

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

The PyUnicode_DecodeFSDefaultAndSize () and PyUnicode_DecodeLocaleAndSize ()
functions.

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

¥E 38 M FE MW The function now wuses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlag is zero;

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3.2 BRI HE.

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

3.2 B

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

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

3.2 B fE.

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

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

Note that # format characters should always be treated as Py_ssize_t, regardless of whether
PY_SSIZE_T_CLEAN was defined.

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

7r 3.8.2 R Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation warning
was raised.

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

userData $55F 2 PUEN T RE T T RECTREM ARSI TR, %485 AN Y B 45 17 Python
RE.

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

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

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

5l &— HiTE}; sys.addaudithook, % AMHSEL.
3.8 FriR e

6.3 TR

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

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

TE 3.6 i H ¢e: Errors from finalization no longer ignored.
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int Py_AtExit (void (*func)())
Register a cleanup function to be called by Py FinalizeEx (). The cleanup function will be called with no
arguments and should return no value. At most 32 cleanup functions can be registered. When the registration is
successful, Py AtExit () returns O; on failure, it returns —1. The cleanup function registered last is called first.
Each cleanup function will be called at most once. Since Python’s internal finalization will have completed before
the cleanup function, no Python APIs should be called by func.

6.4 SRR

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

ZEREUR R M R AR A

PyObject* PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. %R ZPyImport_ImportModule () WM—HHRFEMI A4 .

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

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

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

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

PyObject* PyImport_ImportModulelLevelObject (PyObject *name, PyObject *globals, PyObject *lo-
cals, PyObject *fromlist, int level)
Return value: New reference. Import a module. This is best described by referring to the built-in Python function
__import__ (), asthestandard __import__ () function calls this function directly.

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

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

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

T 3.3 JiREE P Negative values for level are no longer accepted.

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

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

{:fft:  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 RE.

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

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

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

The module’s ___spec___and ___loader__ will be set, if not set already, with the appropriate values. The spec’s
loader will be set to the module’s __1oader__ (if set) and to an instance of SourceFileLoader otherwise.

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

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

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

See also Py Import_ExecCodeModuleEx () and PyImport_ExecCodeModuleWithPathnames ().

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

%%ﬂPyImport_ExecCodeModuleWi thPathnames () o

PyObject* PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, Py-
Object *cpathname)
Return value: New reference. Like Py Tmport_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 B fE.
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PyObject* PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const

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

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

3.2 B .

TE 3.3 i P Uses imp.source_from_cache () in calculating the source path if only the bytecode path
is provided.

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

15 3.3 U RO R I -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 B RE.

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

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

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

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

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

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

3.3 B Tfe.
T 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 instead
of a Unicode object.
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struct _frozen
This is the structure type definition for frozen module descriptors, as generated by the £reeze utility (see Tools/
freeze/ in the Python source distribution). Its definition, found in Include/import.h,is:

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

bi

const struct _frozen* PyImport_FrozenModules
AR AR FE ] struct _frozen $4H, PANULL 83 0 /NS HRARIC. 24— ARSI S
A, BEIREAEXARPE R 5B =07 AT ALAR S B S B @ i AR 5 B e A

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

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

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

bi

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

6.5 ¥R marshal £

X LEBiRE e iF C AU ALBE S marshal BT A EAR R 21 A x5 o oA 2L ek B0n] I RRF R0 5
ANEFFPFIRE, 55— L s O] A O Bt . 1T 776 marshal B i) SCPF a2 A — 30 il A
19F.

BOPHEAEAF I SR RO AT % -

R SR P AP RREAS SCAS  58 O O I A, 55 1 AR SO marshal 58814 36 2 AR i 5
4%)?% o B 2 A GRS IR, Py_MARSHAL_VERSTON M T 4B SCIFAA L (24 BTHUE N
2)

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
Ft—A~ Long BEE value A marshal 15 A file. XX HE A value ek 32 75 L AML Long 2%
PR BEUNA] . version F5EHSCHAR& R IRUAS o

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)

Be—~ Python X% value DA marshal 1= 5 A file, version 3g R SCAHE 2B AN
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PyObject* PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. i [1]—/~3% value 1] marshal Z5R R FETTEREXTE . version YU UL
XA .

PATR B &R VRSO IS A7 fi# ol marshal #55XA1E

long PyMarshal_ReadLongFromFile (FILE *file)
MATTE AT B FTLE* BRI ER IR I —A~ C Long. L BREU BN 32 (E(E, ToigApl
long KA SR AT
KRR, R BRI M 7 H (EOFError) k] -1,

int PyMarshal_ReadShortFromFile (FILE *file)

MATFF T2 EUR FILE* BT SR IR B —A C short. fif R HUA EIEE 16 MIfAME, ToibAs
Ml short ZEAIRK FE M A

KA, BB E S A (EOFError) k[l -1,

PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. MFT I T 52BUH) FILE* BYXT R EUHE 7 1% [0l —~ Python X4 .

KGR, R EE S R (EOFError, ValueError B TypeError) ik [F] NULL,

PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. M FTIF T 2B FILE* {955 N B8 7 4% Ml — 4~ Python ¥ 4. A [H
TPyMarshal ReadObjectFromFile (), WRREUIERFATFEMZRSCH IR Z %4, ARrHRG
SCUFEAR B 2N A, PAE BT 4 A R F] DATE AR s 48R TS 2 B RO SO i — A
FA o A AR E A 2 B ST 2R i AT A B K
KAFEARE), HIREE S P R (EOFError, ValueError B TypeError) iR [H NULL,

PyObject* PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. ML 1510 data W len -5 B35 5 0 X %F B B9 8038 7L 1% 9] —> Python
PO

KR, R EE S R (EOFError, ValueError B TypeError) iR [F NULL,

6.6 MTSHHMBELE

TEREAR H Y R BT IANS, XLk Be A . HERE EAHAEB] UL extending-index .

xR B A W Bl = A4S, PyvArg ParseTuple (), PyArqg ParseTupleAndKeywords (), DA
KpyArg Parse (), BEATERE M #& X AL F 45 B K KF o6 FOW A7 09 2 805 700K 8. 3% 28 ok B50AR 87 A1
[ BRI A% A A R

6.6.1 fRITSH

— PR A 0 B 2 M IT. — M B ICH R A — 4> Python XI55 Bl H 217
P MAE SRR R ITES . B T ARBISN, — IR S 7 51 RS 2 BTGl 0 X 28 e K BAT
MR SR R ORIRIA T, XG5 NI FEARE R HIT: BEES O WATZXT XA TR
Python X RFKM; Jrfis [ e feidny C A8kt (Aemdle) J2.
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FHENEBER

X B ARV S 45 BTS2 ) N AP A T 1) . RV DA BRI IR [F] Y unicode P4 508 775 X 1Y IR R
BlE A7 -

— R, MR B E N REE R X, XA R X AT AR B Y Python X445 8], I HaxX A~
SR X IS S AR . R TT BB RE T NAEZS 0] . [ TiX4E es, es#, et and et #.
SR, Y{—Py_buffer GEMRIRIEL, HALSHZ 0 KGEEE, T DAV B EM S 6 X~ Zeh X, B
{EPy BEGIN_ALLOW_THREADS ¥eHr, AJ DA SR ] AR B R A PR A/ INEl B s B oy R i KUBS: o TR,
AR PyBurfer Release () FEYREEREIHII A HERT (B AE 2 FAT A TR o)

AR AU, B X EARSPASS AR .

kg X TR 2 IS bytes-like object , FFREFGEN AN R Z 0 XG50 . AT B ARG pyBufferProcs.
bf_releasebuffer FR 2 A NULL RKIEEH, MFEA RN bytearray XA AT AEXT4E .

HfR: A # kWA (s#, v#, F%), KESHNEE R py_ssize_t) fEflH Python.h
S22 i PY_SSIZE_T_CLEAN 70 . WX 29 X, KEZ—1 Py_ssize_t Python
TCINRBIMARE—A int AL, FEARA) Python AR H#F & Ay, HSekF Py_ssize_t MiFF XHF int
$ R E X PY_SSIZE_T_CLEAN X4~%.

s (str) [const char *] }f—> Unicode X 45 ii— Mg m #4781 C f85t. — MR — P CEfEEm
TR XTI R R AL R AR A B C PR RO SRR . Python PR ABEML S
AR TCRURARRG S R e, — ValueError &5 & . Unicode X R, 'ut £-8" 4
1) C FAfe . RFEHR R, —4> UnicodeError PG K.

Wi XAFRIBAXAN B Zbytes-like objects . QAR Z U R BRI ENRAK C 455, @l
ffif] os Tk A PyUnicode FSConverter () {EN $10F3,

TE 3.5 MU e PATIT, 24 Python “AAFER Hi# 2 T i A null AR 552551 & TypeError .

s* (str or byfes-like object) [Py_buffer] iX AU H:5Z Unicode X R M2 JF A R A4 . & A HIEH
FiMER Py _buffer Z5HMRIE . X HEERA C FEAF T REM S i A NUL 775 . Unicode X423 it
"ut £-8" GBI C FAFHR

s# (stx, Hifkbytes-like object) [const char *, int or Py_ssize_t] 1 s*, BT ENEZHBMNS ., GfGE
ETEPIAS C A2 g, B—AS2F81 C FRFRMIEE, B MEEMKE. FAF TR S AR null
FH7. Unicode X LR E LT 'ut £-8" JhsE Ll C FAFH .

z (st or None) [const char *] 5 s 25{p), {H Python X} LA fighy None, FEXFHI T, C IeEHIKE N
NULL,

z* (str, bytes-like object or None) [Py_buffer] 5 s* J5{), {H Python X} Rt ] §E°H None, FEXFFEMILT,
Py_buffer $5¥JH) buf il G E A NULL,

z# (stx, Hifbytes-like object B None) [const char *, int 0§ Py_ssize_t] 5 s# 240/, {H Python %5t ] fig
A None, FERXMEOLT, CFaEHEE N NULL,

y (read-only bytes-like object) [const char *] X FkRF— D RFATREDS LEAL I — M8 1 P4 1Y C $5

Bt BEAEERZ Unicode X5, P A7 KAMIUAEL S A null 7475 QAR T null 5245, 5] %—
A~ ValueError B,

5 3.5 MU HC PART, 245 g XAl E] T AR null 775 25] % TypeError .

y* (bytes-like object) [Py_buffer] s* [{JA5=, &% Unicode X%, HIEZIegariiidi g, Xds ik
Biiti )ik
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v# (R ifbytes-like object) [const char *, int 8§ Py_ssize_t] s# A5, 357 Unicode X152, HiEZ 74T
KR R

S (bytes) [PyBytesObject *] Zizk Python %[5 bytes %4, A2k iFF LM, 1R IZRTZ AN bytes
XN 25| % TypeError. CAFRWM AR HPyobject * A1,

Y (bytearray) [PyByteArrayObject *] Zizf Python Xf4 4 bytearray %%, Al f TR 5EH . W
PR N bytearray WRME5| Kk TypeError. CAERWM A Pyobject * KA,

u (str) [const Py_UNICODE *] 34— Python Unicode X} 44k i #5 [i]— > PAZS & 1114 Unicode P44 2% X
WIFEEr . ARG N—A~Py_UNICODE FgEI7E S ihl, 176 17— A48 & & A7A4E /) Unicode ZZ1 X
FIFEEr. WETER—ANPy_UNICODE FEBYWFAF 58 BE I T4 i3 Wi (16 (7834 32 i), Python "4 Hp
DAASBEAL B i AR null ARG 5 WRA, 51%—4> ValueError 2,

15 3.5 MU HC: PART, 24 Python “FAFH il 2 THRARY null {05 &5 1% TypeError .

Deprecated since version 3.3, will be removed in version 4.0: X J2 |H R £t z\Py_UNTCODE APIL; i iT #%
$PyUnicode AsWideCharString().

u# (str) [const Py_UNICODE *, int o Py_ssize_t] u (W4, MM C A&, 55— MREE—1
Unicode FHZ A7 X, 5 A2 EMKE. Bl null AR5,
Deprecated since version 3.3, will be removed in version 4.0: X 2 |H R £t z2\Py_UNICODE APIL; i iF #%
ZEPyUnicode AsWideCharString().

Z (str B3 None) [const Py_UNICODE *] 5 u Z51{), {H Python %I 4 i 7] € & None, ¥E£ X Fi 1 L
FPy_UNICODE $8%ti% 8 & NULL,

Deprecated since version 3.3, will be removed in version 4.0: X 2 [H R £t :\Py_UNICODE APIL; i iF #%
ZPyUnicode_AsWideCharString().

Z# (str 3 None) [const Py_UNICODE *, int 8, Py_ssize_t] 5 u# 35|, {H Python X} 4t 1] §E K None,
TEX PO Py UNTCODE #8511 # ) NULL,

Deprecated since version 3.3, will be removed in version 4.0: X 2 [H R £ty _UNICODE APIL; % iF #%
FPyUnicode_AsWideCharString().

U (str) [PyObject *] %izK Python X524 Unicode X5, NI TAE( e . NS ZXT AN Unicode X452
Mj2x5| % TypeError., CASRMW PR NPyObject .

w* (n[ ;G bytes-like object) [Py_buffer] X >3k X ZALM LI T B2 5 ZAF K RN . BN
et Py _buffer G5MIMRME. Zemh X AT BEAFAEfRARY null 52750 24 e DX 56 )5 U 2 =5 20
HPyBuffer Release ().

es (str) [const char *encoding, char **buffer] s {7255, B B985 Unicode FRIEAF/FEZMIX ., BH
AR PRV A ik NUL =275 1 E gm s £ «

WA AT EWNSE. B MUHERA, I HabHh const char*, ‘BEg—~PA NUL 451
TFERFRR I IR N B, B8 N NULL, XFRMI "'ut£-8" 4afidtg. W15~ Python JoykiH B
YA M FR LB R T . B ASEIR char**; RTS8 EHER 0515 A S 8O
WA . SCAKF LSS — S H00r 8 2 (R G 8 Xt A T4 0
PyArg_ParseTuple () &0 HE—" RN, K5daid 5 W55 DEX > g ap X Bk E
“buffer 5| HXAH A BCHI WA R . WHE A TUEEM H G PyMen _Free () KREC &0 BN S
X,

et (str,bytes or bytearray) [const char *encoding, char **buffer] il es F[&], & T A EHRLE AN
FRAERNG . MR, EEREEARNSECE RIS G AR,

es# (str) [const char *encoding, char **buffer, int 5} Py_ssize_t *buffer_length] s# {25z, B KE HIG
[ Unicode “FAFEATAFEZ MK . MG es RiFA, BEARVHEAREHEE S NUL 45,
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ERE=ABEC HMUIERA, FFHRAUN const char, B PREHEAATR, BN
PANUL 45 FAFHR B NULL, FEJ5— Mg ol TRAEN rut -8 gifdisa. anRampdisaXa ok
B Python IHHIN 5] K5 5 —ASEMCN char**; BIFG|HHREHER PO TA SRR
WA X o SCARKFLASE — SR 12 W 9 P AR I T i o 26 =SSR AU s il — A0
Tt 90 | AR RCR s oA it Znh X T B AR

AP

U2 *buffer 1717 NULL $55F, W eRECREMBC el R/NRZEni X, R g 0 Rcdle i i 2 st Zenb X, It
B *buffer VAG | IB 2 BLAA7 ik R ST PyMem_Free () VAEREH R RERL T BL Sk IX .

ISR *buffer F109E NULL #5841 (0 BCHIZMIX), WPyArg ParseTuple () ¥ AL EAE Ry G
X, K *buffer_length FIFIIGIEMERE N ZMIX KN, SRG, BRHGmSREBIEE H B Z X, H&Ik
B WREHFXAELR, RFEE 4 ValueError,

XA BI T, *buffer_length RS B4 5 45 AN NUL i 8a i) K JEE

et# (str,bytes i bytearray) [const char *encoding, char **buffer, int f Py_ssize_t *buffer_length]
Mlest M, BTAMERDEANTHENE. MK, BEREEARNSECE 55 72,

e
b (int) [unsigned char] f—A~JE 1) Python B AEAY 1N — D TofF 5 B OB AL, fAETE—> C unsigned
char 258,

B (int) [unsigned char] §—~ Python #& B340 Bl — M B ARG A i 8T, (FfE#E—1 C unsigned
char A,

h (int) [short int] §—> Python B AL —4> C short int 437,

H (int) [unsigned short int] }—~ Python & AU%£4k ii—4> C unsigned short int TLAFSEEAL, HA
A ) A

i (int) [int] $f—> Python FERIFLAL A —~ C int FEHL,
I (int) [unsigned int] *{f—~ Python ¥ AI%£4k ifi— > C unsigned int FEAFSHEA ) HONKAES H )i,
1 (int) [long int] }§—> Python & #U# 4k jfi— 4 C long int KEEHI,

k (int) [unsigned long] f—> Python AL i{—> C unsigned long int JEfFSRKEEM, FFAkE
it AR

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

K (int) [unsigned long long] ¥—> Python #&%#£4k ili—4~> Cunsigned long long LS KIEEAL,
KA Y ) I

n (int) [Py_ssize_t] —> Python 3&FI%E4k il —/~ C Py_ssize_t Python JGRK/NJEHL,

c (bytes s i bytearray KJ¥h 1) [char] X — > Python F{7 KM, f— K EH 1 1) bytes B #H
bytearray X%, FH—" Cchar FRFEAL.

1E 3.3 M i bytearray REIXTS .

C(str KIEA D) [int] £F—4> Python F4F, W—"PKEN LAY str FRFHXTR, A4 C int FAK
A,

£ (float) [float] $F—> Python 7 S BHE L —4~ C £loat F A 5.
d (float) [double] ¥/~ Python 7% S 86640 i—4 C double AU TR SEL.
D (complex) [Py_complex] — Python iZ 2B Il,— 1 C Py_complex Python &g 425,
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HipxtR

O (object) [PyObject *] f Python Xf 5 (RNIEATAEMIHER) Frfifife C XIgasst . Mk, CRFRICiZiE
MSEBRXT g RTINS 8. fA# 5 A& NULL,

0! (object) [typeobject, PyObject *] Kf—~> Python Xf 47 A—4~ C W5 45%r. XRMT o, HEEZM C
SR B2 Python BB RV hl, 85 AR AP R I5EM C A8 R GRAUNPyObject *) L
hk. WA Python X4 A H A r 2K M2 AL, W&5]% TypeError.

O& (object) [converter, anything] #it—> converter FREUEE—> Python % 4564k — 4 C A5 &, IR EEZ
WS B, R CANE GRABUER) Hbhl, #53h void * KA. converter PR%
PRI T ek -

status = converter (object, address);

Herr object 2111 Python X} 42 address G 45 PyArg _Parse* () MEHY void* S5k, & [H1Y
status 2404 1 ARFEE I PA 0 AFEI RN . SRR, converter WA 245 Kk 7# I Hes
ik address 1) N ZARFFARAE UCIRES

4 converter 1 [F] Py_CLEANUP_SUPPORTED, WIANSRSHENT LR, BT RES R HIZ R %L,
M 5 e 2 A5 HL SRR E A BE AT I AE . FESE AR, object ZH0CR 0 NULL; R, %S5
b NULL; L, S50 NULL, G, S5 NULL S (@ R1{E) & O NULL address [{H5
JELAIE Y HR AR ]

1E 3.1 B #i: Py_CLEANUP_SUPPORTED #UR o

p (bool) [int] & APMERTE NE (— DR /REIN I HAFGE R AT R C true/false #EAU(E ., 4R
FKikANEE 1, BE 0. BEZTMETEN Python {. 2 truth ZREH £ 5&F Python 40{a] il i {E
HERIEE

3.3 B fE.

(items) (tuple) [matching-items] 15502 Python [75], BRI E R items PR ICHBE. C 24
DAART N items HAE— NS RS BTT. P8 P Ag R OT T B R E

&1 long” A CREBUR (BB 15 Y TONG_MAX PR @I REAY, SR AT HEATIE 24 A FE AR ——2Y %
W7 BOR/IN I BSOS, R B2 A BT (6B b, C Il SAETE AR I BR Al _E 3 ) K 2 4%
Ho— WM ATRE S KAL) -

A AT R b A — LA ) AT B RFIR IR L . XN B AR EAERE 5. BT

| SRHITE Python S84 K bR N i S HHR 2 ATk . C 28 50 I 1 W] 1 SRR S I A A BAA 24—
MAESHOATIRERS, PyArg ParseTuple () AREVFRIFIRI C A E (L EAE) HINZ .

