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CHAPTER 3
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3.1 v1.13.2

o EFTAA, PO Linux wheels [ff47 7 Libfi BIFPAINACA, ZBARAERIR, AHE (ssue #432).

3.2 vl1.13.1
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o 18X RuntimeError: found a situation in which we try to build a type recursively (issue
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3.3 v1.13
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o SCRPMORE ORI RZ R 2 ikl (PR #96)
o URAETALBEEAT R G515, I 2 5 Hh py i S 1A

o fif] ££fi.cdef("""struct X { void(*fnptr) (struct X); };""") F—/MRIRIELL, 2N S5
C 15 H AT T

3.4 v1.12.3

o BPA var R/NIHESRIHRELTHIARAL (4 405),
o WSHIMTE ££i.cdef O HEHUF BRREMM U A L A7A9SCF (B4 Guillaume)
o WX 38 1B,

3.5 v1.12.2

o WS TIGIHER TR AFE CPython 3.8.0a2 EdEfT4i%

3.6 v1.12.1

« Windows ) CPython 3: F4{ IR BIAK L] Py_LINITED_APT HEFT4IF, POAREEAEHE 15 AT
Yl virtualenv —2A . AT CPython <= 3.4 ORI, I FL FHAFA, Hi1EH%
H4E Python HIRTAR B 2R AT

MR ZH— A, A 350 BT — APy, AR AR S Py_LIMITED_APT FRik,
H HER XKL virtualenv, 33 B E B BLIR & 7E CPython <= 34 L
define_macros=[("Py_LIMITED_API", None)] f£i#%; ffibuilder.set_source() {#.

3.7 v1.12

o HIEYFF pke-config.

o ffi.from buffer() $Z —MFIMIEMNH S, RSHAHEAPRMMAIER, BRI
PR KT SR require_writable R4 Python ZinhIX.

o ffi.new(), ffi.gc() B £fi.from_buffer () ITEv] PAEI A with EF @S HN ££1.
release() fFE N AR cdata %74,

o Windows, CPython 3.x: cffi #itFK 5 python3.d11 #%#:. XS EN]S CPython UARTE X, ¥
BATEHARF5 . ‘BHR% virtualenv 16.0.0.

o IR p AHEY— cdata int [4], W24 £fi.new("int[4]", p) XFEHIFRILA.
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o CPython 2.x: £fi.dlopen() £ Posix i3l ascii 30444 M
o CPython: JIR—ALAEM C FHENAJFIZAT Python fUrS (G IMHAEGR A MR ITS), A2 AR

AR offl RRALE AT RERY AR TR /SN . A X EREIBRE (B 1 #362).

o 4% ffi.cdef (..., pack=N), H N 2 2 Y& . ¥ MSVC Al #pragma pack(N) [k, LAab,

Windows | EBRAMEILTE N pack=8, #HG7E MSVC [, X BES M A TEIG =4 2, RERK
7E CFFI W FAEEBIX— A, I[HhE £ffi.cdef (..., packed=True) {#fFAZE, fH24T pack=1
(Fetnid, 1% int XAERTFENZXFFE] 1 AR 4 F19).

3.8 |HRA

T AR IHRRAS SCRSI S8 J 2 A TR VR, T ila 3, i Bl s s A A TR

3.8.1 v1.11.5

Issue #357: fix ffi.emit_python_code() which generated a buggy Python file if you are using a

struct with an anonymous union field or vice-versa.
Windows: ffi.dlopen() should now handle unicode filenames.

ABI mode: implemented ££i.d1lclose() for the in-line case (it used to be present only in the out-of-line

case).

Fixed a corner case for setup.py install --record=xx --root=yy with an out-of-line ABI module.
Also fixed Issue #345.

More hacks on Windows for running CFFI’s own setup.py.

Issue #358: in embedding, to protect against (the rare case of) Python initialization from several
threads in parallel, we have to use a spin-lock. On CPython 3 it is worse because it might spin-lock for
a long time (execution of Py_InitializeEx()). Sadly, recent changes to CPython make that solution

needed on CPython 2 too.

CPython 3 on Windows: we no longer compile with Py_LIMITED_API by default because such mod-
ules cannot be used with virtualenv. [1]/8 #350 mentions a workaround if you still want that and
are not concerned about virtualenv: pass a define_macros=[("Py_LIMITED_API", None)] to the

ffibuilder.set_source() call.

3.8.2 vl.11.4

o Windows: reverted linking with python3.d11, because virtualenv does not make this DLL available

to virtual environments for now. See Issue #355. On Windows only, the C extension modules created
by ctfi follow for now the standard naming scheme foo.cp36-win32.pyd, to make it clear that they
are regular CPython modules depending on python36.d11.

3.8.
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3.8.3 v1.11.3

e Fix on CPython 3.x: reading the attributes __loader__ or __spec__ from the cffi-generated lib mod-

ules gave a buggy SystemError. (These attributes are always None, and provided only to help com-

patibility with tools that expect them in all modules.)

More Windows fixes: workaround for MSVC not supporting large literal strings in C code (from ffi.
embedding_init_code(large_string)); and an issue with Py_LIMITED_API linking with python35.
d11/python36.d11 instead of python3.d11.

e Small documentation improvements.

3.8.4 v1.11.2

e Fix Windows issue with managing the thread-state on CPython 3.0 to 3.5

3.8.5 vl.11.1

o Fix tests, remove deprecated C API usage
o Fix (hack) for 3.6.0/3.6.1/3.6.2 giving incompatible binary extensions (cpython issue #29943)

e Fix for 3.7.0al+

3.8.6 vl1.11

e Support the modern standard types char16_t and char32_t. These work like wchar_t: they represent

one unicode character, or when used as charN_t * or charN_t [] they represent a unicode string. The
difference with wchar_t is that they have a known, fixed size. They should work at all places that used
to work with wchar_t (please report an issue if I missed something). Note that with set_source(),
you need to make sure that these types are actually defined by the C source you provide (if used in
cdef ()).

Support the C99 types float _Complex and double _Complex. Note that libfli doesn’t support them,
which means that in the ABI mode you still cannot call C functions that take complex numbers directly

as arguments or return type.

Fixed a rare race condition when creating multiple FFI instances from multiple threads. (Note that
you aren’t meant to create many FFI instances: in inline mode, you should write £fi = cffi.FFI()
at module level just after import cffi; and in out-of-line mode you don’t instantiate FFI explicitly at
all.)

Windows: using callbacks can be messy because the CFFI internal error messages show up to stderr—
but stderr goes nowhere in many applications. This makes it particularly hard to get started with the

embedding mode. (Once you get started, you can at least use @ffi.def_extern(onerror=...) and

10
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send the error logs where it makes sense for your application, or record them in log files, and so on.)
So what is new in CFFI is that now, on Windows CFFI will try to open a non-modal MessageBox (in
addition to sending raw messages to stderr). The MessageBox is only visible if the process stays alive:
typically, console applications that crash close immediately, but that is also the situation where stderr

should be visible anyway.
Progress on support for callbacks in NetBSD.
Functions returning booleans would in some case still return 0 or 1 instead of False or True. Fixed.

ffi.gc() now takes an optional third parameter, which gives an estimate of the size (in bytes) of the
object. So far, this is only used by PyPy, to make the next GC occur more quickly (issue #320). In
the future, this might have an effect on CPython too (provided the CPython issue 31105 is addressed).

Add a note to the documentation: the ABI mode gives function objects that are slower to call than

the API mode does. For some reason it is often thought to be faster. It is not!

3.8.7 v1.10.1

(only released inside PyPy 5.8.0)

e Fixed the line numbers reported in case of cdef () errors. Also, I just noticed, but pycparser always

supported the preprocessor directive # 42 "foo.h" to mean ”from the next line, we’re in file foo.h

starting from line 42”, which it puts in the error messages.

3.8.8 v1.10

Issue #295: use calloc() directly instead of PyObject_ Malloc()+memset() to handle fli.new() with a
default allocator. Speeds up £fi.new(large-array) where most of the time you never touch most of

the array.
Some OS/X build fixes ("only with Xcode but without CLT”).

Improve a couple of error messages: when getting mismatched versions of cffi and its backend; and
when calling functions which cannot be called with libfli because an argument is a struct that is "too

complicated” (and not a struct pointer, which always works).
Add support for some unusual compilers (non-msve, non-gec, non-icc, non-clang)

Implemented the remaining cases for £fi.from_buffer. Now all buffer/memoryview objects can be
passed. The one remaining check is against passing unicode strings in Python 2. (They support the
buffer interface, but that gives the raw bytes behind the UTF16/UCS4 storage, which is most of the
times not what you expect. In Python 3 this has been fixed and the unicode strings don’t support the

memoryview interface any more.)

The C type _Bool or bool now converts to a Python boolean when reading, instead of the content of

the byte as an integer. The potential incompatibility here is what occurs if the byte contains a value

3.8.
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different from 0 and 1. Previously, it would just return it; with this change, CFFI raises an exception
in this case. But this case means "undefined behavior” in C; if you really have to interface with a
library relying on this, don’t use bool in the CFFI side. Also, it is still valid to use a byte string as
initializer for a bool[], but now it must only contain \x00 or \x01. As an aside, ffi.string() no

longer works on bool[] (but it never made much sense, as this function stops at the first zero).

ffi.buffer is now the name of cffi’s buffer type, and ffi.buffer() works like before but is the

constructor of that type.

ffi.addressof (1ib, "name") now works also in in-line mode, not only in out-of-line mode. This is

useful for taking the address of global variables.

Issue #255: cdata objects of a primitive type (integers, floats, char) are now compared and ordered
by value. For example, <cdata 'int' 42> compares equal to 42 and <cdata 'char' b'A'> compares
equal to b'A'. Unlike C, <cdata 'int' -1> does not compare equal to £fi.cast("unsigned int",

-1): it compares smaller, because -1 < 4294967295.

PyPy: ffi.new() and ffi.new_allocator() () did not record "memory pressure”, causing the GC

to run too infrequently if you call £fi.new() very often and/or with large arrays. Fixed in PyPy 5.7.

Support in £fi.cdef () for numeric expressions with + or -. Assumes that there is no overflow; it

should be fixed first before we add more general support for arbitrary arithmetic on constants.

3.8.9 v1.9

e Structs with variable-sized arrays as their last field: now we track the length of the array after £fi.

new() is called, just like we always tracked the length of ffi.new("int[]", 42). This lets us detect
out-of-range accesses to array items. This also lets us display a better repr (), and have the total size
returned by ffi.sizeof () and ffi.buffer(). Previously both functions would return a result based
on the size of the declared structure type, with an assumed empty array. (Thanks andrew for starting

this refactoring.)

Add support in cdef()/set_source() for unspecified-length arrays in typedefs: typedef int

foo_t[...];. It was already supported for global variables or structure fields.