$ PyArg ParseTupleAndKeywords () only: FEBAYE Python Z:404 3% th | R S BN m  C EF S50
T, ARG TSR E RS, ST AR | U —EAE S B .

3.3 B .
o AR BICHIPIRE ARG B R TR T R A N R R P I BB (PyArg_ParseTuple () B
BEIRR) CREE” 5.
i AEERICHSIREAT AR 705 J5 I P AR BT N AR R I R BURERA R A R-IE . = A MIEHE .
TERALAT ] 2 B2 3t Python XRG4 ka9 5115 AZLEBENHI5 HTHE

2 K L8 pR B RIS b AU A AL A H il ) A R R bk s X e R A il A G, A
—LlEiL, BRSO T TR, XS AE ] AR, BTN ARIERE
IO iAo

N TN, arg MG VRS 2O HAS AR . Wi, PyArg parse* () s¥LRIA true, X
ZENTRN false F HE| K— A E@i) R . YPyArg_Parse* () BB AR X BTCHE (L 2R M 25 K
I, RS R A DA K 5 S A% s B el A ) AE SRR A g B
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API E#

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
AT — DR B S8, RRP SRR S B E NP R TS S b . iR [A] true; R (4] false
I HLBI A W 8

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
MpyArg ParseTuple () ], SR EHEZ > va_list BRI SELMA 2 AT B H R SHUE

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words[], ...)
I3 BRSO 5 B 7 S AR I e 4ok R e B R S 8. keywords 402 REF SHA R
NULL & F8EH . S8 FRFenpositional-only parameters, JIIR ] true; %A TR, B4k [0 false F
SR S

TE 3.6 IREEW: ¥ T positional-only parameters Y 3 £5.

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words( ], va_list vargs)
MpyArg ParseTupleAndKeywords () M), SR EHZ—4> va_list JEUHSHLM A J& Al AL KR Y
SRk

int PyArg_ValidateKeywordArguments (PyObject *)
BT S BT SRR SRR . AR T Pyarg ParseTupleandkeywords () R
PAEHREOLT, JEE SN FHEOXHE R .

3.2 B .

int PyArg_Parse (PyObject *args, const char *format, ...)
BT RATHY “IHZEAY B S R X LR Y METH_OLDARGS ZHUBHT I AT M
Python 3 "RES IR . XA HI TR AUE RIS B, T BAErs RS P R 2B E iz, B2
ANEHATZEW . BRI T, SRR REE XA~ H g4k s i A

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)
— R SEARBOr X, AR R E SRR X R RIS H U R AL
I AR R VAR R ME TH_VARARGS . A5 SEBR SR TN U1 E N args 5 B AL
S —AIet . JTTHR K ER 2 /DR min F AN max; min Fl max W] REAISE . BAMNASEOL B
BN, THSEIE—A T8I0 Pyobject * A RIFEE BATRFLOR A args IR BAGR
TEEGIH . XN TSRS B AN args 4 HRPEIE TS BRI A RWIR. BheR%k
PAT IR P EUE, A02R args A2 oo HBH A0 S A IR B R e 3 AR MMIRAEL s T 2R P0A T 2 O 15

B

KRR B R B, BUA _weakref i BIBRHUTI R 5565 | A I CHS

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

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

}

return result;

}

EM TP PyArg UnpackTuple () e T PyArg ParseTuple():
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’PyArg_ParseTuple(args, "O[O:ref", &object, &callback)

6.6.2 BIETE

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

Return value: New reference. 3T AT PyArg Parse* () BREERIFI—RIMERIAE . F 45500 25 {E
TE PR DR AR A B NULL; QiR 0] NULL, $55] & 746 .

Py_BuildValue () #A—HAE I, HALERKAMMTRSHAEHAEBEZ RIS
Sl TeH . R TR RS, TR None; MR BAG M HIT, BikIA fgA R
TCR R AE—XE 5. I BHES t BE s A P4 A T DAS ) 3R o] —A~ K NR 0 2 1 el

214 AT G AT DX B DA S 808 A% 356 DR A @ X 2 ik, 0 s Al s# kS BAIT, &8 I FHFEA KL
W, EAHEZRMAENEH XM EEARA S HPy _Buildvalue () BIEX SRS H., A, W
RARMATE I malloc () 3 BB NAE S RGPy _Buildvalue (), {RAARSEEA TL4F
JEPy _BuildvValue () IREIEEM free () .

TE R, 05 5 i RIEAMEAER I, B35S O WA RA% U ICRF 25K [ Python X 467 ;
TS [ N RAL B C AL R (R BYAL,

TAEBIANZAS, HIRAF, BSHE SRR T S22 m (B2 A NHo, W sh). &Xn]
PABEAR A (A% A A A LA S Py AT

s (str B None) [const char *] {§iff] 'utf-8"' i & LR C FAF RN Python str X4, 1N
R CFAFHRIEE N NULL, W] None.

s# (str B None) [const char *, int B Py_ssize_t] ffiff] 'utf-8" gl C 47 R H K g N
Python str %[5, WA C FEAFER484N NULL, WK EERF9E 20, IR\ None,

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

y# (bytes) [const char *, int B Py_ssize_t] X4 C & M H K E4Jy— Python X4, Nl
RiZ C 459 45% A NULL, W& None,

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

u (str) [const wehar_t *] ¥ 252 [F 1) wchar_t [/ Unicode (UTF-16 8% UCS-4) #iE5vh X &k
Python Unicode %% . #15f Unicode ZZnf X $54F 4 NULL, W3R || None.,

u# (str) [const wehar_t *, int 3} Py_ssize_t] ¥ Unicode (UTF-16 5 UCS-4) ##e2E X % H K fF
%394 Python Unicode X§4¢, I Unicode L2 X484 A NULL, WK XSG 20, IR [0] None,

U (str 3§ None) [const char *] I s —F£,

U# (str 5 None) [const char *, int 8} Py_ssize_t] il s# —#f.

i (int) [int] Ff—4> C int BEAELAY F{ Python BRI 5L,

b (int) [char] §—4> C char FAFAREL{L AL Python FEAIXF R

h (int) [short int] ¥ —4> C short int 4FEFIEEAk A Python BAINT4 .

1 (int) [long int] Kf—4> C long int KEEARUELIL)Y Python FEAIXIA .

B (int) [unsigned char] ¥ —/> C unsigned char TS F4 M4k i Python B AN 4

H (int) [unsigned short int] ¥—{> C unsigned long JLAFS 4R AL A Python #E N 4 ,
I (int) [unsigned int] J§— C unsigned long JCfF5 3 A4L4k i, Python B A% 42
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k (int) [unsigned long] ¥ —/> C unsigned long JLfF5 KB RIFE (Y R Python AN 42
L (int) [long long] f—4~ C long long KKHEEHALNK Python FETEXT 4

K (int) [unsigned long long] ¥ —> C unsigned long long FLAF5 K KR EEAY Y Python & 7 5}
%

n (int) [Py_ssize_t] ¥—4> C Py_ssize_t JEHIHEAL ) Python B& 5,

c (bytes KJEh 1) [char] $f—4> C int BEAUCRIFAFHE1L A Python bytes KR 1 IFATX 4
C(str KR 1) [int] HF—4 C int BRRIFAHEI N Python str KB 1 IFAFHRXTE

d (float) [double] #—/~ C double MUK s 4k Ky Python 7 s B UK

£ (£loat) [float] Kf—1> C float HUEEEE MU 1L Python i SECERIEFE

D (complex) [Py_complex *] Kf—~ C py_complex RBPEHHFAL ) Python ZERAL,

O (object) [PyObject *] ff Python Xf (& i AAF (H 5[ HTHEER AN, %t 1 33) o RE A
BXF 402 NULL #5848, WMRGEX & B TA RS ER T & A R E S me . Hit,
Py_BuildValue () ¥R NULL, (HASSK5HE . WRM KRG K72, WiE SystemError,

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

N (object) [PyObject *] A1 0 #H[F], SR EH ARG HITEL. 27/ SR PRI G
T AR GRS

0& (object) [converter, anything] iF 1t converter PRECE anything #4545 Python %142 . %R EE I 2 1%
A anything (/5 void* FZ5) VENSEOF H W 2R [m]—A~ )" Python Xf4, i 24 KA HiR
B[] NULL,

(items) (tuple) [matching-items] Ff—A~ C AL 5 5755540l Python JoAL I PRF5AH Rl T R B

[items] (1ist) [HRMICE] KF—A> C A H)TH 545 Python 513 CREFFA R 1) 70 KR

{items} (dict) [HIRMICHE] KA CAER)THHEA L Python T8, RF—XTIELEN) C 4B EXVEN—
ANTCEBATIA, S BIER KT RIE.

WA A AR T A 52, WIKE SystemError iR NULL,

PyObject* Py_VaBuildValue (const char *format, va_list vargs)
Return value: New reference. flPy _Buildvalue () Fi[a], SR EREZ—A va_list BRI SEOM A Z 0]
R SEE.

6.7 FHBREMSENt

TR AR A 74 5 i 4 1 o

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
TR FLF R formar FIINSEL, b A size FZA7%8] str o 152 0L Unix T snprintf(2) .

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
RS AT formar ML B SHIN R va , KEEH I size FATH] sor o 72 L Unix -} 5T
vsnprintf (2) .
PyOS_snprintf () MIPyOs_vsnprintf () 133 C}pEFEREL snprintf () fl vsnprintf () . B
H 12 RIEEAR S oL N 0 —B 728, TARE C R EIAR S .
(L BLFILR st *size-1] TEIR P HHIRZSZE ' \O" o BEFIMARE A size F5 (GUFHL5RA ' \0" ) BIFHFR.
PR B ER S 2 str !'= NULL,size > 0 #ll format != NULL.,
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WK GIAH vsnprint £ () M0 H 2 v X R /N T 2830k 0 4 87 4 S size 512 F45 PA |, Python £ PA—
/]\nyFatalError() 5{%'1:‘_[]:0

XECRBIRIEME (rv ) 4 B DA R0 AR
* M0 <= rv < size, HiHHEARMINNE rv NFREEA str (NLEARRE st rv] 1] ' \0 " FY)

* Y rv >= size , FHERPENIT HAIRE—DWH v + L FIREM XK. EXMELT,
str¥[*size-1] B "\0' .
s Brv < 0, DRA—SERIFRISN . AOXFEILT, str¥/*size-1] BFIfEHZ "\O ", {HJE str Y HAT
IIARBOE Lo SRR YR BT IRZE & .
PATR BRI B 5 1 5 P T R Y A R B R e
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
FEFAFE s Feily double 2RA, RIGING| % Python 5. Hs2 77 H3 B4R A% B T4 Python 1
float () MIEREIEZHFARBRNES, BT s DAA A FEER M. S AU T 24 Fifr X
s
WK endptr 2 NULL , FBEA 5456, 5% valueError JFHIR[M -1.0 WRFAFER AR IT REL
AR RIE T3

W endptr g NULL , RAREZL B F AT R IR *endptr BB MR 25— R F47 .
WER AT R R 46 BOAS 2 S B A S k5 5, $F *endptr WE AR I FAFRII L, 51K
ValueError %%, FHikFH -1.0 .

MR s FIR— DN KK AFEAFEAE — NP S0P (B, "le500" L4 LR —1F8/F
H) SRIGUIIR overflow_exception 42 NULL iR [H] Py HUGE_VAL (@ M4MMS) I HAREAT
IS5 . EHAM T, overflow_exception MK —> Python B# X4 ; 5l & FHIFiRME -1.0
o TEXWAMEDL R, & *endptr 8 HFER(EZ JFHIE T4

WERAERE 0 1) e AR T A A R (HCA— DN RO R R, BB I 24 1) Python S HR [l
-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 —AMf [T format_code, precision Fil flags () F4FER

W XA EN R EpZ—, e, "B, "R, g, "G B Tt X et R A AR
0, 'r' ¥ALHEE THRMEREL repr () #%2K.

flags T DA BB HoAth{E Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 B Py_DTSF_ALT B{H &
* Py_DTSF_SIGN FKINE@TEIR [ AR RIII—MF 5545, BIEE val REREL
* Py_DTSF_ADD_DOT_0 FIRMifRR I FAF R AR AG 2 — AL

e Py DTSF_ALT Fon MW ™ B # AL . A 0TS M PyoS_snprintf () "#' E XX
4.

MR ptype K NULL, W& 38 1 09 {8 5 #% % & Py_DIST_FINITE, Py _DTST_INFINITE B}
Py_DTST_NAN W J—A>, 5IFR val 2 —NERRET . TTRREF SRR .

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

3.1 FTR I RE.

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

FAHERARD KNG . SR BILT-5 stremp O WA MR, AR EZR T RN,

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

TREAR D KNG . ZERBILFS strnemp O BT/ ME, R ERM T RN,
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6.8 5

PyObject* PyEval_GetBuiltins ()
Return value: Borrowed reference. 35| 4 i tAATMTH P B R B0 7L, QSR U BT CA WUEAE AT, R [A]
LIRS ERERS -

PyObject* PyEval_GetLocals ()
Return value: Borrowed reference. & 0] 24 Hi $0 A7 i A 51350748 & A0 72 i, Q01 SR V& 24w BAUA T A0 o D) %
NULL,

PyObject* PyEval_GetGlobals ()
Return value: Borrowed reference. & [0 24 5 P47 i 4 /728 S 00 7 8L 40 SR8 24 B AT 79 o D0 2
NULL,

PyFrameObject* PyEval_GetFrame ()
Return value: Borrowed reference. 12 ] 4 HiZFRIRAS ML,  ANSRBEA 24 AT H MU (4] NULL,

int PyFrame_GetLineNumber (PyFrameObject *frame)
MR [E] frame 4B IEAEFATHIATS
const char* PyEval_GetFuncName (PyObject *func)

U2 fune 2%, REIEBIR G, WEIREIEMAFR, BWER 0] func B2 25K .

const char* PyEval_GetFuncDesc (PyObject *func)
HRAE func (FZEBLR [IH IR . 3R B LTS SR EOR Ty ¥: 1 ”()” ” constructor”, ” instance” FI” object”,
lﬁPyEvaliGez‘:Fz,chame () E’J R ’H%, ZhE L func EI"JEF““

6.9 ‘miFtD2R M S3ZHFThEE

int PyCodec_Register (PyObject *search_function)

TSR AR A4 2R R K
fERRIE, Hezilik encodings 1, WRMARSEM, WHHREIRA LT RR KBS RNEE 1L

int PyCodec_KnownEncoding (const char *encoding)

RIS L 5E encoding (A4 RIS AR 215 CAFTENTR ] 1 2 0, BURR B BERLI -

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

Return value: New reference. 17 B nfiii &5 B A gmfith APIL,

object ffi[I i errors AT & X EEARAC IR VAL B 45 E encoding YRS BR %L . errors W] PAA NULL FErn{fi
Rt 2 SR BRI IR B gt 28 ] 25| & LookupError,

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

Return value: New reference. 17 B nfii it #5 B AN f#AY APIL,

object [ [l 1 errors FIT & SUHIAE RALHE T EAL B 25 7€ encoding VRIS R BREL. errors T PACH NULL R7R il
F RS as i E L ERIA T ¥ . QAR ERA B i RS #4825 | & LookupError,
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6.9.1 Codec &1k API

TE ROV, encoding 5 53 XA AR HEAI N /NG PRI, 33X SR 1 EATL ) 25 He A b A 55 sk
RANGAEUR. WERARENET gD S, WKFE KeyError Hi& [0 NULL,

PyObject* PyCodec_Encoder (const char *encoding)
Return value: New reference. " 45 € ) encoding FREL—~ 4wt e %K .

PyObject* PyCodec_Decoder (const char *encoding)

Return value: New reference. "% € 1) encoding $REL— > fRAL 28 BREL .

PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. "}y %5 €] encoding 3El—14~ IncrementalEncoder X4 .

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

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

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

6.9.2 HF Unicode 4wt IBIEFRYEME API

int PyCodec_RegisterError (const char *name, PyObject *error)
TEZ5 E W) name 2 YEMHEE iR AL PR 0] pR £ error. 2 9] U8 bR BCRFAE — A J fR 05 #4518 2] JCYE S 15 1)
FETCIE S 71 85 I H. name 14 7 A encode/decode b H I i) error fE2 I H 2% g i it s > ]
e

Z | O KR K & ¥ % — 4 UnicodeEncodeError, UnicodeDecodeError &}
UnicodeTranslateError I SEBfE RN BS540, H b & X T A M8 F A5 80F 75 KL H
T JFIR P A mEE A5 S (3§25 Unicode Exception Objects | fifFEBUNAE B RBGEN ) « 1% Elﬂ@ﬁ
DS KGR W S, B AR Bl — AN ) 87 8 S B R i A i e, AR RR Im S
EI’J%‘%I B EU?E”‘LE%Z&EJ:‘VR’E%@/%@?%VFe
B AR[E] <O, eI )z ] “-1<
PyObject* PyCodec_LookupError (const char *name)

Return value: New reference. T 48AF name 2 N M AE IRAC PR VH R . VE 45138 7] DA A NULL, FE
PR LT 38 [l X strict”™ B8 A 2 ] ] R £

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

PyObject* PyCodec_IgnoreErrors (PyOb/'ect *exc)
Return value: New reference. 21 unicode £51%, BkidsE 1= A

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

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

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

PyObject* PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. ffiff] \N{ . ..} & X £7## unicode Zifidskiz .

3.5 Brhie
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MERE

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

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

7.1 HRMY

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3.3 B fE.

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

3.3 B fE.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

XEEMT Python ik callable (*args) .

Note that if you only pass PyObject *args, PyObject_CallFunctionObjArgs () isafaster alternative.
TE 3.4 JRFE R The type of format was changed from char *.

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

The format can be NULL, indicating that no arguments are provided.

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

This is the equivalent of the Python expression: obj.name (argl, arg2, ...).

Note that if you only pass PyObject *args, PyObject_CallMethodObjArgs () is a faster alternative.
TE 3.4 WUE P The types of name and format were changed from char *.

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

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

XAl Python Z5iAR; “callable(argl, arg2, ...)“;&—HEAT.
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PyObject* PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. Calls a method of the Python object obj, where the name of the method is given as a
Python string object in name. It is called with a variable number of PyObject * arguments. The arguments are
provided as a variable number of parameters followed by NULL.

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

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

names)
Call a callable Python object callable, using vectorcall if possible.

args is a C array with the positional arguments.

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

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

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

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

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

3.8 BRI HE.

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

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

3.8 B

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

3.8 B fE.

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

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

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

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

TE 3.2 {8 The return type is now Py_hash_t. This is a signed integer the same size as Py_ssize_t.

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

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

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

PyObject* PyObject_Type (PyObject *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 expression t ype (o).
This function increments the reference count of the return value. There’s really no reason to use this function instead
of the common expression o—>ob_type, which returns a pointer of type Py TypeOb ject *, except when the
incremented reference count is needed.

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

Py_ssize_t PyObject_Size (PyObject *o)

Py_ssize_t PyObject_Length (PyObject *o)
Return the length of object 0. 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 B Tge.

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

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

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

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

7.2 il

int PyNumber_Check (PyObject *0)
WERXF R o FEAECFRIPIL, JRIFTE 1, BNREMER. XN 28 1 R

T 3.8 JOHEE: AR 0 B — ARG HAR ] 1.

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. 12[7] ol . 02 FNIGZER, M, &M NULL . 54T Python 3k
ol + 02,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. 12[8] ol Jii7= 02 W45, WNR LM, 1&[F] NULL . 28T Python H{FEih=

ol - 02,

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. I210] ol . 02 FAFEMILER, TR LM, R[] NULL., 24T Python HH A3k
ol * 02,

PyObject* PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . o2 FEMERERIZER, R LM, &M NULL, 54T Python H1
MFEIENL ol @ o2,

3.5 FrihfE.

PyObject* PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 3210] ol [§PA 02 0] FBUELIGRESE R, TR LM, &M NULL, EiMT “%
gt HREERA .

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12 [0 ol VA 02 I—AEFRITRME, WRKM, 1&[H NULL, EAMEEIT
(N, PR DR o — NI ME, AN TTRER AN L DA 2 S S0 BT S8, XA R ESGR Il 4
IR R

PyObject* PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. 3R] ol [§:PA 02 5E|HIAE, WM, R NULL, 24T Python HHAy3
Aol % o2,

PyObject* PyNumber_Divmod (PyObject *ol, PyObject *02)
Return value: New reference. 7% N'E AL divmod () o TIH M, %[\ NULL, 84T Python Fikz

divmod(ol, 02).

PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 152 [ N B B EL pow () o WIRKN, &[A] NULL. 41T Python H1i)3ik
X pow(ol, 02, 03), H o3 ZAEEM. WIREZNE o3, MFEAry None fERRE (WRMEA
NULL & FBEARENAFIH) -

PyObject* PyNumber_Negative (PyObject *0)
Return value: New reference. 12[A] o fT(E, W, 1R[A] NULL . 4T Python Eik= —-o.

PyObject* PyNumber_Positive (PyObject *o)
Return value: New reference. 1&18] o, HIRFIE, R[] NULL . 2/t T Python k= +o.
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PyObject* PyNumber_Absolute (PyObject *0)
Return value: New reference. 12[0] o BY4EXHE, MR, &M NULL. 54T Python k= abs (o) .

PyObject* PyNumber_Invert (PyObject *0)
Return value: New reference. 1R[] o BIFEPIEUS )G RIZESR , W, 1&[A] NULL. 84T Python F&ikz

~Oo,

PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. 1R[] ol /2% 02 A HeARIGIIEE R, R, 1R\ NULL. 24T Python 3
# ol << 02,

PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. 1210] ol 5% 02 M HUAFGRIZER, WIRRM, 128 NULL . Z4/rF Python %
B3 ol >> 02,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol Fll 02 “¥{i5” BGERE, WL, &\ NULL . 4T Python 3
#H ol & 02,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. 1&0] ol Fll 02 “¥ALFE” WIZER, TR, &M NULL . Z8{+T Python
HRIAR o1 ~o2,

PyObject* PyNumber_Or (PyObject *ol, PyObject *02)
Return value: New reference. 3R] ol Fll 02 “¥AE” HIZER, WK, 1RM] NULL . Z4T Python 3
*“H ol | o2,

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. 12[8] ol . o2 FAIIAILER:, WK, 1&[H NULL . 4 ol 330, XA4E
HERHERS ol . 554 T Python 1547 o1 + 02,

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . 02 FHIRIELER, WKW, IRE] NULL . Y4 ol R, XMEE
SEGRHEIRZ of o T Python i541] o1 —= o2,

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. iR18] ol . o2* fafeay4E R, 4R %0, A ‘NULLC, % *ol iHH, X4~
B E MG RHERSS ol . S84 T Python 1541] o1 += o2,

PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol . 02 FEMEIIEIGINEER, WREM, &M NULL . 24 ol IR},
B H TG RHERRS ol . 8T Python iE4] ol @= o2,

3.5 BRI HE.

PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. &[5 ol [i5:DA 02 J5 1A FHCEZE R, M, R[E] NULL. 24 ol 5},
XA B GEBGRHERS o . %41 T Python iE4] o1 //= o2,

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 1R8] ol [§DA 02 0— G BEITOME, AR LN, & NULL, XAMEEIT
U, PR —BE P SO — N, AR TTREDA 2 S BBk 0 BT A S8 1A rR AR (8] A4
B RS 2N 007 Bk 24 of SCReRT, XMB RS RHEIRS of .

PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. iR |7] ol 5D 02 B8 4x%k, WIRLN, R NULL, 24 of i, X4z
FHBEMNEMFEIR. S0 T Python ifif] o1 %= o2,

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)

Return value: New reference. 152 [ N B EHRE pow () o WIRAEIM, 1R[] NULL. 24 ol i, XMzH
HIEMHEMALR. 2 o3 &Py _None i), GMT Python i54] ol **= o2; FHIMENTAEF RN E
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fEAFLE R pow (01, 02, 03) o WIRZEZM o3, MFfLAry _None (f&A NULL & SE LN
Vi)«

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. 3&[0] ol 2% 02 AN AR GISE R, AN RN, 1R\ NULL, 24 ol 30}, X
MNMEFHBEMHEWAESR . S0 T Python i) o1 <<= o2,

PyObject* PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 [8] ol F5#% 02 AN HAFIGIIEE R, W0, 1R\ NULL. 24 ol X}, X
MEEEHBEEHEHEALER . ST Python i54] ol >>= o2,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. F{I)IW R R ol Fl 02 ” ¥ 57 BILER, JeQHTiR M) NULL., TF ol ZFFAYHI
PR IZAERAERE BT, F S Python 4] o1 &= o2.

PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. I[N IR [H] ol F1 02 7 #{i e ul 255, Je IR Bl NULL. FE ol X150 H]
PETIZBAERE Bk AT. 845 Python iH] ol ~= o2,

PyObject* PyNumber__InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. IR [A] ol Fil 02 7 #A B ML, RGN IR Bl NULL. 1E ol A0 HET
PN R AT. ST Python 5] o1 |= o2,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. INEIHR ] o W BEE R B IZ5 R, LIAHR Al NULL. )+ Python 3
A3 int (o) .

PyObject* PyNumber_Float (PyObject *o)
Return value: New reference. IR 8] o FEA M7 T RIS AR, RIME R ] NULL, S84y T Python
A float (o) .

PyObject* PyNumber__Index (PyObject *0)
Return value: New reference. I} 1% [\ o ¥4k Python int Z5F J5 458, Je Rt IR 9] NULL 3£5] &

TypeError j':ﬁ‘—'ﬁ!?o

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. R [B|%8 %5 n 553 i A base K EEHIFA RGNS R . XA base ZH /0 72
2, 8, 1083 16 . XFTE%2, 8, B 16, REIFFFHRE BN EEEHRE 0o, '00", 0or "0x".
WR n A2 Python {884 int KA, hScifiid pyNumber Tndex () 5B SRR,

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
W 0 2 — MR MRERL, R[] o Fedfe ii—A> Py_ssize_t (HXUFRISE R WUERP I RN, & [H]
-1 G KR
R o W] PARE #4454k Python int 287U (H 2254 k) Py_ssize_t (N & 5| % OverflowError, XM} exc

ZHCNERE | K RE R B2 IndexError B OverflowError), {15 exc 2 NULL, N RS
BB R B9 e )8 88 PY_SSIZE_T_MIN sk IF¥#{ PY_SSIZE_T_ MAX,

int PyIndex_Check (PyObject *0)

W o B— ARG E (74 nb_index (v B IfAA tp_as_number A H A1) MERE 1, FHWERE 0 o X
ASBRBOAN 28 FH 220
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7.3 FR5IiY

int PySequence_Check (PyObject *0)
WX SARBEF L, pREGRIE 1, FWERE 0. FHHEERNEA __getitem () Jy¥EfH Python
FKaR 1, BRAFENTR dict B2, PRUNTE— g OL T JoiRsi e B B SCRi 8. IR B2 2l
A7,

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
JEIFR 51 v *o* BIRF G, SRR 0] -1, 4124 Python [ “len(0)“Fik k.

PyObject* PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. JWIHHRE] ol A 02 (P, RIEHHE [ NULL, iXZ4T Python FiAx ol

+ 02,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. iR 0| JF 4%l 5%: o BB5E count IRILER:, JIEHTR A NULL, XZ:4)F Python
ik o * count.

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. IR [A] ol 1 02 BHFRE, KIEHHR Al NULL. 7E of SZHFRI L N EVER
BHSEN . XEMT Python ik o1 += o2,

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)

Return value: New reference. Return the result of repeating sequence object 12 [0] FE3 X152 0 & count IR Y45
B, RIGENRE] NULL, 7E o SCRFIE DL N iZ#ES Rk, XM T Python ik o *= count.

PyObject* PySequence_GetItem (PyObject *o, Py_ssize_t i)
Return value: New reference. 1R[] o F5E i 5025, RMETIRMA NULL, XZEMTF Python Fik o[i],

PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Return value: New reference. IRk 0| JE X145 o 1) il 2| i2 Y, SR 9] NULL. X254+ T Python 3
*HHo[il:127,

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
FEXTE v RS 0 W5 i 50K . RIMIT 51 & R E R -1 BEIEHRR 0. X424 T Python if54]
oli) = v. MEREL F& X v 5.

R v o NULL, JUERREME, HREEE s, NS M PySequence Delltem (),

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

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
FEFHIRGE v IREL T 9IRS o M i B 2 Y) o 3XAH24 T Python iFA) o [11:12] = v,

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_ti2)
MR P A5 0 BIM il B i2 BP0 R o MU IR [A] -1, 3XAH24T Python i/ del o[il:i2].
Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)

R [H] value £ o IR EL, BIREI#1E o [key] == value WBERIECE. RIMATRE -1, XAHYH
F Python F£iA3L 0. count (value).

int PySequence_Contains (PyObject *o, PyObject *value)
W& o RS value. QIR o MIYHRE—INEET value, WHRM] 1, FHIM[E 00 HAFHS, R[] -1, XA
4 F Python FiA3 value in o.

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
BRG] %, H o[1] == value. AW, &[] -1. #1247F Python ffJ “o.index(value)“ ik,
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PyObject* PySequence_List (PyObject *0)
Return value: New reference. 12 [1|—/NZFXTG, HPNAE 5P s ] £ XIS o MR, RIGHFR ] NULL,
R Al F) R ARUE R — A FRT S . X ST Python k30 1ist (o)

PyObject* PySequence_Tuple (PyObject *o)
Return value: New reference. J& [l —ATodif 4, HNASFHEA AR o MilA, KIMHHR[E NULL.,
AR o SyTedl, WRRFIR E—ASE G, FEHARE 00 R 6 2 i WA 3 — A oo XM T
Python FA % tuple (0) »

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Y3 585 0] 20X 5 o VM HAth PySequence_Fast* pREUZE ] BN 4
R, AR RA R T AN S EAN S, W51k TypeError H-4F m AERIHESCA . RIGHT R [H]

NULL,

PySequence_Fast* HMEZ T AX M H, SR N EMN2KRE o & —PyTupledbject
wpPyListobject HEIEVIM o BT B
YE} CPython FSEERAHTY, W o C&R—NFHNESNFR, EREEEERI .

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
1E o PySequence_Fast () &[] H o A~j NULL W& 0L TR [F] o B . o] PLE S FE o 1
HPySequence _Size () FFFEK/N, {HiEPySequence Fast_GET _SIZE () HETN, FHEW
PMBGE o F) Rt .

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference. 1F o fiPySequence_Fast () 1R\l H o A NULL, FH id 7RGV
WIS TR E] o 195 i 5 IT K

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

T YRR, WRS R PR )N, H5F 43 B v] BE 2> H007 L items 2. PR, AHE 790 TG A s ek iy B Se
i LR 2 A8 T

PyObject* PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value: New reference. iR [B] o W) 5 i /> J0 & s 78 2 W B 28 1] NULL. It B =
tPysequence _GetItem() P, HASK T o FLPySequence_Check () 21 NEH, A
2N S TR

7.4 BREHR Y

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

int PyMapping_Check (PyObject *o)
USRI SR BEWR I P B S R WA ] 1, R R [E] 0. 3SR ER NEA __getitem () J7ik
) Python &[] 1, PR AE— B 0L T JoiAi € B I SRR BER A . B pR BRI 2 AT
Py_ssize_t PyMapping_Size (PyObject *0)
Py_ssize_t PyMapping_Length (PyObject *0)
IR ISR o I RCR, RIINFR ] -1, XA 24T Python #3A3 len (o) .
PyObject* PyMapping_GetItemString (PyObject *o, const char *key)

Return value: New reference. 3R 1] o FIXF R T FAFE key (03, B0E RIGEF IR 8] NULL, iX4H24F Python
FHER olkey]l. WS MW also Pyobject_GetItem().,

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
TEXTR o WK FAFER key BT EIME vo RIGIHRE] -1, XM T Python ififi) o [key] = v, 7iE%
W Pyobject_SetItem (). WWEREL RE&IEMXT v 5 H .
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int PyMapping_DelItem (PyObject *o, PyObject *key)
MXTZ o TR XSG key I WEGT. JCET IR [B] —1. JXAH 24T Python 15 4] del olkey]. iX

BPyobject_DelItem() H—" 514,

int PyMapping_DelItemString (PyObject *o, const char *key)

MIFGE o B TFATH key IS . SRIGRR[E] -1 XA Python ifiH] del olkey].

int PyMapping_HasKey (PyObject *o, PyObject *key)
TSRS 5 B A B key MUIIR[E] 1, B R[E] 00 JXAH4 T Python FikX key in o. HEKELE RS
kXY

WHEBEWA _getitem__ () &M E K EMN S H R/ 200500 2208 BUAT 32455 &
HPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
TRWLS G BAT B key IR ] 1, A3 UR[E] 0. 3XAH 24T Python %Kik key in oo BUERELE RS
kT

WHEBEWA _getitem__ () &M H K £S5 2005l 2208 BURT 32 45 35 &
HPyMapping GetItemString ().

PyObject* PyMapping_Keys (PyObject *0)
Return value: New reference. B}, 1R[EIXTER o FRIEEIFFE. JMET, 1R\ NULL.

TE 3.7 O FEZ HICA A, BEeRHGR [B]— 21 e -

PyObject* PyMapping_Values (PyObject *0)
Return value: New reference. I}, IR[EIXFE o FREMIFNFE. JEE, 1R\ NULL.

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

PyObject* PyMapping_Items (PyObject *0)
Return value: New reference. [RIIN}, REIXTS o 5L HWFNR, HbgAN&HZ2 MR ESEEX YT
Ho KIH, JR[A NULL,

e 3.7 BOEE: FEZ AiiRA T, ek R o] — 2R 8ol

7.5 KRN

AP R
int PyIter_Check (PyObject *0)
R true , QARG o SCRFIEAAFILAYE .

PyObject* PyIter_ Next (PyObject *0)
Return value: New reference. IR AL o () F—AME . XTZRLAE—AEAEE (XN B J# & AW . 4
REAR T, WERE NULL 3 HARE R . WERTERIR Eﬁké?%m,w [l NULL 3 HA%
R

BURERBS R E — A —MER, C RIS NAZE R

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

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

}

while ((item = PyIter_Next (iterator))) {

(QA)
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(£ 50

/* do something with item */

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

Py_DECREF (iterator);

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

}

7.6 Gl

1t Python Hf m] filf Jl — LE 305 R A B W iR S22 N AR B B 2 0P I 1) USRS RALFE N B 1) bytes Ml
bytearray WM&—284ll array.array XARMY M. 5 =J7 Al GBS T HFIARY H A 2 L ENTH
CRRAL, G T G BB 4%

BRI A B — R F CAYIE S, (BEATRA th T BERR A A Gt X SRR S AL . e L
DT, A B AT MG DX o RIS

Python PAZZ i #33 YIEAE C JZ 4 EFR X RER DI AE . B PANJ I

o FEAETEE RO, BRI —A ‘G KDY, AT AT ERIRZESENIXER. %
1 38 AME EAE Buffer Object Structures —5 713

o TEIHSRE M, AJURN AR T PSRRI S s R = A i ha 5 (Blan—AIrikmig2) .«
i

—BEfET A B bytes Fl bytearray 2xPAH A1 FE AT AR EZE M IX .t g2 F HAl
W B0 axray . array BATHOTC R T DUESF 1.

P X I TH S 1 — MO TR SO I write () 5 ARAAT T DA H R — R 9 40 T A 6 42 T DA
AN SR write () TR RAGEX TR AS R AR, HALK I L, W readinto () FESHN
HE AR Znp IZT'E A5 G T AR M b Ao i el AR 48 B S ol A e e I 0 1

T g X B L OB T, A PR ORI —A~ H R g G
o FHHIEWHISEREfPyobject_GetBuffer () R
* WpyArg ParseTuple () (MHFEINRZ—) LA v*, wr or s* 45X KA HH—4~.

ELW*‘NH%T AR B X PyBuf fer Release () o WIRILERMERM, TIHESFELS
Fpieg L, B an g I
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7.6.1 ZhXEEy

L h X ZE AL (BCH TR B HPR R “buffers” ) XofT1F ZZE B 5 — N XTZR AT 45 Python #F B AER A M. B
R A] URAES# D R L. SEREAT5H NAERIIRE T, T AR 2 MR Ao 50805 2 FF 45 Python £ 7
B WAFAPAE C PRI — Ry E E A, Wl DURTEE B BB E RGP Z wil T HAE R G Ak,
B T DA R AR 1 AL N FAAS ) S e Bt «

55 Python fERERS AT R Z EBEHREBIANN], Gop XA R Pyobject FREFTTZ M BLAY C £549. X EA]
AT PAAEES T B B RN A i . TR DN iz BRI, W DA —AN I AL RS .
AXMMBEEHFFHNROEEEIN, ES 0% 7R3 2880, ERPZHMRYER, HS
RPyObject_GetBuffer (),

Py _buffer

void *buf
T8 1) H v [X 7 BE A 1 2 S 25 A TR RO 4845 . X T DASE S5 R IS 2 W PR N A7 B v AT A 07 B
Filan, AR st rides {H]BEFS 1A IAFHRBI A 2 o
Xt Fcontiguous |, AR KU, (EF8HNAEBRITk.

void *obj
AR EEEI . ZGI A HE NS, HHPyBuffer Release () HBEMIF R E N
NULL. &FBSE AL FRIME C-APT s [nl{H .
VEN—MaRE L, ST HPyMemoryView FromBuffer () B{PyBuffer FillInfo () fi3%
I temporary ZIX |, B NULL, ilH, SR AEM I TE.

Py_ssize_t 1en
product (shape) * itemsize. X TS, X EERMNFHAKE . XFIEESHA, W
R ENE R BEESF R, WiKEREAEZKE.
24 2% op IX 2 il o O IR % 25 PR A 3 oK B BURE, A D5 [ ((char *)buf) [0] up to

((char *)buf) [len-1] B A H M. FERZEWE LT, WEW KK HPyBUF_SIMPLE
B PyBUF_WRITABLE.,

int readonly
Zh X o N R fe e . W FBL PyBUF_WRITABLE FrEdatil

Py_ssize_t itemsize

BASTERMIRN (PAFATNEAL) . 5 struct.calesize () M AE NULL format W(EAAA .

HEGIA: R AE B K B g v X G PyBUF_FORMAT FRak, format $§i% ¥4 NULL,
{Hitemsize {hHAFEIHHEMIME.

MR shape f£4E, MIAHZEN) product (shape) * itemsize == len {JRTEAE, FHE LA
fifflitemsize S EMIX.

W shape J& NULL, W5 WPyBUF SIMPLE 8§ PyBUF _WRITABLE 53K, WI{H & 554
Mgitemsize, HRIX itemsize ==

const char *format
1E struct BHFERTEE S NUL P55, fHRBRATNZ . X2 NuLL, ey B ™

1 2 e

(571 -
MW Bt PyBUF_FORMAT Fr&das il

int ndim
The number of dimensions the memory represents as an n-dimensional array. If itis O, bu £ points to a single
item representing a scalar. In this case, shape, strides and suboffsets MUST be NULL.
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The macro PyBUF_MAX_NDIM limits the maximum number of dimensions to 64. Exporters MUST respect
this limit, consumers of multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_NDIM
dimensions.