I turned in v1.8 a warning from cffi/model.py into an error: 'enum xxx' has no
values explicitly defined: refusing to guess which integer type it is meant to be
(unsigned/signed, int/long). Now I'm turning it back to a warning again; it seems that guessing

that the enum has size int is a 99%-safe bet. (But not 100%, so it stays as a warning.)

Fix leaks in the code handling FILE * arguments. In CPython 3 there is a remaining issue that is
hard to fix: if you pass a Python file object to a FILE * argument, then os.dup() is used and the new
file descriptor is only closed when the GC reclaims the Python file object—and not at the earlier time
when you call close(), which only closes the original file descriptor. If this is an issue, you should
avoid this automatic convertion of Python file objects: instead, explicitly manipulate file descriptors
and call fdopen() from C (...via cffi).

12
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3.8.10 v1.8.3

e When passing a void * argument to a function with a different pointer type, or vice-versa, the cast
occurs automatically, like in C. The same occurs for initialization with £fi.new() and a few other
places. However, I thought that char * had the same property—but I was mistaken. In C you get
the usual warning if you try to give a char * to a char ** argument, for example. Sorry about the
confusion. This has been fixed in CFFI by giving for now a warning, too. It will turn into an error in

a future version.

3.8.11 v1.8.2

o Issue #283: fixed ffi.new() on structures/unions with nested anonymous structures/unions, when
there is at least one union in the mix. When initialized with a list or a dict, it should now behave more
closely like the { } syntax does in GCC.

3.8.12 v1.8.1

e CPython 3.x: experimental: the generated C extension modules now use the "limited API”, which
means that, as a compiled .so/.dll, it should work directly on any version of CPython >= 3.2. The
name produced by distutils is still version-specific. To get the version-independent name, you can

rename it manually to NAME.abi3.so, or use the very recent setuptools 26.

e Added ffi.compile(debug=...), similar to python setup.py build --debug but defaulting to True

if we are running a debugging version of Python itself.

3.8.13 v1.8

o Removed the restriction that £fi.from_buffer() cannot be used on byte strings. Now you can get a
char * out of a byte string, which is valid as long as the string object is kept alive. (But don’t use it

to modify the string object! If you need this, use bytearray or other official techniques.)

o PyPy 5.4 can now pass a byte string directly to a char * argument (in older versions, a copy would

be made). This used to be a CPython-only optimization.

3.8.14 v1.7

e ffi.gc(p, None) removes the destructor on an object previously created by another call to ££i.gc()

e bool(ffi.cast("primitive type", x)) now returns False if the value is zero (including -0.0), and
True otherwise. Previously this would only return False for cdata objects of a pointer type when the
pointer is NULL.

3.8. [HE= 13
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o bytearrays: ffi.from_buffer(bytearray-object) is now supported. (The reason it was not sup-
ported was that it was hard to do in PyPy, but it works since PyPy 5.3.) To call a C function
with a char * argument from a buffer object—mnow including bytearrays—you write 1ib.foo(ffi.
from_buffer(x)). Additionally, this is now supported: p[0:length] = bytearray-object. The
problem with this was that a iterating over bytearrays gives numbers instead of characters. (Now it is

implemented with just a memcpy, of course, not actually iterating over the characters.)

e C++: compiling the generated C code with C++ was supposed to work, but failed if you make use
the bool type (because that is rendered as the C _Bool type, which doesn’t exist in C++).

e help(lib) and help(lib.myfunc) now give useful information, as well as dir(p) where p is a struct

or pointer-to-struct.

3.8.15 v1.6

o fli.list_types()
o fH.unpack()
e extern "Python+C”

e in API mode, 1ib.foo.__doc__ contains the C signature now. On CPython you can say help(1lib.
foo), but for some reason help(lib) (or help(lib.foo) on PyPy) is still useless; I haven’t yet
figured out the hacks needed to convince pydoc to show more. (You can use dir(1ib) but it is not

most helpful.)

e Yet another attempt at robustness of £fi.def_extern() against CPython’s interpreter shutdown logic.

3.8.16 v1.5.2

e Fix 1.5.1 for Python 2.6.

3.8.17 v1.5.1

o A few installation-time tweaks (thanks Stefano!)

o Issue #245: Win32:

_stdcall was never generated for extern "Python" functions

o Issue #246: trying to be more robust against CPython’s fragile interpreter shutdown logic

3.8.18 v1.5.0

e Support for using CFFI for embedding.

14 Chapter 3. HHAHEH
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3.8.19 v1.4.2

Nothing changed from v1.4.1.

3.8.20 v1.4.1

o Fix the compilation failure of cffi on CPython 3.5.0. (3.5.1 works; some detail changed that makes
some underscore-starting macros disappear from view of extension modules, and I worked around it,

thinking it changed in all 3.5 versions—but no: it was only in 3.5.1.)

3.8.21 v1.4.0

e A better way to do callbacks has been added (faster and more portable, and usually cleaner). It is a
mechanism for the out-of-line API mode that replaces the dynamic creation of callback objects (i.e.
C functions that invoke Python) with the static declaration in cdef () of which callbacks are needed.
This is more C-like, in that you have to structure your code around the idea that you get a fixed

number of function pointers, instead of creating them on-the-fly.

e ffi.compile() now takes an optional verbose argument. When True, distutils prints the calls to the

compiler.
e ffi.compile() used to fail if given sources with a path that includes "..". Fixed.
e ffi.init_once() added. See docs.
e dir(1ib) now works on libs returned by ffi.dlopen() too.
o Cleaned up and modernized the content of the demo subdirectory in the sources (thanks matti!).

e ffi.new_handle() is now guaranteed to return unique void * values, even if called twice on the same
object. Previously, in that case, CPython would return two cdata objects with the same void *
value. This change is useful to add and remove handles from a global dict (or set) without worrying
about duplicates. It already used to work like that on PyPy. This change can break code that used to
work on CPython by relying on the object to be kept alive by other means than keeping the result of
ffi.new_handle() alive. (The corresponding warning in the docs of £fi.new_handle() has been here

since v0.8!)

3.8.22 v1.3.1

o The optional typedefs (bool, FILE and all Windows types) were not always available from out-of-line
FFI objects.

o Opaque enums are phased out from the cdefs: they now give a warning, instead of (possibly wrongly)

being assumed equal to unsigned int. Please report if you get a reasonable use case for them.

3.8. [HE= 15
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e Some parsing details, notably volatile is passed along like const and restrict. Also, older versions

of pycparser mis-parse some pointer-to-pointer types like char * const *: the ”const” ends up at the

wrong place. Added a workaround.

3.8.23 v1.3.0

Added ffi.memmove().

Pull request #64: out-of-line API mode: we can now declare floating-point types with typedef float.

. foo_t;. This only works if foo_t is a float or a double, not long double.

Issue #217: fix possible unaligned pointer manipulation, which crashes on some architectures (64-bit,

non-x86).

Issues #64 and #126: when using set_source() or verify(), the const and restrict keywords are
copied from the cdef to the generated C code; this fixes warnings by the C compiler. It also fixes corner
cases like typedef const int T; T a; which would previously not consider a as a constant. (The

cdata objects themselves are never const.)

Win32: support for __stdcall. For callbacks and function pointers; regular C functions still don’t

need to have their calling convention declared.

Windows: CPython 2.7 distutils doesn’t work with Microsoft’s official Visual Studio for Python, and
I'm told this is not a bug. For ffi.compile(), we removed a workaround that was inside cffi but which

had unwanted side-effects. Try saying import setuptools first, which patches distutils...

3.8.24 v1.2.1

Nothing changed from v1.2.0.

3.8.25 v1.2.0

e Out-of-line mode: int a[][...]; can be used to declare a structure field or global variable which is,

simultaneously, of total length unknown to the C compiler (the a[] part) and each element is itself an
array of N integers, where the value of N 4s known to the C compiler (the int and [...] parts around
it). Similarly, int a[5][...]; is supported (but probably less useful: remember that in C it means
int (a8 [...1;).

PyPy: the lib.some_function objects were missing the attributes __name__, __module__ and

__doc__ that are expected e.g. by some decorators-management functions from functools.

e Out-of-line API mode: you can now do from _example.lib import x to import the name x from

_example.lib, even though the 1ib object is not a standard module object. (Also works in from

_example.lib import *, but this is even more of a hack and will fail if 1ib happens to declare a

16
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name called __all__. Note that * excludes the global variables; only the functions and constants

make sense to import like this.)

lib.__dict__ works again and gives you a copy of the dict—assuming that 1ib has got no symbol

called precisely __dict__. (In general, it is safer to use dir(1ib).)

Out-of-line API mode: global variables are now fetched on demand at every access. It fixes issue #212
(Windows DLL variables), and also allows variables that are defined as dynamic macros (like errno)
or __thread -local variables. (This change might also tighten the C compiler’s check on the variables’

type.)

Issue #209: dereferencing NULL pointers now raises RuntimeError instead of segfaulting. Meant as
a debugging aid. The check is only for NULL: if you dereference random or dead pointers you might
still get segfaults.

Issue #152: callbacks: added an argument ffi.callback(..., onerror=...). If the main call-
back function raises an exception and onerror is provided, then onerror(exception, exc_value,
traceback) is called. This is similar to writing a try: except: in the main callback function, but
in some cases (e.g. a signal) an exception can occur at the very start of the callback function—before

it had time to enter the try: except: block.

Issue #115: added £fi.new_allocator (), which officializes support for alternative allocators.

3.8.26 v1.1.2

o ffi.gc(): fixed a race condition in multithreaded programs introduced in 1.1.1

3.8.27 vl1.1.1

e Out-of-line mode: ffi.string(), ffi.buffer() and ffi.getwinerror() didn’t accept their argu-

ments as keyword arguments, unlike their in-line mode equivalent. (It worked in PyPy.)

e Out-of-line ABI mode: documented a restriction of £fi.dlopen() when compared to the in-line mode.

o ffi.gc(): when called several times with equal pointers, it was accidentally registering only the last

destructor, or even none at all depending on details. (It was correctly registering all of them only in
PyPy, and only with the out-of-line FFIs.)

3.8.28 v1.1.0

Out-of-line API mode: we can now declare integer types with typedef int... foo_t;. The exact

size and signedness of foo_t is figured out by the compiler.

Out-of-line API mode: we can now declare multidimensional arrays (as fields or as globals) with int

n[...]1[...]. Before, only the outermost dimension would support the ... syntax.

3.8.
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¢ Out-of-line ABI mode: we now support any constant declaration, instead of only integers whose value
is given in the cdef. Such "new” constants, i.e. either non-integers or without a value given in the cdef,
must correspond to actual symbols in the lib. At runtime they are looked up the first time we access

them. This is useful if the library defines extern const sometype somename;.

e ffi.addressof(1lib, "func_name") now returns a regular cdata object of type "pointer to function”.
You can use it on any function from a library in API mode (in ABI mode, all functions are already

regular cdata objects). To support this, you need to recompile your cffi modules.

o Issue #198: in API mode, if you declare constants of a struct type, what you saw from lib. CONSTANT

was corrupted.

o Issue #196: ffi.set_source("package._ffi", None) would incorrectly generate the Python source
to package._ffi.py instead of package/_ffi.py. Also fixed: in some cases, if the C file was in
build/foo.c, the .o file would be put in build/build/foo.o.

3.8.29 v1.0.3

e Same as 1.0.2, apart from doc and test fixes on some platforms.

3.8.30 v1.0.2

» »

o Variadic C functions (ending in a "...” argument) were not supported in the out-of-line ABI mode. This

was a bug—there was even a (non-working) example doing exactly that!

3.8.31 v1.0.1

e ffi.set_source() crashed if passed a sources=[..] argument. Fixed by chrippa on pull request

#60.

o Issue #193: if we use a struct between the first cdef() where it is declared and another cdef() where

its fields are defined, then this definition was ignored.

” N

e Enums were buggy if you used too many ”...” in their definition.

3.8.32 v1.0.0

e The main news item is out-of-line module generation:
— for ABI level, with £fi.dlopen()
— for API level, which used to be with ffi.verify(), now deprecated

o (this page will list what is new from all versions from 1.0.0 forward.)
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CHAPTER 4

CPython PREZH (cffi ffi PyPy —&%A):

o pip install cffi

o it Python Package Index FREUEARAG .
GiE A4 RTE

BEACH2AE Linux EIFEM, HRZE LA POSIX -G PAL Windows 32 fiAl 64 fii. (EH/RSHU;S
T libfH, FroAXHRT bl A3 bug; fE— SR ARG E, ROUATREFFARQILE. )

CFFT %45 CPython 2.6, 2.7, 3.x (I 3.2 5| 3.4 #7iR): CFFI 35 PyPy &% (CFFI 1.0 2355
PyPy 2.6 —i%1f).

CFFI LT ctypes, WUERME 1.0 ZJSHITIAE, NRWRE I B ER, s 00, BRARMRA ML
E TR SRR CFFT 2 04513 Python &g CPython M, (HIFJEAGH. £ PyPy
B, BT OIIT i, X MERASAMEAENAN . X6 CFFL B0 PyPy 5 C B Ry T3

K

o CPython 2.6 1§ 2.7 & 3.x, ©{ PyPy (PyPy 2.0 2#2{it%4 CFFI &R WA, B PyPy 2.6 it CFFI
1.0).

TEHLEOLT , T EAEWSH I C 1 F Y R, 7E9F Windows -5 L, — 55 %% python-dev
. THSRE N TSR BRGSO

o 7E CPython, JF Windows ‘F-& &, HRAFHFE L% 1ibffi-dev 4 g4k CFFI A &,

e pycparser >= 2.06: https://github.com/eliben/pycparser ( pip install cffi HZIRED).
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CFFI {57 py.test Azt

TNEE

R

4.1

https://pypi.python.org/pypi/cffi
2L "source” 4 version 1.13.2:

— MD5: 652203cf99faa254efff7fab23c2f3a2

— SHA: ad94¢1b64570ec3016a945d4b226d527de81{9b9

— SHA256: 599a1e8ff057ac530c9ad1778293c665cb81a791421f46922d80a86473¢13346
B M Bitbucket page T RIS FTA: hg clone https://bitbucket.org/cffi/cffi

python setup.py install &f python setup_base.py install (¥£ Linux mf{ Windows [ NiZJF48
BTH; &M MacOS X 8 Windows 6/.)

BATIAR: py.test c/ testing/ (WRRIAKA %% cfi, HIIR7FF%E python setup_base.py
build_ext -f -i)

demo HFHEEHZH cffi F/NFIRBLER

T SO AT RELEAN T ER MR s H RS B T RAR S %, Rl testing/cffil /test verifyl.py
F testing/cffi0 /backend__tests.py.

HETFariREA

libffi P23 fI H AEH IR EL - AR T CPython f 5 H O 1) RIS DA A A MR 441 . CFFI X} Windows
2L, (X HARF-5 WBA (2G0T E 2B T libfli). & pkg-config 247 Linux Ff
FERVH . AR (APRMILRY) HAb S —Le il .

4.1.1 MacOS X

Homebrew (JE&iff David Griffin)

1)
2)

%% homebrew: http://brew.sh

LSBT F e

brew install pkg-config libffi
PKG_CONFIG_PATH=/usr/local/opt/libffi/lib/pkgconfig pip install cffi

w[i%, on OS/X 10.6 (& Juraj Sukop)

TRE b, GETAGE BNk Ae, (H2 )5, 1E setup.py HRTEEMUAL:

20
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include_dirs = []

N

include_dirs = ['/usr/local/lib/libffi-3.0.11/include']

SR JG154T python setup.py build #fzH “fatal error: error writing to -: Broken pipe”, B] DAl T— N3k
B

ARCHFLAGS="-arch 1386 -arch x86_64" python setup.py build

bk pridk.

4.1.2 Windows (‘E#l 32-bit)

Win32 TAEH 2 DFEREA TE L RA tp #- AT I

5 Python 2.7 AR C JiFds 2iX 4 http://www.microsoft.com/en-us/download /details.aspx?id=
44266 Python 2.7 FFEFE distutils B E IR, Q09 FFiR hitps://bugs.python.org/issue23246, 24{fiEzB4T
compile() Ml X MFE ImiFAR S0 T EOR AR —A dlL B, [FFER) ) @& A . import setuptools ]
REAHE), (Hi2 YMMV

& AT Python 3.4 N FEARAR: https://www.visualstudio.com/en-us/downloads/visual-studio-2015-ctp-vs

4.1.3 Windows 64

Win64 $:3 7AEH AR, FAVFE offi 0.7 WP TSR REE . F i PFe thid T Windows 64
H) Python 2.7, 545455 a] HoAth 17 £,

TR, R RTAE 64 (i HERS Biztr 64 FURAHY Python, WARGEAEMA 32 fiiA (RAZH I
MRS D), AR Win32 IR2 AT 0 Wind2,

4.1.4 Linux and OS/X: UCS2 5 UCS4

X AE X T 18 Symbol not found: _PyUnicodeUCS2_AsASCIIString X #EIYJH & K FEW % T
_cffi_backend.so [1) ImportError, HZLJE & fl Python [ “ucs2” F1 “ucsd” MK, &
Python 2 &/ E AR, XEWE GIAEIETEZIT MM “ucsd” 4ii¥ iy Python, {H2¥ AL
_cffi_backend.so &M A[A A Python Ziify: —ANIEAEIZAT “ucs2” o (WM BUH SRy ), W2
I FF % _PyUnicodeUCS4_AsASCIIString f4fiR. )

MR IELEFEH pyenv , #5Z: 0/ https://github.com/yyuu/pyenv /issues/257.

SR, VAR IR A S R 52 R E CFFT (A as (A & 190 el i — i A 0) 70 PR
S EMFERAR Python ##E#E. B4, ] virtualenv:

41, BETFELHBE 21
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e virtualenv ~/venv

e cd ~/path/to/sources/of/cffi

e ~/venv/bin/python setup.py build --force # forcing a rebuild to make sure
e ~/venv/bin/python setup.py install

X virtualenv W) Python 7EiX A4S virtualenv H4giFfZc3E CFFI,

4.1.5 NetBSD

TR RN R A R libfl, BB T —L4R.
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Contents

o WA

- FREAH X

— e CFFI # X,
* a7 (ABI 83, in-line)
* Struct/Array =) (minimal, in-line)
*API X, AR C kR
*API#X, AR C 53 RAM TR HFE
* Py tRe (API level, out-of-line)
* Qut-of-line, ABI 23,

* In-line, API 32X,

- RERAETHA?
— ABI 5 API

BN T — A CFFT M Python #i%sha % (DLL) i} C sy fa s TAER B, CFFT EH R
%, W T A ER AL B S =R R TR Python AT Bl ALE C B C++
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I AR H R Python f@#REAR . SRIGMTTIRAIRIT T CFFL JE,
HPRIRAT 205 offi.

51 FEFEAFZX

1 CFFI fy E207 RN A — B K msh SR 0, e th Al ke dtny . R —F, &fF—
MRGETENNSEFES N piapprox.dll (Windows) B libpiapprox.so (Linux FIHE) 5 libpiapprox.
dylib (OS X), K%L float pi_approx(int n); FEAEEICREGRE BL FITE pi (—LErMiE. A48
M Python X EE. EHERE, WHESESE piapprox.lib (Windows) i libpiapprox.a [F]#:id
e

At piapprox_build.py:

from cffi import FFI
ffibuilder = FFI()

# cdef() expects a single string declaring the C types, functions and
# globals needed to use the shared object. It must be in wvalid C syntax.
ffibuilder.cdef ("""
float pi_approx(int n);
ey

# set_source() gives the name of the python extension module to

# produce, and some C source code as a string. This C code needs
# to make the declarated functions, types and globals available,
# so it is often just the "#include".

ffibuilder.set_source(" _pi_cffi",

nmnn

#include "pi.h" // the C header of the library

mnmnn
>

libraries=['piapprox'])  # library name, for the linker

if __name__ == "__main__":

ffibuilder.compile(verbose=True)

PATHIAS . R —Y)IER, BENIZ™4 _pi_cffi.c, ARG EIHAMmERS. A8 _pi_cffi.c UF
set_source () LM FAFEREIEIA, BIXFFH11 #include "pi.h". ZJ5, B L cdef O H
P IE BREL, BV 4 R AR B ) BOK AR S o

FEIBATIS , AT ABGEAR G 7 s
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from _pi_cffi import ffi, 1ib
print (1ib.pi_approx(5000))

WEXAE! FEART R ERTRS, AT 2 SR s Gl A CFFI 850, $5il2, R 05 L wit
oy C BEFRIFR , XA ARGl .

X FFI 251 cdef () Fl set_source() F¥EMEZEL,, 1ESM S0 K,

YARHR ORI, T i @A 5 W O @ R HAE N setup.py W—# 451517 AT MM
Setuptools 43 & 7l

from setuptools import setup
setup(
setup_requires=["cffi>=1.0.0"],

cffi_modules=["piapprox_build:ffibuilder"], # "filename:global"

install_requires=["cffi>=1.0.0"],

5.2 Hh CFFI &
CFFI ] A F UMt Z —: "ABI” 57API” G5, X PR BIFSA TEL "in-line” ZidpiisX o 4k ”out-of-
line” Ziftbi=t,

ABI BEXPATFERIZON R, M) APT BEXEH C gmiddniifeql. ROTMRE T4, &%
M he

1t in-line BT, £FA Python (U RIS BCEITA WA . 78 out-of-line BEXF, i — MY
fER LR (WTREILA C i), B E— I, AR TR AT DA AR LR

5.2.1 BHERH (ABl 5, in-line)

XFTHRLEAE A ctypes BRI REREARM AL

>>> from cffi import FFI
>>> ffi = FFIQ)

>>> ffi.cdef ("""

.. int printf(const char *format, ...); // copy-pasted from the man page

D
>>> C = ffi.dlopen(None) # loads the entire C namespace
>>> arg = ffi.new("char[]", b"world") # equivalent to C code: char arg[] = "world
— (T oUaREE)
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(8 E30)
>>> C.printf(b"hi there, An", arg) # call printf
hi there, world.
17 # this is the return value
>>>

G A char * ZEFEE— bytes ¥H. WMEKRE—1 str (5 Python 2 [ unicode ) FRFZEH
somestring.encode (myencoding) /R .