Py_ssize_t *shape
An array of Py_ssize_t of length ndim indicating the shape of the memory as an n-dimensional array.

Note that shape[0] * ... * shape[ndim-1] * itemsize MUST be equalto Ien.
Shape {E#fR ‘E¥E shape [n] >= 0. shapeln] == 0 X-{HEHEFNT . A FHcomplex

arrays RIRFFEZHFER .
shape B £H X T8 3 R it e H Y o

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

Stride A MREH P E AT DURAEA BRI X TR REAH , AP IR o IEEL, (2 WA R AL
M strides[n] <= 0 BEN. BL(EBiE S Fcomplex arrays .

strides BN R 2 R o

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) F{ii ] T X Ftdi i ik . 5 i complex arrays T AT MIX
H— M DT R
suboffsets XS Tl I R it 2 kY
void *internal
This is for use internally by the exporting object. For example, this might be re-cast as an integer by the

exporter and used to store flags about whether or not the shape, strides, and suboffsets arrays must be freed
when the buffer is released. The consumer MUST NOT alter this value.

7.6.2 Buffer request types

Buffers are usually obtained by sending a buffer request to an exporting object via PyOb ject_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.

7.6. iy 69



The Python/C API, %% 3.8.6

request-independent fields

The following fields are not influenced by flags and must always be filled in with the correct values: ob 7, 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 O,
PyBUF_WRITABLE can be used as a stand-alone flag to request a simple writable buffer.

PyBUF_FORMAT can be I'd to any of the flags except PyBUF_STMPLE. The latter already implies format B (unsigned
bytes).

AR, HiE FRBE

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

HK K | DB | FIRBE
= = UNR R A I

PyBUF_INDIRECT

=] =
PyBUF_STRIDES = = NULL

pPyBUF_ND ys 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.
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LES R | 5B | TRBE | 95
PyBUF_C_CONTIGUOUS Z |2 NULL C
PyBUF_F_CONTIGUOUS z | = NULL | F
PyBUF_ANY CONTIGUOUS & | R NULL CH(F
PyBUF_ND =} NOLL | NULL C

BE&EK
BT A AT RER I RAER i _E— P R BAR G A A e 4nE o AT BRI, b XM B IR A1 B
i

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

HK K | HiE | FiRBE 4B | HiE | format
PyBUF_FULL | WIRTFERGE | U 0 =
PyBUF_FULL_RO = | R IR FFEIWE | U 150 [ 2
PyBUF_RECORDS Z | R NULL U |0 =1
PyBUF_RECORDS_RO e | e NULL U 150 [ 2
PyBUF_STRIDED = | NULL U 0 NULL
PyBUF_STRIDED_RO - NULL U 15{ 0 [ NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C 150 | NULL

7.6.3 EFHH
NumPy-Ji%: FzRF0E108

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 t emsize. In that case, both
shape and strides are NULL.

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

7.6. ZEHihiY 71



The Python/C API, %% 3.8.6

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

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

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

if ndim <= 0:

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

return True

imin = sum(strides[j]* (shape[j]-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+imaxt+itemsize <= memlen

PIL-RU#&: #K, SIENFRBE

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]. Insuboffsets representation, those two
pointers can be embedded at the start of bu £, pointing to two char x[2] [3] arrays that can be located anywhere in
memory.

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

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

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

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

}

return (void*)pointer;

72 Chapter 7. #HIRWRE




The Python/C API, %k 7%; 3.8.6

7.6.4 ZAHXHEXRL

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—>0bj to NULL and return —1.

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

Successful calls to PyObject_GetBuffer () must be paired with calls to PyBuffer_ Release (), similar
tomalloc () and free (). Thus, after the consumer is done with the buffer, PyBuffer Release () must
be called exactly once.

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

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

Py_ssize_t PyBuffer SizeFromFormat (constchar *)
Return the implied i temsize from format. This function is not yet implemented.

int PyBuffer_IsContiguous (Py_buffer *view, char order)
Return 1 if the memory defined by the view is C-style (order is ' C ") or Fortran-style (order is 'F ') contiguous or
either one (order is 'A"). Return 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). 0O 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 configuous (C-style if order is ' C' or Fortran-style if order is 'F ') array

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

int PyBuffer_ FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly,
int flags)
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 O. Otherwise, raise
PyExc_BufferError, set view->0bj to NULL and return —1;
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AR bR ER AR gerbufferproc () —34y, W) exporter W Bk T 65, H B WAE RSB LT
£33 flags. TN, exporter ol J& NULLS,

7.7 |BE Y

3.0 iUEE#5.
X LR R Python 2 1 “IHGEm P APT IALRHR >« & Python 3 W, P EASRAFAE, (HIXLERR )
SR A TR 2.x IR BT VR 2 o sl IR MRS , (BN DEARSTEZ o S I ] R
FRART BT R TE IR A i Jo] S92 1
R, AR Pyobject_GetBuffer () (MERLAPyArg ParseTuple () BB v* Bl w* 44X
) R —DRIR G LIE, FEAEG L P RORE N ] PyBuf fer _Release (),
int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
1R[] A8 ) 0] AR R A5 W A B S A7 HLBE (R 85T . obj SEUL I SR R BL AT R op g 1.
IR O, buffer Bk NAFHBIEFFKF buffer_len B e KA BE . I AE IR 0] -1 FF B —A>
TypeError,
int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
R[] —ANF 1) A AT R B Y R SR AL 64T o obj S SRR LB TR G 11 o IR ]
0, Kf buffer BENNAFHIILFFAF buffer_len BENZEIXREE . IR ] -1 FFBLE—4> TypeError.,
int PyObject_CheckReadBuffer (PyObject *0)
IR o SCRFEREBC i ge ot LI WAR[A] 10 AR NGRIE 0. BpR U e 2 AT -
TR MR B R E R BOT R — o X, ELAE G 1 R 800 ) 5 A 1) S i iR il BRI
SR AR N I PyObject_GetBuffer ().
int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
AR [l — A4 ) 5 N AF AR PR . oby AL RRERBCFAF G 1 . AT IR ] O, Kf buffer BN
FAHUIEFFAF buffer_len BERGEM IXK L . SR -1 FF B —4 TypeError,
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BEFRXRE

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

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

8.1 BEAMR

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

8.1.1 AEIWKR

PyTypeObject
WG C 4544 H T4A built-in 2854,
PyObject* PyType_Type
SRR T type X410 type object, E7E Python J2T Al type AR,
int PyType_Check (PyObject *0)
WRXS 0 R—DHRBIN G, WFRPR TIRMERBI RGBS, R0 E. EHLEIra RN TR
.
int PyType_CheckExact (PyObject *o)
WERXS R 0 R — LA, ([EAZIRMELRRN R TRAN, REE. FEHERAREIL N REER.
unsigned int PyType_ClearCache ()
Clear the internal lookup cache. Return the current version tag.
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unsigned long PyType_GetFlags (PyTypeObject* type)
Return the tp_ f1ags member of fype. This function is primarily meant for use with Py_LIMITED_API; the
individual flag bits are guaranteed to be stable across Python releases, but access to tp_ f1ags itself is not part
of the limited API.

3.2 B fE.
Tr 3.4 MU PR The return type is now unsigned long rather than long.
void PyType_Modified (PyTypeObject *type)

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

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

Return true if the type object includes support for the cycle detector; this tests the type flag
Py TPFLAGS_HAVE_ GC.

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

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

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

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. Generic handler for the t p_new slot of a type object. Create a new instance using
the type’s tp_alloc slot.

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

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

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

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

3.4 B fE.

Creating Heap-Allocated Types

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

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

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

If bases is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead. If
that also is NULL, the new type derives from object.
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This function calls PyType_Ready () on the new type.
3.3 B HE.

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

PyType_Spec
Structure defining a type’s behavior.

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

int PyType_Spec.basicsize

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

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

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

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

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

int PyType_Slot.slot
A slot ID.

Slot IDs are named like the field names of the structures PyTypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethodsand PyAsyncMethods with anadded Py__ prefix. For
example, use:

e Py_tp_dealloctoset PyTypeObject.tp_dealloc
e Py_nb_addtoset PyNumberMethods.nb_add
* Py_sqg_lengthtoset PySequenceMethods.sq_length
The following fields cannot be set using Py Type_Spec and PyType_Slot:
e tp_dict
* tp_mro
e tp_cache

* tp_subclasses

tp_weaklist
* tp_print

* tp weaklistoffset

tp_dictoffset

bf_getbuffer

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

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

May not be NULL.

8.1.2 None Y&

W, None [Py TypeObject ANex HEAE Python / C APT /A FF . HiT None J2 B, M0 gAril (8
CHffifl ==) BLEW T. M THAXER, %#F PyNone_Check () pR%L.
PyObject* Py_None

Python None X%, FREEZ(H. XMRREATE. B BB TR AT AT 5 .

Py_RETURN_NONE
IERAL R B C BN Py_None &[] (HELZUL, 30 None W5 | HITHEOF R E.)

8.2 F{EMR

8.2.1 BHEIMR

Jiv A BRI R IR RO G 3

FEH #5I, KZ % PyLong_As* APLIR [ (R B E X A)-1 , kS — R TR HIFR. #HH
WPyErr Occurred() X4,

PyLongObject
R Python BEE G pyobject 1A,

PyTypeObject PyLong_Type
XA~PyTypeObject RISLHIZIR Python B AL. 5 Python JZ Y int AH[H .

int PyLong_Check (PyObject *p)
MR SEZ PyLongObject B{PyLongObject [ T2KAL, kA true ,

int PyLong_CheckExact (PyObject *p)
MRS E PyLongObject (BAREPyLongObject WT2A . k(A true,

PyObject* PyLong_FromLong (long v)
Return value: New reference. | v iR [0l —F I PyLongObject X4, ZRMHFiR[H] NULL .

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

PyObject* PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. 1 C unsigned long Z8HUR [ —AHfIPyLongObject X4, KRIKIIR
[f] NULL .

PyObject* PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. M\ C Py_ssize_t FERRE]—/ N PyLongObject N4, NSRS M &
[{] “NULL*,

PyObject* PyLong_FromSize_t (size_t v)
Return value: New reference. M. C size_t iR[H—/#iPyLongObject X4, AN S MR 4] “NULL*,
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PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. ) C long long ik[E—/NHi)PyLongObject Xf4, KMtk Al “NULL",
PyObject* PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. )\ C unsigned long long iR[E—#HHIPyLongObject X4, RKH;
1R [\] “NULL*,
PyObject* PyLong_FromDouble (double v)

Return value: New reference. M v F)EEEER 4y & Bl — AN PyLongObject XF4, U5 2 I ) 1% [A]
4‘NULL“ o

PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. }R1E str F4FEEHIR M — N PyLongObject , base 8 ERE . WIIE pend
AJ& NULL , Fpend K54§1a] str W F7m X MR ER 50 1Y IS T 26— F4F . Q2R base 52 0, str S
integers & SORMERE; TEXFMEI T, — D HEZHHHERECPRI$E 25K —4> valueError . fIf
base N2 0, "EMAE 2 Al < 36° 2 18], 4G 2 fl 36, AT G AR T 2 Rl T S 254 3R R
RPN . WEPRBCART, FF51% ValueError,

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. - Unicode 57515446~ Python B85(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 07515446~ Python 38{H .

3.3 BN fE.

PyObject* PyLong_FromVoidPtr (void *p)
Return value: New reference. M55t p B#—4> Python %%, W[ VAfE/fIPyLong _AsVoidPtr () iRIAIH)
FREMH

long PyLong_AsLong (PyObject *obj)
iR18] obj 1) C Long FikJya. WK obj ANjgPyLongObject BISLH, JEIMER __index__ () B
—int__ () Jk AR HHEHN Py LongObject .

R obj W{EMG T Long I, &l overflowError,
RAERRERE] -1 . i PyErr_Occurred () RIHE X,
TE 3.8 UG AR AT AR __index_ ().
38R _int__ () CHGHH.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
i1 obj ¥ C Long FikT7 o WK obj AdPyLongobject KB, Sl ER __index__ ()
_int_ () Jrk QR KEHEH N Py LongOb ject .

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

RAERREHRE] -1 . i PyErr_Occurred () SRIHE X,
TE 3.8 U B QSR R __index_ ()
3B MUGEEMMR: __int_ () E#EFH.

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

Raise OverflowError if the value of obj is out of range for a long long.
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A RRRE] -1 . i PyErr_Occurred () RIEE X,
TE 3.8 JRE N R R __index_ ().
38 MRGEM: _ int_ () BRI,

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

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

KASSRRRI] -1 . @ PyErr Occurred () Hil: L.
3.2 Friihe.

16 3.8 WG AR HFHEH __index_ ().

38 MEE MG __int_ () BHFH.

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.
RAEFRIRM -1 o fiPyErr Occurred () HHB K.

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

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

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

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

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

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

unsigned long PyLong_AsUnsignedLongMask (PyObject *obyj)
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 convert it to a PyLongOb ject.

If the value of 0bj 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.
1 3.8 MR M AR AR __index_ ().
38 MG HE: __int__ () .
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unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
Return a C unsigned long long representation of obj. If 0bj is not an instance of PyLongOb ject, first
callits __index__ () or __int__ () method (if present) to convert it to a PyLongObject.

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

Returns (unsigned long long) -1 onerror. Use PyErr_Occurred () to disambiguate.
e 3.8 CEHC: AR R __index_ ().
38 MG __int__ () BHEFEA.

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 F/RMHR

Python *Fi T /RIER AN BEY TR . A Py_False fll Py_True WM/R{H. HIL, IEHERYE)E
ARSI REAE I TR fE. (22, TFAER.
int PyBool_Check (PyObject *o)

N5 0 & PyBool_Type ZKAL, NJik[H true,
PyObject* Py_False

Python 1] “False“%f 5. ZX RGN E. ENIZRHE AL T8 R —FE A .
PyObject* Py_True

Python [ “True“Xf 4. ZXREA AT 5. B NIZZH TS| HTEGEE T 5 —HH
Py _RETURN_FALSE

MEHOR R Py_False i, FEIEMERTIHITTHEL.
Py_RETURN_TRUE

MERBGR Rl Py_True I, FFEIGMERTIHITEL

PyObject* PyBool_FromLong (long v)
Return value: New reference. 134 v ISEFR(E, REl—4> Py_True 8{# Py_False W5 -
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8.2.3 FREMR

PyFloatObject
XA CEAPyobject HTIAAEK—> Python 7 %A 42 .
PyTypeObject PyFloat_Type
XRNMNET CHRMpyTypeobject B Python iF RSB, 7 Python ZTHIFZEAL float 2]
—RT
int PyFloat_Check (PyObject *p)
Yty SH0e—A C KM pyFloatobject BF & C KA PyFloatobject WFHAN, RIEH,
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. My 475 str (HAIHE - PyFloatobject, RIEHFRFE 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)
iz [a] — A~ C double fG3 pyfloar 1) N %F. IR pyfloat A J& — 4~ Python i mi U 3f G {H j& B Ay
__float_ () J5ik, WITHRF & S8R, XF pyfloat FEHUN— AU E AR __float_ () AR
PR S __index_ () o WERAKRM, BEI5ERFRIE 1.0, WIS RE N Y MH pyErr_Occurred ()
KA
A 3.8 R AR AT AR __index_ ().

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
iR 1l —A~ pyfloat W) C double Fow, (HECAHHHRALE .
PyObject* PyFloat_GetInfo (void)
Return value: New reference. iR [a]—~ structseq SZf], Hiv 4o &4 2% float kS . e/ MBI 5 RAB I (E
B BRI float . h — MR AL
double PyFloat_GetMax ()
AR 1] 5 KT 7N A B R % DBL_MAX 2y C double
double PyFloat_GetMin ()
AR 1] 5/ NAT R R H— AR IR 3 S8 DBL_MIN *}y C double .

int PyFloat_ClearFreeList ()

ERERE IR € ClIE AT PN 9 GRS B 4@

8.2.4 FHMR

M CAPLZE , Python BB 52 th P AR AT 2» SEBL: —N@7E Python A2 5 il ) Python X5, 75 4hiY
MR EIEE R C 45H1k . APTHRAL T s 5k M AR
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FTREHH C &HHak

s B LRI R 2 XM R A SO UEE R I R AL, #Refeid “E” MRS IR . s
i T3 APLL

Py_complex
X2 — X Python S HOM SRR/ C SRR . 4 RT3 Ak PRAZ 00T 52 1) R B5CHT T X 28 B Y 2544
AR ABCE R A, BRI E O

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

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

RIBIANEZ LA, ) C FBpy_complex K.

Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
RS R 2, H C2RBPy complex iR,

Py_complex _Py_c_neg (Py_complex complex)
R ISZHL complex FIT(E, H CRALPy complex iR,

P_y_comple)u _Py_c_prod (Py_complex left, Py_complex right)
REIPHA LR, B CERry_complex R,

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
REIPA RN, ] CRABPy complex RN,

W divisor %z, I EIREIZEHKE errno S5 EDOM,

Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
R[5 num §) exp R, H C2Hipy complex FiR.,

AR num 73 B exp AR IESEL, XA R A BFHEE errno 2 EDOM.

FREHE Python 35k

PyComplexObject
XA C2MPpyobject BT —> Python HHHR .

PyTypeObject PyComplex_Type
XA BT Py Typeobject K3 Python ARSI £ Python I AL complex J& [i]—4
4.

int PyComplex_Check (PyObject *p)
MR EMERE—A CRMpycomplexObject B @& C KMpyComplexObject HFRM, &[]
H.

int PyComplex_CheckExact (PyObject *p)

WREMSEGE 1 C EKHlrycomplexObject (HAE C FAPyComplexObject 1AL, kA
=

PyObject* PyComplex_FromCComplex (Py_complex v)
Return value: New reference. ¥4t C 2581Py complex HIEAE K— A7 Python & 5% 4 .

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. 1R real Fll imag 12 [0]—/ Nl C 5B pyComplexObject R4 .

double PyComplex_ RealAsDouble (PyObject *op)
PL C 2% double 1R [\ op HISZH.
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double PyComplex_ImagAsDouble (PyObject *op)
PA C K% double &[4 op 1Y BB

Py_complex PyComplex_AsCComplex (PyObject *op)
RBIEH op 1) C 2Py complexH.

W op Rj2—A> Python ZHxt %, HRRHA __complex_ () ik, WHEFEILWRHM, ¥
op ¥4l —> Python B Hxf 5. WA __complex_ () KREXMPRFFELRE _ float_ (), 41
__float__ () REXNPEELEEZE __index__ (). W, 7 ERRRE] -1.0 VERSe%(E.

TE 3.8 RS AR W APRRE __index_ ().

8.3 IR

FPAIRS R I A AR T —Z e s AT 704 Python 157 [ IR E KRB A AR

8.3.1 bytes M5

BT RS EAN N IE S PO R, XA 5K TypeError,

PyBytesObject
XFhPyobject HFHRAFEIR—4> Python FATXIR.

PyTypeObject PyBytes_Type
PyTypeObject HSEHIZE—A Python FH7 A, 7E Python RHIE 5 bytes @MFEIHIXR .

int PyBytes_Check (PyObject *0)
MRG0 RFATRRECF RN T RA P SLBI, WHR[E true.

int PyBytes_CheckExact (PyObject *0)
WA 0 BT IWNR, (AR TR THRARSLH], IR N true,

PyObject* PyBytes_FromString (const char *v)
Return value: New reference. JUJR [B]—APAFAFER v (B A AE BT 8B X4, IR [a] NULL,
B2 v AR NULL; BEARPRGA .

PyObject* PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. JEHIBT IR [l —APAFAFHR v I EIASH(E HACEE R len WBFAT XS, RIK
R[] NULL. 402 v 2 NULL, DRI Ay R R N2 .