Windows k&4 Python 3: £fi.dlopen(None) AEIEM . EXAFAREL, M HIGHEMH. QREZIKMN RS
FAFER T DLL YR AL, WA R AR A8 SRR ££1.dlopen("path.d11") .

W) RIARAAEST C %iF %, CETEN ABI X T IF, X Fk 4o RIRIBAREASBERFF cdef() F
AR F A e R F 8, WM.

WG C Gk an i@ — ki, SRZUEIE ] APT B, (EWER)

5.2.2 Struct/Array ;rfj| (minimal, in-line)

from cffi import FFI
ffi = FFIQ)
ffi.cdef ("""

typedef struct {

unsigned char r, g, b;

} pixel_t;
)
image = ffi.new("pixel t[]", 800%600)

f = open('data', 'rb') # binary mode -- important

f.readinto(ffi.buffer(image))

f.close()

image[100] .r = 255
image[100] .g = 192
image[100] .b = 128

f = open('data', 'wb')
f.write(ffi.buffer(image))
f.close()

XA PAAAE struct Al array  BIHRPYEE R G 09 F e, B4R ctypes o ARATDATAH £fi.
new("pixel_t[600] [800]1") F45-5|—/—4E%4.

b R FAEART C miF s
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AN FAINE out-of-line . BEZEMIT LEHIHE— 248 7 X R, {HK None fENHE NS
Bifh 2y ffibuilder.set_source ). ME L TEFHFE A from _simple_example import ffi ZRJGMAT
image = ffi.new("pixel_t[]", 800%600) Jif, 5 IAiAY in-line 7/ flAHEIH NEA .

5.2.3 API £, AR C #rfEE

# file "example_buztld.py"

# Note: we instantiate the same 'cffi.FFI' class as in the previous
# example, but call the result 'ffibuilder' now instead of 'ffi';

# this ©s to avoid confusion with the other 'ffi' object you get below

from cffi import FFI
ffibuilder = FFI()

ffibuilder.set_source("_example",
r""" // passed to the real C compiler,
// contains tmplementation of things declared in cdef()
#include <sys/types.h>
#include <pwd.h>

// We can also define custom wrappers or other functions
// here (this is an example only):
static struct passwd *get_pw_for_root(void) {
return getpwuid(0);
}

nnn
B

libraries=[]) # or a list of libraries to link with
# (more arquments like setup.py's Eztension class:

# anclude_dirs=[..], extra_objects=[..], and so on)

ffibuilder.cdef ("""
// declarations that are shared between Python and C
struct passwd {
char *pw_name;
N // literally dot-dot-dot
3
struct passwd *getpwuid(int uid); // defined in <pwd.h>
struct passwd *get_pw_for_root(void); // defined in set_source()

nn ll)
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(8:EW)

if name _ == "__main__":

ffibuilder.compile(verbose=True)

BT Bt T IR example_build.py MIASPATESCH: _example.c A p” YA, FHRFHEPFENEI C ¥~
JEfEEL, (CFFI #R#f set_source ) W5 —NSHUETE N None Kk A il Python fHbknf C #ith)

BAFTHRER N CHiFE, LN L AB 4o __ezample.so K __example.pyd 89 X, R ER, €
VIMGAEAT ALY B A e — AR A TR T K & o

WG, TEER TR, A

from _example import ffi, 1lib

p = lib.getpwuid(0)
assert ffi.string(p.pw_name) == b'root'
p = lib.get_pw_for_root()

assert ffi.string(p.pw_name) == b'root'

155 struct passwd 5 C BitHI X (B27API 4507, MiAREABLI 25107). BEFRE— C Jifes 4
AEizfT example_build.py, {H'E H22i{5E £ IEMHIRIN struct passwd FERANTT BE S L . WAL, &
cdef O HIATKF getpwuid O FHIRA int SHG FERLT-G 1, X WTRERCAS IR, (B REZ.

HEER, Eisfrhf, APT st ABL B,
BT Setuptools #1753 %, KFHAEMF] setup.py :

from setuptools import setup
setup(
setup_requires=["cffi>=1.0.0"],

cffi_modules=["example_build.py:ffibuilder"],

install_requires=["cffi>=1.0.0"],

5.2.4 API 2, A C EEREMTRmIFE

AR BRI LOR T R R, (B AR C BT IR, A2 s fa) B e 7 52 B — S XA Y
C BT IS g P, iy CEFL Ay N TE C i F U I A=Y RELR) . Bl
. M opi.c Al pi.h SCAFIFAS:
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/* filename: pi.c*/
# include <stdlib.h>
# include <math.h>
/* Returns a very crude approzimation of Pi
given a tnt: a number of iteration */
float pi_approx(int n){
double i,x,y,sum=0;

for(i=0;i<n;i++){

x=rand () ;

y=rand() ;

if (sqrt(x*x+y*y) < sqrt((double)RAND_MAX+RAND_MAX))

sum++; }

return 4*(float)sum/(float)n; }

/* filename: pi.h*/

float pi_approx(int n);

DA K pi_extension_build.py, 4 CiI5E1 R:

from cffi import FFI
ffibuilder = FFI()

ffibuilder.cdef ("float pi_approx(int n);")

ffibuilder.set_source("_pi", # name of the output C extension

nmn

#include "pi.h"',

nmnn
3

sources=['pi.c'], # includes pi.c as additional sources
libraries=['m']) # on Uniz, link with the math library
if name_ _ == "__main__":

ffibuilder.compile(verbose=True)

P

5.2. H{h CFFI &=
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python pi_extension_build.py

R, A TERST, AR pi.c, _pi.o MZiRER C i & (B4, 7£ Linux EnY _pi.so
)o ERPABE PYthon JHH:

from _pi.lib import pi_approx

approx = pi_approx(10)

assert str(pi_approximation).startswith("3.")

approx = pi_approx(10000)
assert str(approx).startswith("3.1")

5.2.5 B4igytEE (API level, out-of-line)

VA B3Ry AR, HLHARAZR MBI R C &, gk M ERAE A W5 1) —L8 C ifH R

# file "example_build.py"

from cffi import FFI
ffibuilder = FFI()

ffibuilder.cdef ("int foo(int *, int *, int);")

ffibuilder.set_source("_example",

nmnn

r
static int foo(int *buffer_in, int *buffer_out, int xz)
{
/* some algorithm that is seriously faster in C than in Python */
}
ey
if name _ == "__main__":

ffibuilder.compile(verbose=True)

# file "example.py"

from _example import ffi, 1ib

buffer_in = ffi.new("int[]", 1000)

(N ougkzE)
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(B bTT)

# inittalize buffer_in here...
# easter to do all buffer allocations in Python and pass them to C,
# even for output-only arguments

buffer_out = ffi.new("int[]", 1000)

result = lib.foo(buffer_in, buffer_out, 1000)

BER—/A C ®iFRZRKEAT example _build.py —k . € FE—ANXMH 44 _example.so R __example.pyd.
e RTVA, T VMBI L fbd B e — B A TR iIF T X 04 .

5.2.6 Out-of-line, ABI &5
out-of-line ABI #i= 2 # M (API) out-of-line fzA1 in-line ABI FsHIREG .. B AGEMH ABL &, H
A ORFFE C Figds) @ (H2 57 Hit).

R AT AR I S AR TE], PO AT AR C SKISCPHRE . Bl SR VF e A I TR B AT S PR 1Y
KA, MR PERE (BRI R 50 LA I BN A, /NS Z 0GR AT cdef O ).

# file "simple_exzample_build.py"

from cffi import FFI

ffibuilder = FFI()
# Note that the actual source ts None
ffibuilder.set_source("_simple_example", None)
ffibuilder.cdef ("""

int printf(const char *format, ...);
B
if name_ _ == "__main__":

ffibuilder.compile(verbose=True)

zfr2r=E _simple_example.py. R EFEFALT ABAE RIIRHL, 1 AF /2 simple_example_build.py:

from _simple_example import ffi

lib = ffi.dlopen(None) # Uniz: open the standard C library
#import ctypes.util # or, try this on Windows:

#lib = ffi.dlopen(ctypes.util. find_library("c"))

G¥E))
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(8:EW)

lib.printf(b"hi there, number \n", ffi.cast("int", 2))

WERXAS £fi.dlopen(), Mg in-line B, N FLATEIAMABEZE K E O BELAEIRIES (FEURT
H %), i C ) dlopen () 8 LoadLibrary () BRI K . iX B #K#H ££1.d1lopen("1ibfoo.so") & [H)#L, {H
ffi.dlopen("foo") EIANFT IE)G—FEH T , /KT PAM] ££i.dlopen(ctypes.util.find_library("foo"))
Be. Mk, None {UfE Unix EREHRBIDAITIARE C F.

WA EBEW, WicEAER T H _simple_example.py U, #En]PATESLH M XA #ESEEE,
5 #, A Setuptools, #ZAPATE setup.py TXFHG:

from setuptools import setup
setup(
setup_requires=["cffi>=1.0.0"],

cffi_modules=["simple_example_build.py:ffibuilder"],

install_requires=["cffi>=1.0.0"],

B2, BEREFENTLE CIEFSWEATES LN RIGE T H R, BRA . filn, e T —
PEHSCPEARA H -

5.2.7 In-line, APl &EX

"API level + in-line” AR R, ERERAMESHTH. BY LA 1ib = £ffi.verify("C header") . Ef

set_source("modname", "C header") [ out-of-line #ﬁimﬁ Ve, FH 24T0 5 A R R TR A
Al

5.3 8

WA 1.5 T3 ARk,

CFFI a[ T i AU — MRSt e (Windows & .d11 , HAlMT; .so) W PATE C R H
.

import cffi

ffibuilder = cffi.FFIQ)

ffibuilder.embedding_api("""
int do_stuff(int, int);
nn ||)

(T gk%E)
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(8:EW)

ffibuilder.set_source("my_plugin", "")

ffibuilder.embedding_init_code("""

from my_plugin import ffi

@ffi.def_extern()

def do_stuff(x, y):
print ("adding and 7d" % (x, y))
return x + y

n |l|l)

ffibuilder.compile(target="plugin-1.5.*", verbose=True)

XAE B R B plugin-1.5.d11 B plugin-1.5.s0 f)& N HA A NS H KA do_stuff O 1y DLL. 4
o A E RO H AR AT R A B W RAZ CPython 2.x 8 3.x 8 PyPy. #RJ57 AN
TP BE” R DLL; W HBF AT EATE T IEAE S H Python Il CFFI G#W EMHITHEG . fafT
B, 4N ARV int do_stuff (int, int) W}, Python RS HahwiGib I Aok def do_stuff (x,
y): WH. EHSFEA KRR SR R EE B .

54 RRAETHA?

CFFI $107E5 C ik F MM Bty TS C i5F A F R TEIA A B RA s HE SCE AT
R EWE RZHOH SR IR ] AR E M P 5 A2 il

PR DA A AL, sk, WA MRS R, (G4 cdef O MNAAFEEHMPNZ; FRAl2, #ifdef
B #include $§ @A SHFM . LIHIGITHH) cdef giigiX ke i IEm] “AE C ZHlha—RA
HEBAMRED, 35 HERA BRI ZE 28,

1E ABLJRfih, dlopen() F-ahi Mm#EAE . 7E M, FEF» B4 a0 - — D2 R4 250
(FEFLe -5 F), A EM—A 42500 B dlopen() ik [E—A4> <FFILibrary> X4, # HZXMEHAA
K HZER I R, HRAA RS EREE, I HCTE cdef O . WIS ZINEL 2 A HH BARHET
T HBEPHH—IR cdef O , {HAPAZKIFH dlopen() .

i, APIL 1% CinERT: C iy (B8 MR HmMEMfT S . RRFPE4 libraries
fEH set_source ) W)XHFSEL, (HIKATFEIHMANTF 5k BN EE . set_source ) By HAE IS
HAUFE library_dirs il include_dirs; i X SeS ML B A FRIENR distutils/setuptools.

ffi.new() f74MHL C X5 BRAEMAENSE A5, SNeimy SR, e, X388
T WGE”, SBIRA AR C ISR a4 JRAs & —=.

SeBRE 1ib.*+ O bR BRI %2 R 5 W iR C —FE.
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5.5 ABI 5 API

IS (CABD) Pl C REEHE T IS, BERIRAEDE Windows T4 L.

ABL G5 B A Gt 2 VR o 0T 20l AR A *ibf* 2, X ARE OF BAESRREF- & B A B2
SES M) . APT AR S i EL R H ARe £ CPython C sy, ERIPABEHR (FF FLLE libfi TAEFG
).

HEW APT BXARARE Z C Ed ¥ A Th CmiFE—#e A . IRANIZMUEMEs b 7B iiE. -
W) BERfl” BonT CFFI aifafli ] C gmieds: WonfFilflif] set_source(..., "C source...") A
52 dlopen() . ffi XA Ly, FATAUL R RIRATAIATE cdef O HRARFEMEME T, . .7, NG
BRHE C sl Bl T e i, CFFT Sobf Hfei oy B C s, Hoh s REB iy C P #,
JE R —28” FERC EF AN cdef O IRZERF. it Ci155E SCER, AN C ¥R s IR
MITREAIAEE- 3038 C gide i B S s R, Bl QRIRA T RIS I T H L8 R 5 %544

T set_source ) HiY”C source” FR4F A AL SRS C AURD. BRI DARE I ERAEIH—LE ] C gw S04l
D%, BRI LR IR T 2 1 3] Python, W ENINEAIAE cdef O 1. (] AFE”C source” FB4yH
ffiff] static C X4, 4l static int myhelper(int x) { return x * 42; } K RiX&efiifh H 21 R —
A C ) BEARC 5. )

XU AT B erazy” 2w 2 EARMER) C s . BUSMY C 15T 2 A A T ARA N, =0
Y BRI SIS R L, AR C A2 Python . (55—, AREHFZRM” 2KMleR
B W, IBAPI AR cdef O HAEMIEA], MEHRENEHRE—R. )

AR C i F I ARAEETTER -G (80 Python iiA) EARSZAHIE, HULAER BTG OLT , T DAE
o IR C i IR A FE AL C b (iXHugeT CPython L) _cffi_backend £ilk. ) b
7 ) IR Setuptools 172 1% AL ZRHG O, FA I ZEHF AL C JHATH Bidn: HEH
A IESCPERY Python JIARA B B RGEA TIFE WAL N Z
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— FFI o I

LA TR DA S %

6.1 {EREsT ZiEFId

C iBEF RIS A RN E S 5] Python FY##L int, long Ml float. MH., C iHF KA char XfV T
Python W BFERFFERFER . (QIEREDRF LG 2 /NESL, 75/ signed char i unsigned char. )

FIFE, C i HEEA wehar_t X T HFHAF unicode FAFHR . TR, TEHLNEILT (—> narrow /) Python
P, HATIRIZERY 4 779 wehar ¢ J8U), FAAS wehar ¢ “FAFRTREXS . F— XM (BoT, #360), ENFs
HRSEH 2 1Y unicode FAFH . AR FFERFXAERY 2-chars unicode FAFERFAON L, W ord (x) A
H; i int(£ffi.cast('wchar_t', x)) #ih,

WA 1.11 P oy hfe: BT wehar_t Z4b, C iiFE KA char16_t Ml char32_t M LAE XM, HE
AEHIE E RN FEARTRI A Y, X ATPAMEA] wint16_t Al int32_t SCPL, {HORREH 34 Python

unicodes.,

TREE, SMFIBUEH TR 4 AR RN Python M. B, EATXV KA cdata X4, i, &
fITFTEIH <cdata 'struct foo_s *' 0xa3290d8>,

ffi.new(ctype, [initializer]): W pREHMIEIFIRNIZE ctype HIHT cdata XfH ., ctype il & —LEHiliidk
C RAPHE EFAE . BT SE A, R ES54%r, Bl "int *" 5 struct foo *, SRIFEN
—A~ int B struct foo MECHFE. WIHEHEH, BIAN int[10], SRIGEHN 10 4> int J3ECAE. XM RD
LT, REH cdata B2 ctype AU,

WAFBAI I ZEETE . Wk, o] DA% oI G E.

il

>>> ffi.new("int *")

<cdata 'int *' owning 4 bytes>
>>> ffi.new("int[10]")

<cdata 'int[10]' owning 40 bytes>

>>> ffi.new("char *") # allocates only one char—---not a C string!
<cdata 'char *' owning 1 bytes>

>>> ffi.new("char[]", "foobar") # this allocates a C string, ending in \0

<cdata 'char[]' owning 7 bytes>

5 C AR, REHRHA R NAFRA A A AT SRR, NAFBORER. IR
1 C TR, ARAEHAIITAEE T — 810 AP RIEET . BRI R R i DRI 2R X A7 - (W
SRS RIRFIR [l A5 B0 il e o HoA i a5t , XBE M R IR RIA AR, Fr MR R
ERAE. —HZARE, IBARAGRARER R bR i, FratOlnpins] t3 4 cdata X5 &
AR, MMERZEM RGN, ) Bi:
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global_weakkeydict = weakref.WeakKeyDictionary()

def make_foo():
sl = ffi.new("struct foo *")
f1d1 = ffi.new("struct bar *")
£1d2 = ffi.new("struct bar *")
sl.thefieldl f1d1
sl.thefield2 = f£1d2
# here the 'fldl' and 'fld2' object must not go away,

# otherwise 'sl.thefieldl/2' will point to garbage!
global_weakkeydict[s1] = (f1d1, £1d2)

# now 's1' keeps alive 'fldl' and 'fld2'. When 'sl' goes
# away, then the weak dictionary entry will be removed.

return sl

WEVRAEEE T I, S ST char * 84 IUFSEI Y char * * B0 B, SRR L%
T:

p = ffi.new("char[]", "hello, world") #1p ts a 'char *'

q
1lib.myfunction(q)

ffi.new("char **", p) # q ts a 'char **'

# p 1s alive at least until here, so that's fine

IR, XY (BRI AT ):

p = ffi.new("char **", ffi.new("char[]", "hello, world"))

# WRONG! as soon as p is built, the inner ffi.new() gets freed!

T FEREA IR, Xt R A RN

p = ffi.new("struct my_stuff")
p-foo = ffi.new("char[]", "hello, world")
# WRONG! as soon as p.foo is set, the ffi.new() gets freed!

cdata ¥ FE S C PAHREARERE: RTDAMFGEr, BAAMEEH P2 5 A . BUNs | H-—MeEHEE
TE CiET BN *p, XAEAEREY Python, FrARAIE A TE: plo] (X2 HZH C). Hsb, C
EE P p.x Ml p->x IBEHRE Python H K p.x.

BAA ££1.NULL 7] C #5F NULL fEMIREIM B . SEERML, B%bs LoiE Ok ££1. cast("void *",
0). filan, FeH—4> NULL $g4ti&[n]—4> <cdata 'type *' NULL>, {Ru]DARGAE, U5 ££i . NULL [t
.

C W) & BEMAEH —RENY (FAEAESER, mHXRELUFAFEE). A faddressof(), {HALRR
FHRIBLEN . Blt0, FRARELE Python FR3RBUEL TR Hudik”; [FIAE, ARASBESKE CFFI $541fgstuht . S RARA
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XA C i E AR

int x, y;

fetch_size(&x, &y);

opaque_t *handle; // some opaque pointer
init_stuff (&handle) ; // initializes the variable 'handle'
more_stuff (handle) ; // pass the handle around to more functions

MWLMFHEBIHESE, NZiE B2 B C iy f:

px = ffi.new("int *")

py = ffi.new("int x") arr = ffi.new("int[2]")
lib.fetch_size(px, py) -0R- lib.fetch_size(arr, arr + 1)
x = px[0] x = arr[0]

y = pyl0] y = arr[1]

p_handle = ffi.new("opaque_t *x*")

lib.init_stuff(p_handle) # pass the pointer to the 'handle' pointer
handle = p_handle[0] # now we can read 'handle' out of 'p_handle’
1lib.more_stuff (handle)

15 C AR ol 5 B s s A R I AT TR E RS 2 A R it — B edata X5, 57 J5UR™ #77 AA
T cdata XFGBA AR NGRS A WAFRTS I .

VER LRI EEIAN, BUES I — 0 struct 3K union XTRFGER R ] —A" JLRGHAT HF PAFH)
cdata struct 5 union X5, L, FEXFEELLT, APDXGAT AR R B9 AT o SRR TR
FLUEAHIA —A> struct X REBA MA@ A 07 ERIRAF ISR TR XIS (1 ££1.new () 3R [1]).