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. 15—/~ C printf () XA&IH format FAFEE a2 58 IS5, TR 4R
Python =35 B X 1 R/INFIR B SHUEZAS A0 G E A BB X 4. nl AR B i S5 i C R809F
HW GRS format FAFER A RE N FAFRIXT Y. . ARV R 2 A R
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%5 RiE A LF% FAF -

1e int — T, ?ﬁ%‘%ﬂ?ﬁﬂé/l\ Cifs s

sd int MY T printf ("sd").f

Su unsigned int FHYT printf ("su").!

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

$1lu unsigned long | #124T printf ("$1u").!

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

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

%1 int MXMT printf("sim) .t

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

$s const char* PA null 2% 1551 C 47504 .

5p const void* —A C e TN FRRIE . BEASN T printf ("sp") HES
WORATF IS 0x JF3k, ABRGFH L printf Bkaih 214,

TEEFMEIE T 2 FECRAS AR B R I WA R RIBISER SR, FFEFE L RS
e

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

PyObject* PyBytes_FromObject (PyObject *o)
Return value: New reference. 12 [A| 537~ SEILZE i KPS X 42 *0%,
Py_ssize_t PyBytes_Size (PyObject *0)
BRI FATRGE *o* P ATHIRK
Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
FIMAK)PyBytes_Size () (@R ARG .
char* PyBytes_AsString (PyObject *0)
IR, 0 BN 2 38 %f iﬂa%ﬁaﬁl o NERZEM X, HHflE len (o) + 1 AFEAT. ZnpXIH
RIFE—N P RRNE, MEREAEHMZ AT SR AR RE AR, BRIE2 NI

PyBytes_ FromStrlngAnd81ze (NULL, size) fJ@ZNE. EANTHRE L. 2R o AN Z
— AL, WPyBytes AsString () ¥i&[E] NULL 75| & TypeError,

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

int PyBytes_AsStringAndSize (P\?Objecr *obj, char **buffer, Py_ssize_t *length)
AL i A2 B bugffer F1 length 3R 0] DA null S92 [FAFHIXS G obj NS .

WIS length >} NULL, FATEEXEMA W ERANS T WREE, MWZRERR -1 5] %

ValueError,

ZE X AR obj WG R, BEMARBE S —ANEIMIZE T ORBAE length 249 ) o SRR AT 8
AT 2ok B, BAERRIfEH PyBytes_FromStringAndSize (NULL, size) BIEHZXSR. ©
ANATHHRES AT . MR obj IRARNE—AFATHEXG, WryBytes AsStringAndSize () ¥fiR[A -1
H5| K& TypeError,

TE 3.5 UG PART, 4 B0 B A S E 5] & TypeError.

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
e *bytes FPRIEGHIH) FATER X G, HAP L S ISR bytes 1 newpart WINES s W HIE KRS H5 1 o X
bytes JFAHI G| HIREREUS ] . QR TCIEQIEERTRT S, X bytes (1 IHG | TSR0 25 H. *bytes IEARF N
NULL; HIF5 8 4 10 7
VS THRAGRIIAF (4, u, 1d, lu, zd, zu, §, x): MZHRERRE, O FARRE AN
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void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

1 *bytes HAIEGHTINFATHIX G, HA A& UNINE] bytes i) newpart FINES . RAS &8> newpart (75
iR

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

AT N —FhOr 3, RIS ORI iy U TR R TR AR
T ERAE AR 8 AL 0 R IS Al o i 5 SR A 1 X R B 5 | 10 g — U] 1 bt e
Fraiess . & A—BA TR R A HUIEAE ) Ivalue (ERTRERBEA), IFEARERFTIN. 1)
I, *bytes REAFHCAE R/ ING I AR RIFIR M) 05 *bytes i Lk w] fE -5 Hobi AL AN]SR 55T
SPBCRIG, W *bytes 1 (I TFT FR X GAF YRS 0 BL, *bytes 2B NULL, [R]IN E MemoryError
Hrag ] -1,

8.3.2 FHMAMR

PyByteArrayObject

XANPyObject BFIPMFEIR—> Python "FHr4HXT A .

PyTypeObject PyByteArray_Type

Python bytearray 287 IR APy TypeObject HISEHRI; X5 Python ZHHY bytearray EAHE N4,

KBRER

int PyByteArray_Check (PyObject *o)

NG 0 BT AR RN Ho— A T B SR T IS, R [0 E.

int PyByteArray_CheckExact (PyObject *0)

BRGE 0 B FAAIN G, (HAR AP RAIIA TRB LRI, R .

E# APl B3

PyObject* PyByteArray_ FromObject (PyObject *0)

Return value: New reference. ¥RYEATATSZI T 42 o7 R0 BN o, 3R [ — B AU T4 .

PyObject* PyByteArray FromStringAndSize (const char *string, Py_ssize_t len)

Return value: New reference. 1311 string St HAC R len 63— N1 bytearray %5 . 2425 IR [1] NULL,

PyObject* PyByteArray_Concat (PyObject *a, PyObject *b)

Return value: New reference. JEREFTEE a 1 b F R Bl — G 45 R T =5 804 .

Py_ssize_t PyByteArray_Size (PyObject *bytearray)

TERL T NULL $541 1R 9] bytearray (K7

char* PyByteArray_AsString (PyObject *bytearray)

FERA NULL 4541 5 [0 bytearray 3R 8] —ANFAFRAL . 3R [0l RCALE 2 S I I— VBN 25 77

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)

¥t bytearray 1) NTBGE M IX [ K INEEE A len.,
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M

XEETARGE A TE DA IUERE , AT A RS .
char* PyByteArray_AS_STRING (PyObject *bytearray)
C pKipyByteArray AsString() WZERZAR,

Py_ssize_t PyByteArray_GET_SIZE (PyObject *bytearray)
C ¥ (PyByteArray Size () WZERA .

8.3.3 Unicode & F014miEHZt028
Unicode Y&

H M python3.3 HsZH T :pep:393 DA, Unicode X4 7E NEBfdi JH &M 3m B, DABELEARER AR08 0 ] if
Ab PR SEFE LK) Unicode F4F. Xt Fr UGS SRR T 128, 256 B 65536 HYF4FHR, A Subpikiii; &
W], AR S AT 1114112 (X 25319 Unicode 5[ ) .

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE * representation is deprecated and inefficient; 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.

* "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 APL

it 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£HY

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

Py_UCS4

Py_UCS2

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

3.3 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.

7 3.3 iR 2k 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
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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 B fE.

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 BRI HE.

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

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

3.3 B fE.

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
PyUnicode_KIND () to select the right macro. Make sure PyUnicode_READY () has been called before
accessing this.

3.3 BRI HE.

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

Return values of the PyUnicode KIND () macro.

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

int PyUnicode_KIND (PyObject *0)
Return one of the PyUnicode kind constants (see above) that indicate how many bytes per character this Unicode
object uses to store its data. o has to be a Unicode object in the “canonical” representation (not checked).

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

3.3 B

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

3.3 BRI HE.

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

3.3 B .

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

3.3 B .

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

3.3 B .

int PyUnicode_ClearFreelist ()
HERE R IR IE R 2% H 4k

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)

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).

TE 3.3 {2 This macro is now inefficient -- because in many cases the Py UNICODE representation does not
exist and needs to be created -- and can fail (return NULL with an exception set). Try to port the code to use the
new PyUnicode_nBYTE_DATA () macros or use PyUnicode WRITE () or PyUnicode READ ().

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

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

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

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

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

int Py_UNICODE_ISTITLE (Py UNICODE ch)
Return 1 or 0 depending on whether c# is a titlecase character.

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

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

int Py _UNICODE_ISDIGIT (Py_UNICODE ch)
Return 1 or 0 depending on whether ch is a digit character.

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

int Py _UNICODE_ISALPHA (Py_UNICODE ch)
Return 1 or 0 depending on whether c#/ is an alphabetic character.

int Py _UNICODE_ISALNUM (Py_ UNICODE ch)
Return 1 or 0 depending on whether ch is an alphanumeric character.

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

These APIs can be used for fast direct character conversions:

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

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

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

3.3 iR J5 E#5%: This function uses simple case mappings.

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

3.3 {5 EL #8048 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.
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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 <= O0xDFFF).

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 BRI HE.

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

3.3 B RE.

PyObject* PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the char buffer u. The bytes will be interpreted as being
UTF-8 encoded. The buffer is copied into the new object. If the buffer is not NULL, the return value might be a
shared object, i.e. modification of the data is not allowed.

If u is NULL, this function behaves like PyUnicode_FromUnicode () with the buffer set to NULL. This usage
is deprecated in favor of PyUnicode New ().

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

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

% int AR, Rk C i%%é’ﬂi@%ﬂo

5d int EEs printf("gd")

Su unsigned int FYT printf ("su").!

$1d KA AT printf ("$ ld"> !

$1i KA LT printf ("s1i") ]

$1u unsigned long MX4T printf ("s1u").!

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

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

$11lu unsigned long long M4 T printf("s11u").!

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

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

$zu size_t MM T printf ("szu").!

$i int MY T printf("sim). T

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

$s const char* PA null 292 FAFH) C 45504

sp const void* —A C AT NIRRT EASEMT print £ ("sp")

EE%W@%W\%@{E 0x JFk, AERGT-E L printf K
4.

SA PyObject* ascii () FEHMSR.

$U PyObject* A Unicode object.

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

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

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

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

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

TE 3.2 iR HE PR Support for "$11d" and "$11u" added.
TE 3.3 fRHE 2 Support for "$14", "$11i" and "$zi" added.
JE 3.4 JRFEPL: Support width and precision formatter for "$s™", "$A", "SU", "$V", "$S", "$R" added.

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

PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. Decode an encoded object obj to a Unicode object.

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

All other objects, including Unicode objects, cause a TypeError to be set.

! For integer specifiers (d, u, 1d, 1i, lu, 1id, 11i, Ilu, zd, zi, zu, i, X): the O-conversion flag has effect even when a precision is given.
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The API returns NULL if there was an error. The caller is responsible for decref’ing the returned objects.

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

3.3 B

Py_ssize_t PyUnicode_CopyCharacters (PyObject  *to, Py_ssize_t to_start,  PyObject  *from,

Py_ssize_t from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when necessary

and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise returns the number
of copied characters.

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

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

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

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

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

3.3 BRI HE.

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

3.3 BRI HE.

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

3.3 B .

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

3.3 BRI HE.

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

3.3 BRI HE.
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Deprecated Py_UNICODE APIs

Deprecated since version 3.3, will be removed in version 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 migrate
to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

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

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

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_ UNTICODE * string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.3 BN fE.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using PyUnicode AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

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

3.2 FriR e
Please migrate to using PyUnicode_AsUCS4Copy () or similar new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Return the size of the deprecated Py UNTCODE representation, in code units (this includes surrogate pairs as 2
units).
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Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using PyUnicode_GET_LENGTH ().

PyObject* PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Copy an instance of a Unicode subtype to a new true Unicode object if necessary. If
obj is already a true Unicode object (not a subtype), return the reference with incremented refcount.

Objects other than Unicode or its subtypes will cause a TypeError.

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.
Z W

The Py _DecodeLocale () function.

3.3 B fE.

JE 3.7 iR 2 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 locale
encoding on other platforms. The supported error handlers are "strict" and "surrogateescape" (PEP
383). The encoder uses "strict" error handler if errors is NULL. Return a bytes object. unicode cannot
contain embedded null characters.

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding (the
locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
S W

The Py _EncodelLocale () function.

3.3 B IE.

TE 3.7 i 2 The function now also uses the current locale encoding for the surrogateescape error handler,
except on Android. Previously, Py_EncodeLocale () wasused 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_FEncodeFSDefault (); bytes objects are output as-is. result must be a
PyBytesObject * which must be released when it is no longer used.

3.1 B gE.
TE 3.6 fREE U 252 —A path-like object ,

To decode file names to str during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:

int PyUnicode_FSDecoder (PyObject* obj, void* result)
ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through the os .PathLike
interface -- to st r using PyUnicode_DecodeFSDefaultAndSize (); str objects are output as-is. result
must be a PyUnicodeOb ject * which must be released when it is no longer used.

3.2 Fri e
JE 3.6 fREE U 252 —A path-like object

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. ~Decode a string using Py_FileSystemDefaultEncoding and the
Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().

S
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 string using Py_FileSystemDefaultEncoding
and the Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
JE 3.6 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 isinitialized at startup from the locale encoding and cannot be modified
later. If you need to encode a string to the current locale encoding, use PyUnicode_EncodeLocale ().
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S
The Py_EncodeLocale () function.
3.2 FrhRE.

£ 3.6 iU : Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t Support

wchar_t support for platforms which support it:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the wchar_t buffer w of the given size. Passing —1
as the size indicates that the function must itself compute the length, using weslen. Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)
Copy the Unicode object contents into the wchar_t buffer w. At most size wchar_t characters are copied
(excluding a possibly trailing null termination character). Return the number of wchar_t characters copied or
-1 in case of an error. Note that the resulting wchar_t* string may or may not be null-terminated. It is the
responsibility of the caller to make sure that the wchar_t * string is null-terminated in case this is required by the
application. Also, note that the wchar_t * string might contain null characters, which would cause the string to
be truncated when used with most C functions.

wchar_t* PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
Convert the Unicode object to a wide character string. The output string always ends with a null character. If size is
not NULL, write the number of wide characters (excluding the trailing null termination character) into *size. Note
that the resulting wchar_t string might contain null characters, which would cause the string to be truncated when
used with most C functions. If size is NULL and the wchar_t* string contains null characters a ValueError
is raised.

Returns a buffer allocated by PyMem_Alloc () (use PyMem_Free () to free it) on success. On error, returns
NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

3.2 B RE.

TE 3.7 fR B PR : Raises a ValueError if sizeis NULL and the wchar_t * string contains null characters.

Built-in Codecs

Python provides a set of built-in codecs which are written in C for speed. All of these codecs are directly usable via the
following functions.

Many of the following APIs take two arguments encoding and errors, and they have the same semantics as the ones of
the built-in st r () string object constructor.

Setting encoding to NULL causes the default encoding to be used which is ASCII. The file system
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 st r () built-in function. The codec to
be used is looked up using the Python codec registry. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)
Return value: New reference. Encode a Unicode object and return the result as Python bytes object. encoding and
errors have the same meaning as the parameters of the same name in the Unicode encode () method. The codec
to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding, const char *er-

rors)
Return value: New reference. Encode the Py_UNTCODE buffer s of the given size and return a Python bytes object.

encoding and errors have the same meaning as the parameters of the same name in the Unicode encode () method.
The codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the
codec.

Deprecated since version 3.3, will be removed in version 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 consumed

is not NULL, trailing incomplete UTF-8 byte sequences will not be treated as an error. Those bytes will not be
decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Encode a Unicode object using UTF-8 and return the result as Python bytes object.
Error handling is "strict”. Return NULL if an exception was raised by the codec.

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
Return a pointer to the UTF-8 encoding of the Unicode object, and store the size of the encoded representation (in
bytes) in size. The size argument can be NULL; in this case no size will be stored. The returned buffer always has
an extra null byte appended (not included in size), regardless of whether there are any other null code points.

In the case of an error, NULL is returned with an exception set and no size is stored.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a pointer
to the same buffer. The caller is not responsible for deallocating the buffer.

3.3 Frihfe.
JE 3.7 IR B PR The return type is now const char * rather of char *.

const char* PyUnicode_AsUTF8 (PyObject *unicode)
As PyUnicode_AsUTF8AndSize (), but does not store the size.

3.3 BRI HE.

98 Chapter 8. EFRIMRE



The Python/C API, %k 7%; 3.8.6

TE 3.7 2 The return type is now const char * rather of char *.

PyObject* PyUnicode_EncodeUTF8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer s of the given size using UTF-8 and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE
API; please migrate to using PyUnicode_ AsUTF8String (), PyUnicode AsUTF8AndSize () or
PyUnicode_ AsEncodedString ().

UTF-32 Codecs

These are the UTF-32 codec APIs:

PyObject* PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Decode size bytes from a UTF-32 encoded buffer string and return the corresponding
Unicode object. errors (if non-NULL) defines the error handling. It defaults to strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == —-1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first four bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorderis -1 or
1, any byte order mark is copied to the output.

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors, int *by-

teorder, Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF32 (). If consumed

is not NULL, PyUnicode_DecodeUTF32Stateful () will not treat trailing incomplete UTF-32 byte se-
quences (such as a number of bytes not divisible by four) as an error. Those bytes will not be decoded and the
number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. Return a Python byte string using the UTF-32 encoding in native byte order. The
string always starts with a BOM mark. Error handling is “strict”. Return NULL if an exception was raised by the
codec.

PyObject* PyUnicode_EncodeUTF32 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int byte-

order)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode data

in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
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Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNTICODE API; please
migrate to using PyUnicode AsUTF32String () or PyUnicode_AsEncodedString().

UTF-16 Codecs

These are the UTF-16 codec APIs:

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference. Decode size bytes from a UTF-16 encoded buffer string and return the corresponding
Unicode object. errors (if non-NULL) defines the error handling. It defaults to strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first two bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorderis -1 or
1, any byte order mark is copied to the output (where it will result in either a \ufeff or a \uf f fe character).

After completion, *byfteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.

Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeUTF16Stateful (const char *s, Py_ssize_t size, const char *errors, int *by-

teorder, Py_ssize_t *consumed )
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeUTF16 (). If consumed

is not NULL, PyUnicode_DecodeUTF16Stateful () will not treat trailing incomplete UTF-16 byte se-
quences (such as an odd number of bytes or a split surrogate pair) as an error. Those bytes will not be decoded and
the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsUTF16String (PyObject *unicode)

Return value: New reference. Return a Python byte string using the UTF-16 encoding in native byte order. The
string always starts with a BOM mark. Error handling is “strict”. Return NULL if an exception was raised by the
codec.

PyObject* PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int byte-

order)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode data

in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is O, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is defined, a single Py_ UNICODE value may get represented as a surrogate pair. If it is
not defined, each Py UNICODE values is interpreted as a UCS-2 character.

Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 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 consumed

is not NULL, trailing incomplete UTF-7 base-64 sections will not be treated as an error. Those bytes will not be
decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py_ssize_t size, int base64SetO,

int base64 WhiteSpace, const char *errors)
Return value: New reference. Encode the Py UNTCODE buffer of the given size using UTF-7 and return a Python

bytes object. Return NULL if an exception was raised by the codec.

If base64SetO is nonzero, “Set O” (punctuation that has no otherwise special meaning) will be encoded in base-64.
If base64 WhiteSpace is nonzero, whitespace will be encoded in base-64. Both are set to zero for the Python "utf-7”
codec.

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

Raw-Unicode-Escape Codecs

These are the "Raw Unicode Escape” codec APIs:

PyObject* PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the Raw-Unicode-Escape encoded
string s. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using Raw-Unicode-Escape and return the result as a bytes
object. Error handling is “strict”. Return NULL if an exception was raised by the codec.
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PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Raw-Unicode-Escape and
return a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 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 UNTCODE buffer of the given size using Latin-1 and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 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_DecodeASCITI (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the ASCII encoded string s. Return
NULL if an exception was raised by the codec.

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using ASCII and return the result as Python bytes object.
Error handling is strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeASCII (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_ UNTCODE buffer of the given size using ASCII and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsASCIIString () or PyUnicode_AsEncodedString ().
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Character Map Codecs

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done to
obtain most of the standard codecs included in the encodings package). The codec uses mapping to encode and
decode characters. The mapping objects provided must support the __getitem__ () mapping interface; dictionaries
and sequences work well.

These are the mapping codec APIs:

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the encoded string s using the given

mapping object. Return NULL if an exception was raised by the codec.

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers in the range
from O to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals) or None. Unmapped
data bytes -- ones which cause a LookupError, as well as ones which get mapped to None, OXxFFFE or '\
ufffe', are treated as undefined mappings and cause an error.

PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Encode a Unicode object using the given mapping object and return the result as a
bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range from 0 to 255 or
None. Unmapped character ordinals (ones which cause a LookupError) as well as mapped to None are treated
as "undefined mapping” and cause an error.

PyObject* PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

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

The following codec API is special in that maps Unicode to Unicode.

PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. Translate a string by applying a character mapping table to it and return the resulting
Unicode object. Return NULL if an exception was raised by the codec.

The mapping table must map Unicode ordinal integers to Unicode ordinal integers or None (causing deletion of
the character).

Mapping tables need only provide the __getitem__ () interface; dictionaries and sequences work well. Un-
mapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors has the usual meaning for codecs. It may be NULL which indicates to use the default error handling.

PyObject* PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors) . )
Return value: New reference. Translate a Py_ UNICODE buffer of the given size by applying a character mapping

table to it and return the resulting Unicode object. Return NULL when an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_ UNTCODE API,; please
migrate to using PyUnicode_Translate (). or generic codec based API
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MBCS codecs for Windows

These are the MBCS codec APIs. They are currently only available on Windows and use the Win32 MBCS converters
to implement the conversions. Note that MBCS (or DBCS) is a class of encodings, not just one. The target encoding is
defined by the user settings on the machine running the codec.

PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Create a Unicode object by decoding size bytes of the MBCS encoded string s. Return
NULL if an exception was raised by the codec.

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. If consumed is NULL, behave like PyUnicode_DecodeMBCS (). If consumed
is not NULL, PyUnicode_DecodeMBCSStateful () will not decode trailing lead byte and the number of
bytes that have been decoded will be stored in consumed.

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Encode a Unicode object using MBCS and return the result as Python bytes object.
Error handling is “strict”. Return NULL if an exception was raised by the codec.

PyObject* PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Return value: New reference. Encode the Unicode object using the specified code page and return a Python bytes
object. Return NULL if an exception was raised by the codec. Use CP_ACP code page to get the MBCS encoder.

3.3 B fE.

PyObject* PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using MBCS and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE
API; please migrate to using PyUnicode_AsMBCSString (), PyUnicode_EncodeCodePage () or
PyUnicode_AsEncodedString ().

Methods & Slots

Methods and Slot Functions

The following APIs are capable of handling Unicode objects and strings on input (we refer to them as strings in the
descriptions) and return Unicode objects or integers as appropriate.

They all return NULL or —1 if an exception occurs.

PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. Concat two strings giving a new Unicode string.

PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Split a string giving a list of Unicode strings. If sep is NULL, splitting will be done
at all whitespace substrings. Otherwise, splits occur at the given separator. At most maxsplit splits will be done. If
negative, no limit is set. Separators are not included in the resulting list.

PyObject* PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. Split a Unicode string at line breaks, returning a list of Unicode strings. CRLF is
considered to be one line break. If keepend is 0, the Line break characters are not included in the resulting strings.

PyObject* PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Join a sequence of strings using the given separator and return the resulting Unicode
string.
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Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int di-

rection)
Return 1 if substr matches str [start :end] at the given tail end (direction == —1 means to do a prefix match,

direction == 1 a suffix match), 0 otherwise. Return —1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
Return the first position of substr in str [start :end] using the given direction (direction == 1 means to do a
forward search, direction == —1 a backward search). The return value is the index of the first match; a value of —1
indicates that no match was found, and -2 indicates that an error occurred and an exception has been set.

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direction)
Return the first position of the character chin str [start : end] using the given direction (direction == 1 means
to do a forward search, direction == —1 a backward search). The return value is the index of the first match; a value
of —1 indicates that no match was found, and -2 indicates that an error occurred and an exception has been set.

3.3 B Tfe.
TE 3.7 B start and end are now adjusted to behave like str[start:end].

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Return the number of non-overlapping occurrences of substr in str [start:end]. Return -1 if an error oc-
curred.

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
Return value: New reference. Replace at most maxcount occurrences of substr in str with replstr and return the
resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)
Compare two strings and return —1, 0, 1 for less than, equal, and greater than, respectively.

This function returns —1 upon failure, so one should call PyErr_Occurred () to check for errors.

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Compare a Unicode object, uni, with string and return —1, 0, 1 for less than, equal, and greater than, respectively.
It is best to pass only ASCII-encoded strings, but the function interprets the input string as ISO-8859-1 if it contains
non-ASCII characters.

This function does not raise exceptions.

PyObject* PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Rich compare two Unicode strings and return one of the following:

e NULL in case an exception was raised
e Py_True or Py_False for successful comparisons
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_FEQ, Py_NE, Py_LT,and Py_LE.

PyObject* PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. Return a new string object from format and args; this is analogous to format %
args.

int PyUnicode_Contains (PyObject *container, PyObject *element)
Check whether element is contained in container and return true or false accordingly.

element has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **string)
Intern the argument *string in place. The argument must be the address of a pointer variable pointing to a Python
Unicode string object. If there is an existing interned string that is the same as *string, it sets *string to it (decre-
menting the reference count of the old string object and incrementing the reference count of the interned string
object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification: even

8.3. FRIINigR 105



The Python/C API, %% 3.8.6

though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you own the
object after the call if and only if you owned it before the call.)

PyObject* PyUnicode_InternFromString (const char *v)
Return  value: New  reference. A combination of PyUnicode FromString() and
PyUnicode_InternInPlace (), returning either a new Unicode string object that has been interned,
or a new ("owned”) reference to an earlier interned string object with the same value.

8.3.4 LMK

PyTupleObject
XA~Pyobject HFRIFE—> Python FICHI A

PyTypeObject PyTuple_Type
PyTypeObject LB F—"1 Python JLAZEAL, X5 Python JZTH Y tuple A FEIXIE .

int PyTuple_Check (PyObject *p)
WA p 22— A TCHX G BCE TCH LA B S, AR ] A

int PyTuple_CheckExact (PyObject *p)
R p 2— DTN G, MAR—DICH TRARY B, R b EE .

PyObject* PyTuple_New (Py_ssize_t len)
Return value: New reference. [ BFR M —NEICHM LR, KIE N len, FRIEEHRR] “NULL”,

PyObject* PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. IR Bl — I ICE X%, K/ n, KRIEEBHR[E NULL. JCAHERIEE
Ak A $E 1) Python XT %1 JG%E n C 24, PyTuple_Pack (2, a, b) fl Py_Buildvalue (" (00)",
a, b) M%.

Py_ssize_t PyTuple_Size (PyObject *p)
RER TN R, R FHZITCH AR /IN.

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
RIITCAH *p* RN, B AUEE “NULLH: HAg 1 — oo A PATH IRk A

PyObject* PyTuple_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. J2[1] p Fr3g i e, (VT pos AbHIXT5 . R pos @ H FLHR, &[]
NULL , H#H—4 IndexError ¥,

PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. J3M T PyTuple_GetItem(), {EAKEHSE.
PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. 12 [W] *p* Frgla]fITeHAY) A, 1E *low™ F *high* Z 8], B 1E RIS IR 7]
“NULL*, iX%%[A] T Python #ik: p[low:high] . ANZREMINIERERT],
int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
TE p F I TCALY pos P EITRARXGE o (5 H o BEIIFR M 05 415 pos #RAL, WM -1, F4fld—

A~ IndexError B,

MR BB BTl X o 19BN, R I LA EAEZ AL B A H 51

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
KT PyTuple SetTtem(), HABATHIRIA, HHMZ R APNRIEEEFITTH.
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i XPNES k" — W o 51, (H5PyTuple setItem() A, € & EFFXIMEMHE
BTG TTH T pos (L AT | F#RRE B -

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
A AT IRETTHRI RN newsize F5 i@ TTHAFAC L . [ TCEH #OA A RA TSR, At ULHTEXTR
A —D5I N, ANIZEHE. aRcd e @ ry iR g A, SR . Tdlfe
IE BSR4 /N . WEEELHRIHTHIFQE - MHcd, RaEas. mEmhamE o %
PR A MWABRGE *p W25 AR5 R AT LR B AR e 7] 2R T o SUHRIXS S, WG
*p KERREEER . RIGET, &[] “-1¢) K *p W E N NULL, FH5|X MemoryError Bi# SystemError,

int PyTuple_ClearFreeList ()

Epests 9 el P AT e 9 G P E R @

8.3.5 LHFIINTR

LRI GOE M T namedtuple () 1 CXR, BI—Aps1, Ay AW AESErEdim. )@
KIS, R e AR AR E Y S A S R

PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. 4 desc " (AR B — /B W 4548 )7 21 258, R Frik. w7 PAf#
JlPyStruct Sequence_New () Al 45 R AR S,

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M *desc* AT UG ALEEHIFFI KA *type*.

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
5 pyStructSequence_InitType fH[FE, HMYIEHRE 0, KEHHRE -1 .

3.4 B fE.

PyStructSequence_Desc
A E AR S T B LR B

15 Czal X

name const char * LER P 5 B 24 B

doc const char * i ) 22 M R SCRY AT ER B NULL 19451

fields PyStructSequence_Field| $8[n DA NULL 45 IS T84T, HFEEAM N
* BT

n_in_sequence int Python I ] WL FBEEC (andf AEc4l)

PyStructSequence_Field
BT I — D F B MEEHF IRy TR, A TR KB ZPyobject *.
TEPyStruct Sequence_Desc [ fields ¥ PR T WE T 4544075 A2 W5 B .

i | CkA X
namg const ¥ B 4 FREl “NULL® |, 5 Z 45 ] 4 F B2 &, & & b

char * PyStructSequence_UnnamedField VMREE Rt 7B
doc | const F2 W) B docstring B, “NULL“
char *

char* PyStructSequence_UnnamedField

ERE ALY/ NIERS IS E SRR NS
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PyObject* PyStruct Sequence_New (PyTypeObject *type)
Return value: New reference. Q% type ) SEH, LB Py St ruct Sequence NewType () .

PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. R 9] *p* B85 EF H, (VT *pos* ALURTR . AN TR
Kt

PyObject* PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem () WA,

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
REEH T p (RS | pos AP B ENH 0. HPyTuple SET_ITEM() —Ff, BENiZHMHTHEA
BB

TR XAEREC g TR *o* iI—EIH

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem() MIZERA.

M XARE “BTHC TR fo* l—A5 .

8.3.6 FIRIK

PyListObject
XA CEAPyobject HTIAAEK—> Python F X R .
PyTypeObject PyList_Type
XM E T PyTypeobject K3 Python 51| KA LB . 7 Python JZMIAIZEAL 1ist 2 [F—Xf
%o
int PyList_Check (PyObject *p)
MR p e —DINRM R & — P RLR N T RB LI, REE.
int PyList_CheckExact (PyObject *p)
Y p @ PIIRNG, ER ARy RERN 7RG, RIE
PyObject* PyList_New (Py_ssize_t len)
Return value: New reference. B} [0 — /K&K len (IFF 3%, Je TR B NULL.

WA 24 len KT ZH, #R B S RS0 H B NULL. W IGAR ARG ZEL C R
¥ pPysequence_SetTtem() W% APl 5iE ] C lEkPyList_SetItem () YA W H % E N E
SRR Python AR AFFIXAXF 4.

Py_ssize_t PyList_Size (PyObject *list)

R[] list PRI SE X FETAEFA R A Len (1ist)
Py_ssize_t PyList_GET_SIZE (PyObject *list)

TR C MBLPyList_Size () |, MATRSIRN.

PyObject* PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. 1R [9] list fr¥5 a5 R index i B _FHIXT % . (CEELTCNAETEG AN
S'ZTT/\AEIJ%@K% H472Z5] . WR index #8315 (<0 or >=len(list)), Wik 0] NULL Hi%# IndexError

S o
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PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. FEfAH] C BREPyList_GetItem () , WA 4G

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)

hﬁﬂ%*%‘?@ljﬂmdexEl’JIﬁmjﬂttem SIS IR [E] 0 o AR index 8 H R M3 ] -1 HE IndexError
S o

AR MRS “fil” — X item BT HIFFEFE— AR R Z P E R EA K H AT .

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, Py Objecr *0)
AR BN A Py List _SetTtem (). JXMHE RGN THH R P2 WA WA AL E HEATIH
Tt

iR %S ik —A%titem W51, H5PyList_SetItem() NEMRE =& EFNHTM B
B HWGI M A list 14 i 08 TS | SRR i 25 o

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)

F25 B item $H A BB list RE1S index Z BIHINLE . IR BIRFRE 05 AR WR A -1 H3%
BE—PNRE. 4T list.insert (index, item),

int PyList_Append (PyObject *list, PyObject *item)
FEXFG item PSIMBIGFR list WA . QERBIFFIRIE 05 WA E] -1 H&E . Y
F list.append(item).

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. iR [8]—/ X253, A4 list 40 00T low Fl high Z 18 [RIXTE . A1 T
MR B NULL HE S M2 T list [low:highl. ACFRMIIFAKREHITRE],

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
W list 2470 low 5 high 2 18] /Y] F K itemlist (N2 FH24 T 1ist [low: high} = itemlist - itemlist

A PASH NULL, FORBEN— 2502 (MY ). aehRE 0, KR o IXHEALFFMTY
TR L %9]
int PyList_Sort (P}Objecz *[ist)
XI list 2% H AT IR HHE Y o IR 0, 2R Mk o AT list.sort ().
int PyList_Reverse (PyObject *list)
Xt list R 4% H #- 7 IR s s . sk ] o, R R o XEHEMT list.reverse ().

PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. 12 Bl —ANETCAX S, HAES list NE: T tuple (list) .

int PyList ClearFreeList ()

RN . IR ] PR 2% H AR
33 %ﬁﬁﬁiﬂaa
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8.4 FIAMR
8.4.1 FHIUR

PyDictObject
XA pPyobject BTIEAMA K Python FHLXTR
PyTypeObject PyDict_Type
Python T3 gy Typeobject B3R, X5 Python R dict BHIIFMIN .
int PyDict_Check (PyObject *p)
MR p RIS G B IR 7B L), WERFE.
int PyDict_CheckExact (PyObject *p)
W p B F MG F IR TR L6, NWHRPIE.
PyObject* PyDict_New ()
Return value: New reference. 1R[]l — A 2S 2 0L SRR [9] NULL,
PyObject* PyDictProxy_New (PyObject *mapping)
Return value: New reference. J&[1] types.MappingProxyType X%, T4 T K47 0 00 e,
TR E AR 118 ARl SR
void PyDict_Clear (PyObject *p)
25 A S BT BN
int PyDict_Contains (PyObject *p, PyObject *key)
Wi5E key RMAEET I p o QR key VEFC b p (FE—3T, WRME 1, AHWERE 0 o &[] -1 FIRH
g X4 [E]T Python 3353 key in p .
PyObject* PyDict_Copy (PyObjecI *n)
Return value: New reference. i IE[ 5 p A0 F R BB X B BT

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
i key VERHERF val 3 AT p. key WhZiRhashable; JIREARR, W5 % TypeError. BRI
0, RIGHmRE] -1, BeREL R val 1511 .

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
A key 1N B val 4 A B 5 M p. key WV 24y const char*. X Z 2 fif
PyUnicode_Fromstring (key) QA WENRGEM 0, KGR -1, HEE T & 3T val
1.

int PyDict_DelItem (PyObject *p, PyObject *key)
BT I p b key 92 H . key D6AUR TTHA 75 0 ﬁD%Tzz, MAE % TypeRrror. QST
BH key, M£5]1% KeyError. WIHINIRE 0, KII&

int PyDict_DelItemString (PyObject *p, const char *key)
Pl p il 7 T$ key B BRI 2 H o MR FHARAT key, WRT1K KeyError, JRZHN 1R H]
0, ZRIKHFRME ~

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)

Return value: Borrowed reference. M\ FIL p Wi [\ DA key “MERIIXT S . WNREES key NFEAEH XA KE—
A5 WR B NULL,

FETEEMWE, WM _hash__ O M _eq () HETAEMWEEASASHME. &K
HPyDi ct_Get ItemWithError () RS4RI .

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () WZASFN, BASHEMGEE . Y55 &4 IR b
NULL Jf B — . WEREAAENGR ] NULL Jf HARBEE— 55
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PyObject* PyDict_GetItemString (P)Object *p, const char *key)
Return value: Borrowed reference. X5 PyDict_GetItem () —Fk, {HE key P38 E N const char*, |
ANEPyoObject *,

TEHENZ, WH _hash__ () . _eq__ () FEMAIE NIRRT RSB A FE A2
Wi s . W PyDict_GetItemWithError () 48R,

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. iX ft Python JZ1H[{] dict .setdefault () —FkE. UNFR4E key 775, B
R MIAE B p BRGSO . WERBEARTEAE , B2 A defaultobj “iiﬁ)\# 8] defaultobj . %A~ K%L
Rﬁ%hwmmﬁ@ﬁ*ﬂ,ﬁfmf%ﬁﬂﬁAﬁﬁﬂﬁﬁ%o

3.4 BRI fE

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. iR [A|— A& i Frg S{H i Py ListObject,

PyObject* PyDict_Keys (PyObject *p)
Return value: New reference. 1R [Al—A~0 & 7 M TG 8 (keys) BPyListObject,

PyObject* PyDict_Values (PyObject *p)
Return value: New reference. 1R[] — A& FrG {H (values) [ PyListObject,

Py_ssize_t PyDict_Size (PyObject *p)
AP H AL, ST X p ) 1en (p)

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
AT p PRI BN AEER— U LR BT ARIE AT, 1 ppos TG I Y Py_ssize_t 4AJ0
PANIRIA 05 ZeRECR: hy 7 M AR AN BE(E R 0] B, — ELFTAT B(E AT I i e SR R ] ({2
Z: pkey Ml pvalue |3 21445310 PyOb ject * A, EANRF A4S A ERIEE, sl th T A NULL,
WAL EATR B AT FHESZ R A1 . ppos TEEMIHRIR WA M. & B RN R JLEE G v i) f
i, HHIMTEMWEMmEny, Kms A,

g

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

T p AN RZAE I P I A A A . AR T, R (R ), (BAURT RIS A K
AP . Bl

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;

(Rt
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(£ 50

t
Py_DECREF (o) ;
}

int PyDict_Merge (PyObject *a, PyObject *b, int override)
XFBRFIXIR b ATIEA, RSB E] P ao b AT AR — AT, BB SR pyMapping Keys ()
MpyObject_GetItem() HXtGe. AR override JyEAL, WHNRAE b 4R EIMIFERI BN a T EATAER
FHR SRR IR e, A5 WRSRAE a P AAH R B ) U2 R I B A0 . 24 ik o] 0 B 2451 %
SRR M -1,

int PyDict_Update (PyObject *a, PyObject *b)
X5 C ) pyDict_Merge(a, b, 1) —F:, 5T Python H ) a.update (b), 2= T
TryDict_Update () TEH " ASHBA "keys” JEPERA 2 MR FEACSEAEXT Y P51 24 1 IR
] 0 s 5 | A R E R m -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
K seq2 AR TEH A TF RN T I ao seq2 AU EA BN 2 1 VR BE DR ST R A PR ARR
MAFEESE RGNS, 2R override BN i 5 BER SENE Y o 24 BTN R 0] O B 25| K S5 B IR vl
-1. “HriY Python AT (RIEMERRAL) -

def PyDict_MergeFromSeq2 (a, seqg2, override):
for key, value in seq2:
if override or key not in a:
alkey] = wvalue

int PyDict_ClearFreelist ()

HREI . R I R 2% H 2.
3.3 BRI HE.

8.4.2 REWMR

X HEMNA T set Ml frozenset XFZ A APL. AFA] K AE N TH 51 H (1Y) BE i 42 i %
ST & W (B FEPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr (), PyObject_IsTrue (), PyObject_Print () V\JxPyObject_GetIter ()) BLHE
2 F N (B FEPyNumber And (), PyNumber_Subtract (), PyNumber_Or (), PyNumber Xor (),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr () [/‘/{
K PyNumber_ InPlaceXor ()) FiJjil.