1l

# void somefunction(int *);

x = ffi.new("int *") # allocate one int, and return a pointer to <t
x[0] = 42 # fill <t

1lib.somefunction(x) # call the C function

print x[0] # read the possibly-changed value

ffi.cast("type", value) j& C it (casts) {_ULAISFINY. MAMINVZBAE C P—HETAE. b, XK
UKk 7 JS R T cdata X5 ME— ¥

>>> x = ffi.cast("int", 42)
>>> x

<cdata 'int' 42>

(T gk%E)
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(8:EW)

>>> int(x)
42

Frigeran il int, KFEFHBOY intptr_t 3 uintptr_t, | C & SO SR IEEASEAL (BN 32 i):

>>> int(ffi.cast("intptr_t", pointer_cdata)) # signed
-1340782304

>>> int(ffi.cast("uintptr_t", pointer_cdata)) # unsigned
2954184992L

ffi.new() WYRIIESE “DSHA M RIWIIRE R AR AR C RISHRIREREMIARTY, (51 RSoTHmA
i CiEE L ., ., o Y Bl

typedef struct { int x, y; } foo_t;

footv=4{1, 2 }; // C syntax
v = ffi.new("foo_t *", [1, 2]) # CFFI equivalent

foo_t v ={ .y=1, .x=2 }; // C99 syntax
v = ffi.new("foo_t *", {'y': 1, 'x': 2}) # CFFI equivalent

5 C —#¢, FRRAER ARG, TERXFMEOT, R4 b2 74

>>> x = ffi.new("char[]", "hello")
>>> x

<cdata 'char[]' owning 6 bytes>

>>> len(x) # the actual size of the array
6

>>> x[5] # the last item in the array
"\x00'

>>> x[0] = 'H' # change the first item

>>> ffi.string(x) # <nterpret 'z' as a regular null-terminated string

'Hello'

ke, WTRAM unicode “FAFERAIMATL wehar _t B charl6_t B char32_t [¥U4L, H7E cdata 4 L
££1.string O SR PIAERETEAC P24 B unicode FAFER (BRI IMACER (FD7C, 1517)). H XEZTEM
SHE, B2 Unicode P80 #4r.

R, 5 Python FIRETTAAN, HY C FEL, RAREMMNAEHERIGH C B PR

Bl CIBFHHEPKET M C B R4ge, HBEEMNWKETAAVIGIES R, 55
¥E C
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int array[] = { 1, 2, 3, 4 }; // C syntax
array = ffi.new("int[]", [1, 2, 3, 4]) # CFFI equivalent

TERTRE, WAL T ARSIy, g 7R (R AR AR 4R 1k):

int array[1000]; // C syntax
array = ffi.new("int[1000]") # CFFI 1st equivalent
array = ffi.new("int[]", 1000) # CFFI 2nd equivalent

WK SR PR, XA A A, PABE R ££1i.new("int [%d]" % x) XFEARFENE. Sbr b, ARz
VXA ££1 M EEFATE "int (1" ARE—HEHBNE.

C99 SHF AR R/NG Y, R B IR A AE T IR K

# typedef struct { int z; int y[]; } foo_t;

p = ffi.new("foo_t *", [5, [6, 7, 8]]) # length 3
p = ffi.new("foo_t *", [5, 3]) # length 3 with 0 in the array
p = ffi.new("foo_t *", {'y': 3}) # length 3 with 0 everywhere

e, WHEE, B HEVIRMAER Python XMW AIPAEERA ££i.new) WO T B3 H T84
B EEA FE AR . SEPR b, p = ffi.new("Tx", initializer) BZ%MT p = ffi.new("T*"); p[0] =

initializer. fi:

# 1f 'p' is a <cdata 'int[5][5]'>
pl2] = [10, 20] # writes to p[2][0] and p[2][1]

# 4f 'p' is a <cdata 'foo_t *'>, and foo_t has fields z, y and 2z
plol = {'x': 10, 'z': 20} # writes to p.z and p.z; p.y unmodified

# if, on the other hand, foo_t has a field 'char al[5]':
a', 'b', 'c¢' and '\0'; p.al4] unmodified

p.a = "abc" # writes '

TERREA T, B SH, X LR AR 3855 Lo 20 A

6.2 Python 3 §%

% FF Python 3, HERFZEANELAE C iEFZA char X Python K7 bytes, 1M AR str. ERKIIA
Python “F4FER L1825 CFFI s CFFI B2 EATIR, @A THER A Python SAAFER 4l /AL M 77
XA J char ZEBUFNYRAEZSAY; 7F Python 2 22471 APT [ HAhA /> 448252 Python 3 HEAF
B
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6.3 M main By—HIF

MR, TATAEFLEIEMX A

from cffi import FFI
ffi = FFIQ
ffi.cdef ("""
int main_like(int argv, char *argv([]);
D)
lib = ffi.dlopen("some_library.so")

BAE, —UIMREE, BT, BATAMAER BLAJE charsx ZH7 55—k

lib.main_like(2, ["arg0", "argl"])

AR, FRPIA KA BAH A Python str 4%, WHEJE <cdata 'char *'> W%, &HEEAM
ffi.new() RAEXLENT 5

lib.main_like(2, [ffi.new("char[]", "arg0"),
ffi.new("char[]", "argli")])

R, WA <cdata 'char[1'> XFEAER MR REHESARES: ENIHESFA SRR, I AL
FEVE R [T RS 2 o

QR AR AR B MR AR B A Y "argv” A, IRATHR /ML

# DOES NOT WORK!
argv = ffi.new("char *[]", [ffi.new("char[]", "arg0"),

ffi.new("char[]", "argl")])

1 LT R, B argv”, RN TS arg0” FAFH . A/ BRER B XN ES char ()7 XT45]
M, EREEGEE R RS, G

argv_keepalive = [ffi.new("char[]", "arg0"),
ffi.new("char[]", "argl")]

argv = ffi.new("char *[]", argv_keepalive)

6.4 $iAEH

WH C R, iS50 T 208 5 5 LS S5 F BOH R AN, 3R [ME A 5 12 Bt he) 7 BOAH R B 00
54n:
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# int foo(short a, int b);

n = lib.foo(2, 3) # returns a normal integer

1ib.£f00 (40000, 3) # raises OverflowError

BEATAKF char * ZHLEBLEEAY Python FAFER (2 AZLR-E0AY Python FAFH 8454 char *
SRR EOT HUEE!Y):

# size_t strlen(const char *);

assert lib.strlen("hello") ==

TR DA unicode FAFEE/E R wechar_t * B{ charl6_t * B{ char32_t * %%k, Hdx C {ESHEH
i type * B type[] WIS ZIAA XA, Filal, int * EREMT int[] (HZF int[6]; 5 B2
T)o XT CFFI, XEWREBIRATMEIRSE AR int * 3% int [1. 40

# void do_something with_array(int *array);

lib.do_something_with_array([1, 2, 3, 4, 5]) # works for int[]

BN 275 el LT L struct foo_s * ZUMTTA——AH—BOkUL, TEXFMEIL T2k ££1.

new('struct foo_s *', initializer) HHJFM.

CFFT S A% s R 0] S5 A4 A A5 21 o) KR 1] 30 . fol:

# struct foo_s { int a, b; };

# struct foo_s function_returning_a_struct(votid);

myfoo = lib.function_returning_a_struct()

# “myfoo : <cdata 'struct foo_s' owning 8 bytes>

BT ERE, #d%S 1ib.some_function FRAGHYIEFIAE APT I RECA /& <cdata> X4, 124 [H
KRR 4 (fF CPython |, <built-in function>)., XEMEEAREGTNTE L ELHAM C ES K
BORE R E 28 WA £fi.typeof O A REMAEANT. RS W PR EAGE 1 cdata, 35l
ffi.addressof (1ib, "name"),
TEF SRR P A — 2 (BRI ) BRI X EEFREIR B libfi, (GEH TR <cdata> pREIEER; #eh)
UL, WEREHH APTAG, BEITAEH T ATAESE cdef O FRIIREL. BREEEANBEEZEENSEUE
i ER A] ZH:

o KA (union) (HR2BRE F84H2AZRREI);

o —MENMIFERIEEE (struct) ((EIXFERILGEIIIR F6 4T A2 BRI

o fE cdef() H”...” FEIHRILEMMA, .

42 Chapter 6. {EF ffi/lib Y5



ref.html#conversions

CFFI 3048, &% 1.13.2

1 APT BT, RT] DA DRI LEIR ] B, ASRARTE A Python i XM s BcheEE, BT AN 4 S
—AAENL CIEFREL, ZREIEZ AR AL SR, M CIEFEIITIM . SRIGHE cdef O I
HE X CifiF mBOF A Python HlE.

6.5 o3 F£iE H

Cilim I SRR (A”. .7 MR RGNS ER) ATDAIE R A BANTA I, (H TSR 2 e b i) B
ASHULIZ cdata X5, XRPFINTCEAEN, WRRS TiXA

lib.printf ("hello, \n", 42) # doesn't work!

REMIAE 42 128 C I int f£i6, A2 long 5 long long. float 5 double Zx it B[JFEM) M.
Fr AR AR RS C 1 FRAE cdata IR, MhZ I ££1.castO:

lib.printf ("hello, \n", ffi.cast("int", 42))
lib.printf ("hello, \n", ffi.cast("long", 42))
lib.printf("hello, \n", ffi.cast("double", 42))

HBR T4 5K

lib.printf ("hello, \n", ffi.new("char[]", "world"))

WEE, WEREEHAZ dlopen(), cdef O WAL Y C iy RIAFEISE AL, B+
JHAnt, AR IEREE C BT RIS, IBAER cdef O FEJMLATRZ AR, A
R [ SH00E cdef O WA, BRI R X SRR ©. R ER RS R A RF
IV 25, BARBUR T RS 4 BT . (75 x86-64 |, WIRIELESHE double Y, A BT DATE
PyPy i) JIT At RS BRI 25, )

WERMEA % int foo(); M CFFI fERENEE R T int foo(void);. X5 C fRrifEAIE, H int foo();
HW% int foo(...); I HDAMEFAFATSENM . GXAFHIFE C89 Z it - FEAMKI TH5 & T 401
P RMELT , 7F foo O MEEAPRATET RS E . LT A R A int fooO; MELE

H& int foo(void);. )

6.6 WFEED (PyPy)

ABEAGERT PyPy, FEAE RS (GC) 5 CPython A, £ C i (UM, WA X, —
NPT BESRBCHAB SR, 1055 — BB TR AR Python U7, HATE GC
HuE nf DAREICRE E (Python) XS A SRR K. XA DL H I 2

o WIRARBER __del__ O JrikiilHREHCeR %
o WURAKMEH ££i.gcO MAMH £fi.release().
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o WNSEAERf B B RV RV REER AL, MR 2 A A X RS O, IUNFE R AL try: finally: iBAJHL. SR
EWIRE EAREN WA e A IR E D T yield 5X— 45, WEHI7E finally
Perp i A AE R —4> GC AL .