PySetObject
EAPyobject B TZAG H R/FAF set Ml frozenset RN EEE. BT PyDictobject,
AT /N AR UL B R [ e RN (IR TCH R =), FF BT R R E &R UL E
REHe 1] Bk Y ]S KN AR (RSN RMIEAE T30 o AR B B R A H HLT R &
A TR TR 238 i O A SO APTORFEAT, TS AT il #R S5 (A i (.
PyTypeObject PySet_Type
XE—APyTypeobject 52, 3%/R Python set 2571,
PyTypeObject PyFrozenSet_Type
XB—APyTypeObject 52, /8 Python frozenset Z#,
AN A A A T AR AT R Python XfRAGHEET . FEMIML, X LU 3 R ACHLIE AT R A ALY Python
POE
int PySet_Check (PyObject *p)
R p 22— set XREH R H TR LB R [0 B AE .
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int PyFrozenSet_Check (PyObject *p)
MR p&—A frozenset XREFE & H 1IN SLH] R 5] B A

int PyAnySet_Check (PyObject *p)
WR p B set W4, frozenset XfHE & H IR LB MR 7] EAH .

int PyAnySet_CheckExact (PyObject *p)
TR p B set ¥R E frozenset ¥R IHAIEH IR 5261 3R [0 EAH .

int PyFrozenSet_CheckExact (PyObject *p)
MR p 22— frozenset XT%fHT%ﬁ?%EJE’J;&W 1035 1] FLA

PyObject* PySet_New (PyObject *iterable)
Return value: New reference. R [0 —ANH1) set, AL Er iterable BTk B N4 . iterable T PAH NULL
FRBIE— NS E G RS, KRIMEHRP] NULL, 405 iterable 52 Fr AN 2 AT R4
MEMG] % TypeError, ZMEAIEH T NER (c=set (s)).

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. iR [W—~HH) frozenset, HPEE iterable FriR XTI H . iterable W DAA
NULL FR QI — R SR SR G . IR RS E G, RO IR E] NULL. A12R iterable 525
EAZAERRXZMG & TypeError,

THNRECN 728 T set 8 frozenset [SEHIE & H 2B ARG SLH4i

Py_ssize_t PySet_Size (PyObject *anyset)
A set Bf frozenset MR KIE. ZMT len (anyset) . W anyset N2 set, frozenset B
H RSN 25| & PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
TR PySet _Size (), ANiFHRRN .
int PySet_Contains (PyObject *anyset, PyObject *key)
MR FR M 1, AERRIRFRM 0, WARIBERFHRMRE -1, AT Python __contains_ () Jf
W%, WRECR 2 B AR TS A R A A R IR R G S . MR key AT G A XL &5 &
TypeError., I anyset ~NJ& set, frozenset BH TR LFIN &5 & PyExc_SystemError,
int PySet_Add (PyObject *set, PyObject *key)
BN key F|—A~ set 5. AT frozenset SLf| (I FryTuple SetItem(), EWHIHE
RS A HE AT HABRID Z AT e AW ME) o iR E] 0, RIGHHRM] -1, 2 key A
AR R MG K TypeError. WRBAM KRN L5 % MemoryError MR set g set B
FHAFRAP LN 25| & SystemError,

THNRFCE N T set s T2RAA LB, (HAWT frozenset sH T-2RAAY LB,
int PySet_Discard (PyObject *set, PyObject *key)

WERARFPTFRRRRE] 1, WAL (JoffE) &2E o, BB RNLRE -1, XFAEEREARN
25|k KeyError, ﬁﬂ;ﬁ key ANH[EZS X RN &5 K TypeError A[EF Python discard () H¥E,
RS 2% H 3RS TG A B A IR I BT IR G5 S o IR set R Jg set iﬂ?%@ﬂﬂ’b&ﬁJWA
5| % PyExc_SystemError,

PyObject* PySet_Pop (PyObject *set)
Return value: New reference. iR || set AR ZXT LG, FEM set FREEZIT L. KKHHR[F] NULL,
WRE A AN 5% KeyError, QIR set Njg set B HFRMPYSLHIN 25| % SystemError,
int PySet_Clear (PyObject *set)

T 25 B 7 L B A BT

int PySet ClearFreelist ()

R 3. R I ORI A% H &L
33%%%&
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8.5 EHMR

8.5.1 FRINR

A — LR E T Python pRAIAY R AL .

PyFunctionObject
T B C S5H 1A

PyTypeObject PyFunction_Type
X E—APyTypeObject SLAII3R/R Python pR%ZEAL, BAEN types.FunctionType [1] Python
Jr AT

int PyFunction_Check (PyObject *0)
WK o S B R CRA N PyFunction Type) WEREIE(H. BZULIA N NULL,

PyObject* PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. 32 [0 S5CAEXT 4 code IR BB . globals Wil &—ANF ML, ZRER]
DA IF) 4 JRy A
AR R 2 HR R B SO P AP I 4 B . __module__ 2 M\ globals 2. 24X defaults, annotations
F closure %A NULL. __ qualname__ V% k5 BB FRAH R R

PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. J3{l)PyFunction_New (), B RVFEERENTAM _ _qualname_ J§
V. qualname [ 2452 unicode ¥4 8{ NULL; {82 NULL ] _ qualname_ J@E N5 _ name
JE AR R A
3.3 B HIhE.

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. 12 |8] 5 RN % op FEBRFIARID T4

PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. 12|75 BRENT 4 *op* A £ BRAY & R T

PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. iR [v] RN S op 1) __module__ Jg1%:, B H H— ML TR FRIV) S
e, {ERTPAGE TS Python AURS Ak [l HABAL B XS 42

PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. R [8] RN 42 op IS EERNE . X PAR—PSE0Tt4 B NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
FREO G op WESEUINA . defaults 758 Py_None 5{—A~JC4.
KM 5] % SystemError FHIRM -1 .

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 20| JBRF| BRET A op B . X A] PAE NULL 8 cell X404 .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
B BRI R % op B, closure WK Py_None 8{ cell %404 .

RIMG| % systemError EHHIRR -1 .

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 3|7 BT A op WIARTE . X ] PAE— 1] A8 2 iiiel NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BEEPREON S op IIFRTE . annotations W5 — A 415L Py_None.
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RIS % systemError RHIFRE -1 .

8.5.2 SLBIHERR
Bk Py Crunct ion AR, WRFFPyCrunction S8 HIFS R —FlB 0. BB T RIEH)

18 PyMethod_New (func, NULL, class).
PyTypeObject PyInstanceMethod_Type
XAPyTypeobject SLlfF Python SLBil 77 ¥AZE AL, EFF AR} Python FRfF A TF.
int PyInstanceMethod_Check (PyObject *0)
WA o @B TG BN Py TnstanceMethod Type) WIREEAg . JEZ WA A NULL,

PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. iR [0l —ASEi LB ERT S, fune NATRREPTVH XSS, func XS0 ¥%
B FH R R SRR
PyObject* PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. 32 7] Je BB SEB )7 ¥E im I RRET 4
PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. JZRASIK )Py InstanceMethod Function (), W& ARG .

8.5.3 HEMR

TR E BN S Tk R g BN B LR ROk (GhE8— DRy
) BT,
PyTypeObject PyMethod_Type

XAPyTypeobject SBIfLFE Python 3R, BAER types.MethodType [1] Python #2724 FF .
int PyMethod_Check (PyObject *0)

WK 0 RITEM R CRA N PyMethod_Type) WERIFIE(EH. BZULIAN NULL,
PyObject* PyMethod_New (PyObject *func, PyObject *self)

Relurn value: New reference. iR Bl — I YER S, func NoWEZE TGS, self iz kN4 EW

o AETTYEREIR I func XFAEN R EBTR o self WA NULL,

PyObject* PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. & 0] 55 2| J5¥E meth HIBREUN £ .
PyObject* PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. 7RI PyMet hod_Function (), B&ETEERGI.
PyObject* PyMethod_Sel€£ (PyObject *meth)
Return value: Borrowed reference. 3z [0] 5= 52| J5VE meth HISEH
PyObject* PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 72 PyMet hod_Self (), W& T 4SRN .
int PyMethod_ClearFreelist ()

HERF . IR ] PR 2% H 2
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8.5.4 Cell 35

“Cell” XMEHT LI ZAEMEG WA, ST MXFERER, 4 “Cell” XEN T FMHHZE M1
B 51 RAE R SRR AE 22 1) JRy A A B [R5 FH %8 S 6 S ERAE A “Cell” 5. DiT1%(E
BF, R “Cell” P& HIEITAS Z FICHERT A S . XAt “Cell” X5 pAE R BALHT 5] FH 752 SRR L
PIFRS s RIS H R R AR 2L N 2E . “Cell” XA A 7 AT BEAS KA H
PyCellObject
T Cell X}511 C g5tk
PyTypeObject PyCell_Type
5 Cell XIZAM AT £,
int PyCell_Check (ob)
MR ob 22— cell W RNLREEAL; ob ALK NULL,
PyObject* PyCell_New (PyObject *ob)
Return value: New reference. B33 H:1% [0l —/ ML (H ob HHT cell X4, TJEZ 0] PAN NULL.
PyObject* PyCell_Get (PyObject *cell)
Return value: New reference. 12 [0] cell %4 cell HNES .
PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. 12 [8] cell 5F4 cell IINZ, (HREAKM cell 75 1F NULL 1 H-H— cell
POE
int PyCell_Set (PyObject *cell, PyObject *value)
H cell X4 cell FINZSBEN value. EAFREBALINS cell XF4 24/ NS . value 7] PAH NULL. cell
WA AE NULL: WHREARZE—A cell XFGNPRHR A -1, A5 &S MR E 0.
void PyCell_SET (PyObject *cell, PyObject *value)
Hf cell Xf4 cell FUABEA value. ANVREG | HTEL, FH HALIATRN DAPRUEZE 42 5 cell o252 3E NULL
I HA—A> cell X542,

8.5.5 LN

HASXFR & CPython SCBIHRGLANTT o A MUE— B R0 B ek B b i T AT AU o
PyCodeObject
T RA DT G G2/ C G54 . LS B BEnT Bl Bl

PyTypeObject PyCode_Type
XsE—PyTypeObject S, HFIR Python [f) code LA,

int PyCode_Check (PyObject *co)
MR co &—> code XN [H] true,

int PyCode_GetNumFree (PyCodeObject *co)
&[] co Y H HAZ AL

PyCodeObject* PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, PyOb-
Ject *freevars, PyObject *cellvars, PyObject *filename, PyObject *name, int first-
lineno, PyObject *Inotab)
Return value: New reference. 3R [0]— ARG . ANSRARTE BE—A> FE FUACHE X 5 o ) it — > AR A,
Wi PyCode_NewEmpty () o WM PyCode_New () 40T PAZEE FIMER ) Python BUA, [HR54Y
T LA HA A
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PyCodeObject* PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,
int nlocals, int stacksize, int flags, PyObject *code, PyOb-
Ject *consts, PyObject *names, PyObject *varnames, Py-
Object *freevars, PyObject *cellvars, PyObject *filename,
PyObject *name, int firstlineno, PyObject *Inotab)
Return value: New reference. Z3{l)F PyCode_New (), {BH7H — 457 posonlyargcount” T fRAv &
ZH.
3.8 Hi e
PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

Return value: New reference. 12 [0 LA $8 & 44 . BB AR AT 5008 S AIEX 5. X exec () B
eval () AR GZAEER .

8.6 H{hR

8.6.1 3K

XU APT 2 %) P SCA X5 Python 2 C APT /ML, B AT C ARt R 22 /O (FILE*) ¥,
7€ Python 3w, SCEFFIGEAE BN 1o Bk, ZBAERAERRIMZRTLZ M VO 2 FE L TILDZ. F
TALITH IR 1 BR SR S 0 2858 APT [ f5E C s, FZH TARRERS 0 R AE el s s = s ek
M io API,
PyObject* PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,
const char *errors, const char *newline, int closefd)
Return value: New reference. 1R48T 1T IF 0 fd 1) U IR A1 8 — 4> Python LN % . S8 name,
encoding, errors 1 newline W] DA°A NULL FE/n i I BRANE; buffering W] PAK -1 FEoREHERINE . name &
?ﬁg%ﬁ%%ﬂﬂ?ﬁT%ﬁo RIGHRE] NULL. XS ERHIA, iHS05 10.open () REH
BEER

e b T Python Wi HA H ORGP Z, HILRFENTS OS U HMRFHE & &7 AR R (6
W AN ) -

TE 3.2 HUEH: Z W name JE1E.,

int PyObject_AsFileDescriptor (PyObject *p)
R4 p RERW SCAFHER AR R 1N int o Q2R AT G288, Wk AR . QR EA, WX 28
fileno () Jr¥E& (WERAEAE) 5 % B AUR I — AR, ZBEUE R ST A S MER B . R R I
TERIF R A -1,

PyObject* PyFile_GetLine (PyObject *p, int n)
Return value: New reference. %y p.readline ([n]) , X PEREMGE p PEEI—FT. p WA S0
MRHHEA readline () FFYERAEMDNS. Gk ng 0, WICRZATHY KB, #SER—17. W
Fon KT 0, MM EEBOREEE n A5 FTRAR BT —ER5r . FEXPAIEOLT, anssr B g
SRR, WEREIZSFAFE . H2, R n/NF o, WIS K E U ATER 22847, (H2ansfar i
BIIASCEAR R, W5|K EOFError,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
H# 1o.open_code () WIEEITH, FIHIESEE Frie A 3R 7 k4 1% .
AEPRR P B — 2870k PyObject * (*) (PyObject *path, void *userData) HIEKZEL, H
path Wi{f N PyUnicodeObject,

userData $55F 2 YUE N T RE T4 T BRECTRE A R A TR, %85 B 445 17 Python
RE.
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BTN LTS ABIRME AR, R AT T 3 ARE, BRIECAElT gk
MRS E BAE sys.modules F1A]H.

— B TRCE, AP, ZJEWPyFile SetOpenCodeHook () HITHHIHAFRIL,
MR AR C 20t , eRBCRRR ] -1 HF SR — R
PR BT AL A iAE Py Tnitialize () ZHTH .
G % —A~ #Hil$EF setopencodehook, RFHAEMZSEL.
3.8 Bl HfE.
int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
RIS obj GASNFXIR p o flags ME—SCFFRIFRG /& Py_PRINT_RAW; WREYE, WMHAXRE str ()
MAR repr () o BIHRIRIE O, KM RE] -1, FFECE T L1 F15h.
int PyFile_WriteString (const char *s, PyObject *p)
R s BASCRT SR po BRI 0 RIBGRIA] - 15 K55 ARV 1 78

8.6.2 HRITR

PyTypeObject PyModule_Type
This instance of PyTypeObject represents the Python module type. This is exposed to Python programs as
types.ModuleType.

int PyModule_Check (PyObject *p)
Return true if p is a module object, or a subtype of a module object.
int PyModule_CheckExact (PyObject *p)
Return true if p is a module object, but not a subtype of PyModule Type.
PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. Return a new module object with the __name___ attribute set to name. The module’s

__name__,__doc __package and _ loader___ attributes are filled in (all but __name___ are set
to None); the caller is responsible for providinga ___file_  attribute.

3.3 Hrge.

TE 3.4 MU _ package_ _and _ loader_  are set to None.

—) _

PyObject* PyModule_New (const char *name)
Return value: New reference. Similar to PyModule NewObject (), but the name is a UTF-8 encoded string
instead of a Unicode object.

PyObject* PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Return the dictionary object that implements module’s namespace; this object
is the same as the __dict___ attribute of the module object. If module is not a module object (or a subtype of a
module object), SystemError is raised and NULL is returned.

It is recommended extensions use other PyModule_* () and PyObject_* () functions rather than directly
manipulate a module’s __dict__.

PyObject* PyModule_GetNameObject (PyObject *module)
Return value: New reference. Return module’s __name___ value. If the module does not provide one, or if it is
not a string, SystemError is raised and NULL is returned.

3.3 B

const char* PyModule_GetName (PyObject *module)
Similar to PyModule_GetNameObject () but return the name encoded to 'ut£-8".
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void* PyModule_GetState (PyObject *module)
Return the “state” of the module, that is, a pointer to the block of memory allocated at module creation time, or
NULL. See PyModuleDef.m _size.

PyModuleDef* PyModule_GetDef (PyObject *module)
Return a pointer to the PyModuleDef struct from which the module was created, or NULL if the module wasn’t
created from a definition.

PyObject* PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. Return the name of the file from which module was loaded using module’s __file_
attribute. If this is not defined, or if it is not a unicode string, raise SystemError and return NULL; otherwise
return a reference to a Unicode object.

3.2 B RE.

const char* PyModule_GetFilename (PyObject *module)
Similar to PyModule_ GetFilenameObject () butreturn the filename encoded to 'utf-8’.

32 R Bk PyModule_GetFilename () raises UnicodeEncodeError on unencodable filenames,
use PyModule_ GetFilenameObject () instead.

Initializing C modules

Modules objects are usually created from extension modules (shared libraries which export an initialization function), or
compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()). See building
or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule_Create (), and return the re-
sulting module object, or request “multi-phase initialization” by returning the definition struct itself.

PyModuleDef
The module definition struct, which holds all information needed to create a module object. There is usually only
one statically initialized variable of this type for each module.

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_ HEAD_INIT.

const char *m_name
Name for the new module.

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.

Py_ssize_tm_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule_GetState (), rather than in static globals. This makes modules safe for use in multi-
ple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m__f ree function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m_size is required for multi-phase initialization.

See PEP 3121 for more details.

PyMethodDef* m_methods
A pointer to a table of module-level functions, described by PyMethodDef values. Can be NULL if no
functions are present.
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PyModuleDef_Slot* m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When using
single-phase initialization, m_slots must be NULL.

TE 3.5 R EEP: Prior to version 3.5, this member was always set to NULL, and was defined as:
inquiry m_reload

traverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed. This function
may be called before module state is allocated (PyModule_GetState () may return NULL), and before
the Py_mod_exec function is executed.

inquirym_clear
A clear function to call during GC clearing of the module object, or NULL if not needed. This function may
be called before module state is allocated (PyModule GetState () may return NULL), and before the
Py_mod_exec function is executed.

Jfreefunc m_£free
A function to call during deallocation of the module object, or NULL if not needed. This function may
be called before module state is allocated (PyModule GetState () may return NULL), and before the
Py_mod_exec function is executed.

Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as “single-phase
initialization”, and uses one of the following two module creation functions:

PyObject* PyModule_Create (PyModuleDef *def’)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_ CreateZ () with module_api_version set to PYTHON_API_VERSION.

PyObject* PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Create a new module object, given the definition in def, assuming the API version
module_api_version. If that version does not match the version of the running interpreter, a Runt imeWarning
is emitted.

{Ef#: Most uses of this function should be using PyModule_Create () instead; only use this if you are sure
you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using functions
like PyModule_ AddObject ().

Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way behave
more like Python modules: the initialization is split between the creation phase, when the module object is created, and
the execution phase, when it is populated. The distinction is similar to the __new__ () and __init__ () methods of
classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry is
removed and the module is re-imported, a new module object is created, and the old module is subject to normal garbage
collection -- as with Python modules. By default, multiple modules created from the same definition should be indepen-
dent: changes to one should not affect the others. This means that all state should be specific to the module object (using
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e.g. using PyModule_ GetState ()), or its contents (such as the module’s __dict__ or individual classes created
with PyType FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple mod-
ules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDef instance
with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the following
function:

PyObject* PyModuleDef_Init (PyModuleDef *def’)
Return value: Borrowed reference. Ensures a module definition is a properly initialized Python object that correctly
reports its type and reference count.

Returns def cast to PyObject*, or NULL if an error occurred.
3.5 Bl e
The m_slots member of the module definition must point to an array of PyModuleDef_Slot structures:

PyModuleDef_Slot

int slot
A slot ID, chosen from the available values explained below.

void* value
Value of the slot, whose meaning depends on the slot ID.

3.5 B fE.
The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create
Specifies a function that is called to create the module object itself. The value pointer of this slot must point to a
function of the signature:

PyObject* create_module (PyObject *spec, PyModuleDef *def’)

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should return
a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynami-
cally adjust to their place in the module hierarchy and be imported under different names through symlinks, all
while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_Type. Any type can be used, as
long as it supports setting and getting import-related attributes. However, only PyModule_Type instances may
be returned if the PyModuleDef has non-NULL m_traverse, m_clear, m_free; non-zero m_size; or
slots other than Py_mod_create.

Py_mod_exec
Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python module:
typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject* module)
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If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

See PEP 489 for more details on multi-phase initialization.

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used di-
rectly, for example when creating module objects dynamically. Note that both PyModule_FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. ~ Create a new module object, given the definition in module and the
ModuleSpec spec. This behaves like PyModule_ FromDefAndSpec?2 () with module_api_version set to
PYTHON_API_VERSION.

3.5 BRI HE.

PyObject * PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)
Return value: New reference. Create a new module object, given the definition in module and the ModuleSpec spec,
assuming the API version module_api_version. If that version does not match the version of the running interpreter,
a RuntimeWarning is emitted.

{H:ffE: Most uses of this function should be using PyModule FromDefAndSpec () instead; only use this if
you are sure you need it.

3.5 BRI HE.

int PyModule_ExecDef (PyObject *module, PyModuleDef *def )
Process any execution slots (Py_mod_exec) given in def.

3.5 B

int PyModule_SetDocString (PyObject *module, const char *docstring)
Set the docstring for module to docstring. This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 B

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Add the functions from the NULL terminated functions array to module. Refer to the PyMet hodDe f documen-
tation for details on individual entries (due to the lack of a shared module namespace, module level “functions”
implemented in C typically receive the module as their first parameter, making them similar to instance methods
on Python classes). This function is called automatically when creating a module from PyModuleDef, using
either PyModule_Create or PyModule_FromDefAndSpec.

3.5 B RE.
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Support functions

The module initialization function (if using single phase initialization) or a function called from a module execution slot
(if using multi-phase initialization), can use the following functions to help initialize the module state:

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Add an object to module as name. This is a convenience function which can be used from the module’s initialization
function. This steals a reference to value on success. Return —1 on error, O on success.

{Ef#:  Unlike other functions that steal references, PyModule_AddObject () only decrements the reference
count of value on success.

This means that its return value must be checked, and calling code must Py DECREF () value manually on error.
Example usage:

Py_INCREF (spam) ;

if (PyModule_AddObject (module, "spam", spam) < 0) {
Py_DECREF (module) ;
Py_DECREF (spam) ;
return NULL;

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Add an integer constant to module as name. This convenience function can be used from the module’s initialization
function. Return —1 on error, 0 on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Add a string constant to module as name. This convenience function can be used from the module’s initialization
function. The string value must be NULL-terminated. Return —1 on error, 0 on success.

int PyModule_AddIntMacro (PyObject *module, macro)
Add an int constant to module.  The name and the value are taken from macro.  For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF_INET with the value of
AF_INET to module. Return —1 on error, 0 on success.

int PyModule_AddStringMacro (PyObject *module, macro)
Add a string constant to module.

Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter. This
allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can be
created from a single definition.

PyObject* PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. Returns the module object that was created from def for the current
interpreter. This method requires that the module object has been attached to the interpreter state with
PyState_AddModule () beforehand. In case the corresponding module object is not found or has not been
attached to the interpreter state yet, it returns NULL.

int PyState_AddModule (PyObject *module, PyModuleDef *def)
Attaches the module object passed to the function to the interpreter state. This allows the module object to be
accessible via PyState_FindModule ().

Only effective on modules created using single-phase initialization.
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Python calls PyState_AddModule automatically after importing a module, so it is unnecessary (but harmless)
to call it from module initialization code. An explicit call is needed only if the module’s own init code subsequently
calls PyState_FindModule. The function is mainly intended for implementing alternative import mechanisms
(either by calling it directly, or by referring to its implementation for details of the required state updates).

Return 0 on success or -1 on failure.
3.3 Bl g

int PyState_RemoveModule (PyModuleDef *def)
Removes the module object created from def from the interpreter state. Return 0 on success or -1 on failure.

3.3 B e

8.6.3 X BIR

Python 424t T WA g x4 . SN EFIENE, B ) R Eif?ﬁﬂ .
S5 AN AT XS A — sentinel {8, A58 A AN TR A AT H% X5, HAER IEI sentmel EGDER
ﬁ

PyTypeObject PySeqIter Type
pySegTter New () RPIEAARRALBN RN EFI LB NERE iter O WPRSHILA

int PySeqIter_Check (op)
WM op R FLHPySeqliter Type Mk[H true.

PyObject* PySeqIter_New (PyObject *seq)
Return value: New reference. 3R [n]—A~ 5 & FLT 5 % 52— 6 (9325 A28 seqo 247 91T R BRAES| &
IndexError I}, EMRLK.

PyTypeObject PyCallIter_Type

Hig$Pycalliter New () fl iter () WEREIASEOLA R B ERIRRT RERI L
int PyCallIter_Check (0p)

WS op WA pycalllter Type MR [H true,

PyObject* PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. & |8|—A~ i B RS Eﬁé/\ﬁ%@[ callable 7] DA @ AT An] v DATEBEH S50 1
BN UE FH ) Python W] R FHXT S 5 BRR R FHAS M %R FLER IR — DI H o 24 callable 125158 sentinel
FIERT, HEARFL L.

8.6.4 HIRFFIR

PR RRAX R LB IR . BV T REX R A7,
PyTypeObject PyProperty_Type
NEHIAFT IR 42

PyObject* PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference.

PyObject* PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference.

PyObject* PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference.

PyObject* PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped )
Return value: New reference.
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PyObject* PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Return value: New reference.

int PyDescr_IsData (PyObject *descr)

TR IRFF XS deser i B mrE, WER A true; QHARFEIA ¥, WR M false, descr W& HAFFAT
% BRI .

PyObject* PyWrapper_New (PyObject *, PyObject *)
Return value: New reference.

8.6.5 YR X&R

PyTypeObject PySlice_Type

IR M REZERINTGE . B 5 Python JZTHIRY s1ice 2HIFIMIXIGE
int PySlice_Check (PyObject *ob)

WA ob jZ—> slice XTI T FEAH ; ob WA K NULL,

PyObject* PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. &[] —/>H A %45 E{HIIF slice X4 . start, stop F step &2 29 FAE slice X}
GAHN A PR RIERIE . X2 Ao —ANER AT AH NULL, FERX RSO0 TR None fE R &
PERIME . ANSRBTA GR TC R 4 T IR [9] NUTL.

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
Py_ssize_t *step)

M slice X542 slice $EH start, stop Fl step ZR5 |5, FHFHNK B length. KT length 1)) 7515 K9k 24 1
B R
BEEEHRE O, HAESEHRE] -1 3 HARE RE (RIEEATIS AR None HIGYER A #EL, 15
XA ES T 2R -1 H HE— R ).
PRATREAS T A5 FH S pR £
TE 3.2 WUE M 211 slice T2 A58 PySliceObject *,

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
Py_ssize_t *step, Py_ssize_t *slicelength)
PySlice_GetIndices () BV . M slice X5 slice 2B start, stop F step K55, K FFHKE
WA length, FA5-Y) K FEARAFAE slicelength v, B HYEHIMRE |5 2L 5@ V) 7 — 20w oy XidktT
54,

SR 0, AR R A -1 I HABE S

A R B T AR KNP IR 3R AR A . R E R N e PySlice _Unpack ()
MpPyslice AdjustIndices () IHE, Hp

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

}

SN

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error
}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

FE 3.2 R 2 Hi slice EZ IS BE PySliceObject *,
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IE 3.6.1 fUE P WS Py_LIMITED_API RiXE B E N 0x03050400 5 0x03060000 Z HiH
B (AEEFHH) 58 0x03060100 B B KN PySlice_GetIndicesEx () &3 h— A H A
PySlice_Unpack () fl PySlice_AdjustIndices () W% . S%K start, stop Fl step S ZHRE .

3.6.1 G ELL G W Py_LIMITED_API & N/NF 0x03050400 8F 0x03060000 5 003060100
Z I CORFEDS) W PySlice_GetIndicesEx () NEFFHMREL

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
MATR X5 R start, stop Fl step Zd s R ECK C 340 S F B T PY_SSTZE_T_MAX [W{HE/
SN PY_SSIZE_T_MAX, #HERHIKF/NT PY_SSIZE_T_MIN [ start Fl stop {H#4 K4 PY_SSIZE_T_MIN,
HEHBRHKS /N T ~PY_SSIZE_T_MAX 1] step (K /) ~PY_SSIZE_T_MAX.

AR [ -1, R [E] 0
3.6.1 I E.

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t = *start, Py_ssize_t  *stop,
Py_ssize_t step

)
1 start/end PIHRG SR 18 E B FIREIATIHE . BHEHRRT 52U 5 58U 5 —Ei I

HEATH
BB K. R R 2. A Python fUH.
3.6.1 Fr I fiE.

8.6.6 Ellipsis X5

PyObject *Py_Ellipsis
Python {) E11ipsis MR X GREA LML, B ASATAT AR G —FE 07 S0 5 | 4L
‘B Py_None —HRi2 BN 4.

8.6.7 MemoryView &

—/> memoryview XfR CHAMLZ K12 7 FFEHN— 0] PABALATHAD XS — #1211 Python X4 .
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. MARHE G2 X2 T HIXT R A7 memoryview XFR . U obj SCFF A5 Gt X
S, W memoryview XGRS AT AR B/ S, AT T AE2 H iR, WAlDAe g BT HRE B 5 .
PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)

Return value: New reference. {§i Jfl mem V£ H Ji§ |2 2% #f X 6] ## — > memoryview Xt % . flags 7] DA =2
PyBUF_READ u{# PyBUF_WRITE 2 —.

3.3 B fE.
PyObject *PyMemoryView_FromBuffer (Py_buffer *view)

Return value: New reference. GI|i— A5 25 7 G v X 4544 view FJ memoryview X5, X/ AR 715 25
WX, PyMemoryView_ FromMemory () & PEEREL.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. M & X 25 X2 L1 B 4 1] 2 — memoryview X} % contiguous WIEE: ({£°C
o ’Fortran order H' ), Q1R NAFETELERYT , W memoryview XF 4248 1] 5 Ik N AE . 75 W, &2 1 - H. memoryview
FEITHTY bytes X4 .

int PyMemoryView_Check (PyObject *obj)
WIS obj & memoryview X142, WRIE true . H HiA LA memoryview (T2,
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Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
iR 5] $ 5] memoryview [#)-F: H G2 i IXFLA B A F6 46T . mview #2552 —4> memoryview L5 X 72
A ERYSRAL, VROAAE OGRS, 75 R T A Tt KU o

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
iR [l memoryview Jf B T M & X f W 48 &, B3 W R memoryview & Hi iR
%f(PyMemoryVi ew_FromMemory () ﬁPyMemoryViewﬁFromBuffer () @J #0)3% [B] NULL, mview
WS —~ memoryview SEf .

8.6.8 §55| AR

Python 3§ “S551M" MFoA—I R, BMARYL, A E LG HRXTS. 5B Rl a5 it
G, SR RPRURT REHAE I — IR R AU

int PyWeakref_Check (ob)
W “ob” Je— G EE MBS, MERIE true.,

int PyWeakref_CheckRef (ob)
N “ob” B—A5IH, W[ true,

int PyWeakref_CheckProxy (ob)
MR “ob” E— RIS, WRME true.

PyObject* PyWeakref NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. iR [FIXT5 ob — 555 XIS . % pREE 2 2R B —ASHE T, (EAER
UEAN A4 A AT RER I —DMIA G XS . B ATES callback F— P ANS, B
STE ob HAE AR PN ERSGE A, BN R A RMIES, 55 XS A . callback 7] DA
A None B NULL. 414 ob AN@— 595 XS, 8 WA callback AN Z AT HX4:, None B NULL,
ZPRECRHR [ NULL I H5| & TypeError,

PyObject* PyWeakref_ NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. iR [MIX$ 5 ob f— 4555 | FIAABERS 52 2% s BCRs S Il — ANy 5 D, E
ARUERTE—AF S A R — B RN R . 55 B S callback j—A> 7T A%
R, BRAE ob fff IR BN HCE A BRI — MRS, RIS HRRA Y . callback
W PAA None BY NULL, IR ob R85 XS, 8035 R callback A2 X4, None 5§
NULL, ZBRECERE] NULL H HE| & TypeError,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. 12 [B]555 | %4 ref (55| NS . R 45| X2 ATAEAE, TR E

Py_None,

TR %R BRI | AR — A AR AT ** o TR B AR RAR G AR 0 1 30 ) X A %f
FATRERHES, MR ARIG AR RIS G ] Py_INCREF ()

PyObject* PyWeakref_GET_OBJECT (PyObject *ref)
Return value: Borrowed reference. 23{llPyWeakref _GetObject (), {HEEIH— P ARG E 2 .
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8.6.9 IR&+E
A RAR FX BERT R 5 2215 75 S ) using-capsules..
3.1 %ﬁﬂﬁiﬁ HB
PyCapsule
XAPyobject T RAMAEDIBIE, &N THEREBIE (FFh void* §55) jlid Python f{

it i 31 HoAth C AU C 9 AR “””ﬂﬁ%’)j‘zﬂﬂ Efémﬂ” — M E S C eR AR B AR AT
H TEAERIE AT AGE LS AL R A E S Bk p b b i LY C APL

PyCapsule_Destructor

ARSI — T gk o] — e s, s LA

typedef void (*PyCapsule_Destructor) (PyObject *);

Z W PyCapsule _New () FFHL PyCapsule_Destructor 32 [RI1{E )15 X o

int PyCapsule_CheckExact (PyObject *p)
MR SR —APyCapsule Nk [A True

PyObject* PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. f)|— A 5% T pointer [{jPyCapsule. pointer 27 0] DA K NULL.

TE R WA — > S8 3R [|] NULL,

FAFE name W PAJE NULL 8@ — M RIA N C FAFERITREr . WERAN NULL, T BLS2 43 ER 020 LL
capsule K (B AR ARVFLE destructor TRENE )

IR destructor ZHUA ) NULL, D242 9l 5 B RRE BT capsule VE IS HCRTHH -

AR capsule KEWEARTE A — MRS B, W name 244548 F N modulename.attributename.,
AR ARV HABIRAT F Py Capsule Import () AN capsule,

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)

PEUURAEAE capsule W) pointer, HER W5 & A5 1% 7] NULL,

name J&Z: W5 RAFAE capsule H A FREA TRG I LUEL o WIEERERAFAE capsule 4 F5h NULL, JIfE A
) name 0644 NULL, Python (i ] C i6%k st remp () & H capsule 24 5.

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
R RAFHA capsule H S HIHTA AR . TERMON B E — > I FiR [F] NULL.

HA NULL thifgs 2 5. X215 NULL & [MEA LI 3 W Pycapsule_Isvalid()
B{PyErr Occurred () FeiHEE X,

void* PyCapsule GetContext (PyObject *capsule)
AR [ PRAFALE capsule HHRY 4T SCo TR IBUR BB —> 57 I & 0] NULL,

capsule B NULL N CEEVER .. X5 NULL iR [MfS A el s i PyCapsule Isvalid()
B PyErr Occurred () FiHEE X,

const char* PyCapsule_GetName (PyObject *capsule)

R [ RAFAE capsule HH 4 BT FR . 7E I M BB — AR 8 H4& [F] NULL,

capsule B NULL ZFR2A1ER .. X&fif5 NULL R FIRSA 2y X W #iH PyCcapsule Isvalid()
B{PyErr_Occurred () FiHEE L.

void* PyCapsule_Import (const char *name, int no_block)
MR capsule J& 1T AR 1] C XTRINHEET . name TS 2448 @ J@ M E A FR, 5 module.
attribute HFII—F. {RAFAE capsule 1) name W/ 58 4 VEER AP . AR no_block N EAE, MIPA
ToMH FERL ALY (i [l Py Import_ImportModuleNoBlock ()). N no_block “MAR(E, WIPAE
G AR (il Py Import_ImportModule ()).
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JEENIR IR ] capsule (9 NER 364+, LERWN BCE — A 574 & 0] NULL,

int PyCapsule_IsValJ.d (PyObject *capsule, const char *name)
458 capsule 2T 2— AR . BEUY capsule o7 A K NULL, {&i#iPyCapsule_CheckExact (),
e H A i — AR NULL 1 45 # #H,ﬁ\ﬁ\]iﬁgﬂ 5 name % S M L. (iF S
lilpyCapsule_GetPointer () | fRANA[%T capsule ZFRIEAT LA A KAEE )

Pem)iGie, WiRPyCapsule Isvalid() RFIEAE, WAEfTXT5R#E (PA PyCapsule_Get () 3k
FAEATT R ) U8 AR ARAIE 25 B2

WX GA RO HILELAE AR FRNR B AR A . BRI 0. BEpRE—E AR

int PyCapsule_SetContext (PyObject *capsule, void *context)

Y- capsule WERIF_E N L3855 A context .
BRI 0 MR BRI BB —A 75

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)

¥t capsule WHPBINTHI %S R destructor ,
BRI 00 MR BIEHEBE I BB — A0 .

int PyCapsule_SetName (PyObject *capsule, const char *name)
Bt capsule PNFREIAFRBEN name., WK NULL, WA FRAGAFFE L0 L capsule B4 . 1A 2 i PRAT
Tr capsule H1f) name Ak NULL, WIARSZRBEE.

JREIIR ] 00 SRR [l R A I BB — A

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

K capsule WIFH) ZSF85HCA pointer . F85T AR A NULL,
SRR 0 S e hsf il [m] R ZAR B A R

8.6.10 A mBEXR
A gk 5202 Python ISR SEBUAL s A (AR ORI R . BT TE A AR B EOR A, A2 X

iﬁl}ﬁPyGeniNew () E?(PyGeniNewWi thQualName () .

PyGenObject
T HE ARG C S5t A
PyTypeObject PyGen_Type
SN R e U E SUINATIE SO
int PyGen_Check (PyObject *ob)
R ob J2— AR RN B EAE s ob UK NULL.

int PyGen_CheckExact (PyObject *ob)
WK ob KB Py Gen_Type WA FE; ob AR N NULL,

PyObject* PyGen_New (PyFrameObject *frame)
Return value: New reference. 57T frame %} 5B HH I [l — N H B A2 BEAR X4 o ML RRER X BUE—ANX) frame
W51 . SR A A NULL,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. 1T frame X} % ) Iz Ml — AR g %4, H A _ name_ Al

__qualname__ N name 1 qualname. IR EBGE — DX frame (5| 1. frame ZELLTA Ry
NULL,
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8.6.11 {hiZ¥sR

3.5 Bl Hhae
IR RIZ I async SBE P B R £l a1 Y .
PyCoroObject
TN G C S5H 1A
PyTypeObject PyCoro_Type
SRR AR 42
int PyCoro_CheckExact (PyObject *ob)
W ob WAL ZPyCoro_Type NEREIE{H; ob WA NULL.

PyObject* PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. ¥:T frame Xf % Q) @ I 1% Bl — A F g P FEXT 4, HAf __name_ Al

__qualname__ &K name Fl qualname. It pR 5023 WA — X frame W51 H o frame ZEL0 RN
NULL,

8.6.12 F T TEMR

TEff: 75 3.7.1 BOEW: 7 Python 3.7.1 1, Ay TR 3 E C AP 2S48 WBCA R Pyobject fREFTIA

B PyContext, PyContextVar PA K PyContextToken, fiHl:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

NS £ 7 issue: * 34762,

3.7 B ag
FTRANG T contextvars fE R H C AP,

PyContext
F T3/~ contextvars.Context X4 C Z5HA,

PyContextVar
T3R8 contextvars.ContextVar XfRAY C MK,

PyContextToken
TR contextvars. Token XJRA) C Z5HK,

PyTypeObject PyContext_Type
PR context BRI RAINT G

PyTypeObject PyContextVar_Type
7R context variable ZEBI KA &

PyTypeObject PyContextToken_Type
278 context variable token JST ISR 42

KA 2

int PyContext_CheckExact (PyOb