TEX SO, BT BB N E PR %L __pypy__.add_memory_pressure(n) . ‘BERISEL n X LR
WAEE Al . i, Qs C 155 R ATIRIE N & malloc(n) Fl free O AN pREL, WIHE
malloc(n) ZJ5AHM] __pypy__.add_memory_pressure(n). XFEHUREE N EREESR, HEM T4
GC RAEBTR, SCEEHLE T .

WER NS B MR, WERER, Gl C 15T R AR5 . EXMERT, A
% n WM __pypy__.add_memory_pressure(n) i@ —MHBSAhE. HEEFUIN R/ NFAREE, FH HAER
FIRER R BUG AN FRR F AR NAEE ST . MR R 20 e /R R B S A2 3, AR %A Bl & Hh R
__Pypy__.add_memory_pressure (), RIffi ] "A]DATE finally: HACHLETHEE . -

WEREARRTT RIEAT , 8, WERPIA G RNTE, M2 HAREARA A (SCHEiRTT), T4
BAT HC AR AR B 1) 5 PR R RAE S0 R ek Bmi A et GO TRJEdR T

HHERE, £ PyPy <= 5.6 #, LGSR EH T ££i.new(). FEFHIRAN) PyPy #, both ffi.new()
M ffi.new_allocator () () #B<x HANMREE QB NAFE . (WREF E SR IBRE#HH PyPy, Tt
whnf, 22 A __pypy__.add_memory_pressure O); i KAL RN ARH BNFET . )

6.7 5MER"Python” (FXEIE)

il E C AU E— MR 1 R EE %R EOR I EdY Python pRURF, PATR/ZAE out-of-line APT
AT PATHEAER IR KT =R BN —4rfliid T ABI B %

XIE 1.4 AT ey # T he . QSR S A PEAAAE MR, G IR (s R i Bets , F B libfi
4 Tl R B AT AR 1 e (AR, R ©F o AT RRRHTEURA G b i 1Elk. )

TEM AR A, E cdef HAH]—4 DA extern "Python" JyRIZH KK

ffibuilder.cdef ("""
extern "Python" int my_callback(int, int);

void library_function(int(*callback) (int, int));
nn |l)
ffibuilder.set_source("_my_example", r"""

#include <some_library.h>

n |l|l)

SR)5, PREL my_callback() 7ZEN FHARFRAGHY) Python Hrsgs:

from _my_example import ffi, 1lib

(M ogks:)
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(8:EW)

@ffi.def_extern()
def my_callback(x, y):

return 42

EITFRE 1ib.my_callback #fF <cdata> FHE BT S . X4~ <cdata> W PAEHEL C Y, ARG EIH
—FREAE: 24 C CRS A LR BEEEM N, A Python B%( my_callback, (EFEZEHF 1ib.my_callback £
ey CIEF, MAE ny_callback: 53 2 LI Python W%k, ARE%i#s% CiEE. )

CFFI @3 my_callback & XCHHES CiIBESRECEEI I IIEE, 51 set_source() i 5. <cdata>
RIGHRIIEE . XA AR PEH 2V Python sRENS, ZREEEATHSFIIN @ffi.def_extern().

@ffi.def_extern() MIfgs W iZN T EREAE, —MNHTRZWFA extern "Python" K%L,

N T SRR O, AT DA PR @ffi.def_extern() REFE LMK Python ik, {HEA
FEVCEFEA! BP0 R B4 FRPI B4 )5 Python eR¥L, FFE e RIFHIE Hiok. X 44> extern
"Python" pRAHAEA M —A> C 1EFH AL, ] effi.def extern() PR MULERELY C B 5 LA HIHT
¥y Python pR%L; IHfY) Python sECAHAIM . M 1ib.my_function FRFHY C i FH RBIREIGZ2 L C
T E R, BIE R

6.7.1 pER”"Python” 1 void * &¥f

WEGRTIA, BRG] extern "Python" RAEWM W AAMEMIET C REFRE . A, fE4l C EF AW
L TCE LIRS R . Bk, C M void *data Z40E X, ATPAMIH £fi.new_handle () Fl
ffi.from_handle() it void * Z%(f&i# Python X4, Bilfy, HSREIEG C &322

typedef void (*event_cb_t) (event_t *evt, void *userdata);

A I R BORTE M

void event_cb_register(event_cb_t cb, void *userdata);

REAR AL A i XA

ffibuilder.cdef ("""
typedef ... event_t;
typedef void (*event_cb_t) (event_t *evt, void *userdata);

void event_cb_register(event_cb_t cb, void *userdata);

extern "Python" void my_event_callback(event_t *, void *);
nn H)
ffibuilder.set_source("_demo_cffi", r"""

#include <the_event_library.h>

nn u)
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AR eV B AN A SR e ol ShE )/l PR R G

from _demo_cffi import ffi, 1lib

class Widget(object):
def __init__(self):
userdata = ffi.new_handle(self)
self._userdata = userdata # must keep this alive!

lib.event_cb_register(lib.my_event_callback, userdata)

def process_event(self, evt):

print "got event!"

@ffi.def_extern()
def my_event_callback(evt, userdata):
widget = ffi.from_handle(userdata)

widget.process_event (evt)

HoAth—SE R A WAHI void » B4, HEARVLER void * NEIBA LM b, BN, FEn &l
widget->userdata g i IV I (R B BT T 7 B AR IR 24 B X FEAY

typedef void (*event_cb_t) (widget_t *w, event_t *evt);

RJERAT DA ARG widget_t * PR void * FBL:

from _demo_cffi import ffi, 1lib

class Widget(object):
def __init__(self):
11_widget = lib.new_widget (500, 500)

self.11_widget = 11_widget # <cdata 'struct widget *'>
userdata = ffi.new_handle(self)

self._userdata = userdata # must still keep this alive!
11_widget.userdata = userdata # thts makes a copy of the "void *"

lib.event_cb_register(ll_widget, 1lib.my_event_callback)

def process_event(self, evt):

print "got event!"

@ffi.def_extern()
def my_event_callback(ll_widget, evt):
widget = ffi.from_handle(1ll_widget.userdata)

(N ogksr)
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(B bTT)

widget.process_event (evt)

6.7.2 M C IEEEEIHEIMER"Python”

WARAREE M set_source ) 45 C AL i[A]—L% extern "Python" R, M EAEZ T .,
BAATEOLR, BOHEHSH, EESHT—% . ) 78 C U2 Joh CFFL Z3in bt s g sebrss sl ———
KZLTFR), PR set_source O & LIWZRAYL (4N LY event_t K[ #include), JrPA
TEILZ HIRNREAE BUE

ffibuilder.set_source("_demo_cffi", r"""

#include <the_event_library.h>

static void my_event_callback(widget_t *, event_t *);

/* here you can write C code which uses '&my_event_callback' */

nn |l)

XA LA K20 5 B Python Y & L C Ui, Xg— 611 (FEXFEILTRCRMAG, Huk
my_algo() HEHEIZIGZL, WnTRESA )

ffibuilder.cdef ("""
extern "Python" int f(int);
int my_algo(int);
nn |l)
ffibuilder.set_source("_example_cffi", r"""

static int f(int); /* the forward declaration */

static int my_algo(int n) {
int i, sum = O;
for (i = 0; i < n; i++)
sum += f(i); /* call £() here */
return sum;
}
ey

6.7.3 4pER”Python+C”

ffif] extern "Python" FEHARYEREUE C AN static . 2, FEIEMHENT, FefikE NIE
SRR R, EE Y EEZNIAM C IEF A IR ZHEELX— 5, /KA AL extern
"Python+C" [~ H/E extern "Python", R 1.6 Fa4%r ik,
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SR cdef 0 SRJ5 CFFI A i

extern "Python" int f(int); static int f(int) { /* code */ }

extern "Python+C" int f(int); | int f(int) { /* code */ }

£k extern "Python+C" & H TRATEZ AR L _EMINTRE: 1EA—4> extern "Python", JfHAEN
5”3%4_,\[3/] Ci ln =Ry S&o

RABELL CFFI iﬁ%ﬁﬁl\é’]?ﬁﬁ%ﬁﬁi?ﬁﬁﬁ‘%%?ﬁlﬂT, Feln GCC __attribute__. ZHAER GRS
SRV I%E static By, (HIlH, XLJFMLHGRE K XH—EBFA, WRKE KAAELENHEN
o

ffibuilder.cdef ("""
extern "Python+C" int f(int); /* not static */
ey
ffibuilder.set_source("_example_cffi", r"""
/* the forward declaration, setting a gcc attribute
(this line could also be in some .h file, to be included
both here and in the other C files of the project) */
int f(int) __attribute__((visibility("hidden")));
B

6.7.4 5pER”Python”: &%

extern "Python" W HPITE cdef() H1. 38 C++ extern "C" iB¥E—HE, B AT HESE—HEEN
Kt

extern "Python" {
int foo(int);

int bar(int);

The extern "Python" eREUIMAEAAER M AESHREL. X AT IFERF R LN (XA #00 JE/R T Wi 51X —
M, HEARITK. )

BN Y Python [n]iH R EHS 2 0ffi.def_extern() MEiffigs & X . %5 I EREUTZ/ N0 AR B 5|
K5, BERIR AR S, IR A TCEAARS . M w T o E] stderr, Il C 15T & HiR
[ ERIAE . XA PAE TS error I onerror RFEHl, 1R IR AR,

@ffi.def_extern() XEifigeii Zix Ln] k5%
o name: cdef F5 AMEEIZAFR. BAERL T, BHE MK Python A& FK.

o error: YR Python pR¥{5| % F MR —AME. BRIAKH 0 3¢ null. REATIRFTEIH] stderr, FrPAiX
1% R VR S g T %6
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o onerror: WIRAREMIRIFTTA RE, [ offi.def_extern(onerror=my_handler). IR &k4F
WIHIEE T onerror, HRJGHH onerror(exception, exc_value, traceback). IXYFH-Luffil Tk
WAM, EXFERT, BARER AT try: except: TELIMIKEH, HAEW RETIEMRE
SPERET S R R WARTE C PRAEES, WA Python {55 BEFET , X @FEHEA IR
R JEEAEAT try: ZAT. WERMESALBRRFML, FATEBA A try: except:.

WERPAH onerror JFIEHIRE, AJFMRET QAR T HEAEMNEITEH S stderr, 4015
onerror i}, WSATEHIMAS traceback {FE . )i, onerror AL W PATE C i 5 4 fikial i m) 451
i, (ER—%: i E N2k [E None BUE AR onerror ALK 2456 error
WA, WRA R

RN 48 onerror H, M DAFEANT 7 ST RS IS A, B ok traceback 2N
None (& J& None B QAN FEA o8 BN iz A T {EFHGR [ME I H 8 ARV )G % 42). WPk traceback
A& None, traceback.tb_frame J2fi /N2 REHIMELS, BIE B offi.def_extern() MY KL
HEZE . BT PAVRWT DA L 5] 152 traceback.tb_frame.f_locals['argname'] $A3i%MWiH argname AY{H.

6.8 mEifA (IHX)

PATR SR ARy B & B B AT AT <cdata> X4, e A i FEAY Python %L

>>> @ffi.callback("int(int, int)")
>>> def myfunc(x, y):

return x +y

>>> myfunc

<cdata 'int(*) (int, int)' calling <function myfunc at 0xf757bbc4>>

TR "int (%) (int, int)" 2 C FHFIE4H2E%, 1 "int(int, int)" & C HH AL, WEHT AT E N
fii.callback() 455 2HIFEF .

Sy ABL UGN F A . MR EAEM T outofline APT BGR, HEMLE ) extern
“Python” PUATIARENE: CHROGEH, SES0AR. SEme T IHRER0 LA M
o TEARFEILZA b, BHAZALERIE EAnt (GlU7E NetBSD |);
o 7£ PAX and SELinux %580 &40 b, MNP RER A= T4 (B, 78 SELinux b7
TAE deny_execmem X E N off HIIEI TIBIT).

e On Mac OS X, THEE NN AR PR Z I com.apple.security.cs.
allow-unsigned-executable-memory,
B A R R offl 1B 127 ££i_closure_alloc 7}3¢
HEMA fork() B)EEAEN memory corruption,

ERCERE R
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Be—Mpidik: Br, AWERFTEA + JUTAFRERA; Xt A 277 7E LR S F7 sk i
WU IR o HSG BRI, X SRR 5 IR AT IR TR WRAR 23 SCAR e S R AT A ££4.
callback(), )5, XXZAIFHURE 2%, Bahd A 2R LA ] AT AT REARAD .
XA, EWTEA ER ARG, XAt A ofi FA SR A

BAEZ G W6 _L— 5 KR i e 0, e W B A By S p AU, DAEE AT ££1. callback ().

i 5 flinew() —#f, fli.callback() iR[E—PMHAH C IEFEIRTAIT cdata. (FEXFMEDL T, DHEM
CinEHIn s HTPATRIER libfi Zmghth . ) XEWRE HZH cdata XA TIEHSPIRES, S REM A
BV AR R AR A S C B S AR, L] DA [, S SRR AR X A X R IR o ST
T YE R A AP i ffi.callback(), HRu[FE(dH finew handle() {£i# context” {5 .. i

# a good way to use this decorator is once at global level
@ffi.callback("int(int, void *)")
def my_global_callback(x, handle):

return ffi.from_handle(handle).some_method(x)

class Foo(object):

def __init__(self):
handle = ffi.new_handle(self)
self._handle = handle # must be kept alive
lib.register_stuff_with_callback_and_voidp_arg(my_global_callback, handle)

def some_method(self, x):
print "method called!"

(7S _ LK T Ohi " Python™  f9&ERS, A ] B9 — X% . )

TR, AR SRR BB R o AFRT7 2SN EE S C RS FE NI B, R —
MR, RSEOTRLEZ PHIMY int S8

# file "example_build.py"

import cffi

ffibuilder = cffi.FFIQ)
ffibuilder.cdef ("""
int (*python_callback) (int how_many, int *values);

void *const c_callback; /* pass this const ptr to C routines */

nn H)

(T gk%E)
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(B bTT)

ffibuilder.set_source("_example", r"""
#include <stdarg.h>
#include <alloca.h>
static int (*python_callback) (int how_many, int *values);
static int c_callback(int how_many, ...) {
va_list ap;
/* collect the "..." arguments into the values[] array */
int i, *values = alloca(how_many * sizeof(int));
va_start(ap, how_many);
for (i=0; i<how_many; i++)
values[i] = va_arg(ap, int);
va_end(ap) ;
return python_callback(how_many, values);
}
B

ffibuilder.compile(verbose=True)

# file "example.py"

from _example import ffi, 1ib

@ffi.callback("int(int, int *)")

def python_callback(how_many, values):
print ffi.unpack(values, how_many)
return O

1lib.python_callback = python_callback

FEH: ARWATRAMEH £fi.callback() ERBEAMART A Z HEEAE AN £fi.callback("int(int, int)",
myfunc) . XOEARENR: EHXAFER, FRATEA W] RETE T U5HE T F B R e X 42

ffi.callback() EfigethiEZA[%SEL error, FHM CFFI A 1.2 25201540 onerror, X4~ TAE
FR G Emagikey ” g8 Python” FH.

6.9 Windows: EHYFE

TE Win32 b, AT DA A FEMTH 2976 "edecl” (BRIN), B7stdcall” (HAEFRH"WINAPT”) . ifA H
M W2, (HIX SRR Z 3. Ak 1.3 ek,

LM Python & HIAHE] C B, SCHUZIXFERY, B3T3 WA 150 A 2458 B AT —4 R 0382
Bo (HJE, WREEAEY RMEFEE BB A B o i, EH 292 e . X2 e R R A
__cdecl 3 __stdcall JR5EMN, WBAE C Fh—F:
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@ffi.callback("int __stdcall(int, int)")
def AddNumbers(x, y):

return x +y

By:

ffibuilder.cdef ("""
struct foo_s {
int (__stdcall #MyFuncPtr) (int, int);
};
SRR

YHF __cdecl [HIAZZERINE, HIULTTDAEIRE . 75 cdef O W1, #iAAIDAGEH WINAPT ff% __stdcall
B3, W TR, BILPATEE (HASZEHM) 4F cdef O HpEIH—S% 3 s BN WINAPT 5§
__stdcall. (QISRf#f] ££i.addressof () aXISAIILRREIIFE4T, oK MEE extern "Python", {4KH[
EFIZES. )

SRR 2 DA B S E 32 (7 Windows DLSMIERT T4 L #5020

15 1.3 ZHif) CFFL A, M 2 UEIIAF ek il 78 APT &R, GR] AR () [ HoR M e, ik
X T =17 ("example_build.py") — 7R Gl—FE, 18 ABLBIR FIEEMT stdcall [ .

6.10 FFI 00

(FFI % O0MSHOHE F—0l.)
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* ffi. NULL
* ffi.error
* finew()
* ffi.cast()
* fi.ermo, ffi.getwinerror()
* ffi.string(), ffi.unpack()
* ffi-buffer(), ffi.from_buffer()
* ffimemmove()
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* ffi.offsetof(), ffi.addressof()
* ffi.CData, ffi.CType

* ffi.ge()
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* ffi.new _handle(), ffi.from__handle()
* fi.dlopen(), ffi.diclose()
* ffi.new__allocator()
* ffi.release() and the context manager
* ffi.anit_once()
* ffi.getctype(), ffi.list_types()
— ik
R

* Unicode F 553 A)

7.1 FFI &0

EANREILR T BATEE D 0 FFP XA "FFL7 Fo "CompiledFFI”, iX AAr R AR IE ¥ 4800, 42 RGN out-
of-line 423, W 2313 CompiledFFI 3t %, BAEXHE cffi. FFI() %1% FFI 3 %. 5 CompiledFFI R,
FFIT XA R T Hbor ik .

7.1.1 ffi.NULL

fi.NULL: 2% <cdata 'void *'> & & NULL,

7.1.2 ffi.error

fi.error: f{E&FEIL NS % Python . (RERFES ££1i.errno iRiF. )

7.1.3 ffi.new()

ffi.new(cdecl, init=None): HIEFEER C i FHKAELFIFF R HE 1 ERHEE . FHEMR C iHE KA
AURARET AL new ("X +') Zpfil—A X HRREl—MEEEREEE, 1 new('Xn]") 22— n 4 X 1Y
BRI A5 EREA (B EZBRIH—H T, siRE C F—4). LU LA new('X[1", n)
KA BEARF RN n R, S P HARABARIR AR TR0

Yk <cdata> XTGUHE I TERE B, REREBONAE . Ba)iE T, IR B <cdata> X RIPA EH5 KA cdecl
AR XEWE R BT R ARG IPRAS, SUnT DAGE A R aa g, (EOR AR IR 6 . Rida %52 il
B AL Ty I AERT B NG, BINsE A S — g5 . J4h, XERER x = £fi.cast("B *", ffi.new("A
*")) B x = ffi.new("struct s[1]1") [0] XAEM—ATRH R B/ ELrr g HyE I B2, P e 7 B
FERL, x RBIRAS R, ME— R DUX A E, X T8 MR Fe s A dg i B &2 2 a5t A — MRS
B AE p = ffi.new("struct-or-union *", ..) ZJ5, R)5 p or p[0] i WIFARIFIEBIIRE .
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FEN TSR AR AL EZ BT, R I A g B O ZIE) . A KRR, WS Fffinew allocator() DA
KRB ARFAIIR L AT 515 -

ek 1.12 weh#rshak: B £fi.release(),

7.1.4 ffi.cast()

fii.cast(”C type”, value): JIF C i FHH (cast): REIE MG EMHEAIGLIIGH C IEFH LA LB
PAHAEAT AT B B T 2 [ e

7.1.5 ffi.errno, ffi.getwinerror()

ffi.errno: MILEAEHIRILH C IEF MR errno MY(H, FHE LR CIEFAM. (X212t
A JEME. )

ffi.getwinerror(code=-1): ¥£ Windows I, & 7T errno Z4b, FKATIRTE K EH FH F AR~ 1E K B2
GetLastError () {H. MR LA IRIE/EHTTH (code, message) 1k[H], 75| % WindowsError B RN
el Python BRI BEIHE . AR SEL code, MPRFZARDAE XA NI RN AZ M GetLastError O (MU
FFZ A A AT B A2 GetLastError O Hi%Y)

7.1.6 ffi.string(), ffi.unpack()

ffi.string(cdata, [maxlen]): M’cdata’ i&[8]—4> Python F£FH (8 unicode F4FH).

o W cdata’ B PIREF AR ST, WER LA null £5RBAFAFE . SR B AT R R B R 5]
BT FRF. ‘maxlen’ ZHIRHIIRATER S FIFWEEE . WF cdata’ &4, AP4 maxlen’ Bk
IWHERKE. 25 N ££i.unpack O DASRBUREE 5 — AN FAF 0 k. Python 3: iX 43R
[l—A bytes, M ASE str.

o fXcdata’ j& wehar t PFFREFEERA, TR [BEEAH [ AL unicode FAFER . MR 1.11 Fa4F
fg: MPLSE charl6 t B% char32 t,

o G cdata’ 2 BN FAFEF IR wehar_t 5 charN_t, WPRFHAEA ST FAFRE unicode FAFHR IR
M. (EHE, FERMELT, B4 wehar t o char32 t AJREFR K E A 2 ¥ Python unicode F4F
Hio)

o MR cdata’ @A2s, WIREMZSEENE A AR ] o ANSRAZ A R, ) R el A R e
ffi.unpack(cdata, length): {25 E KEWN CiEE PR, &[H Python F4F5/ unicode/list, ’cdata’
Wiz — ekt MR EEH, W ekt AR R E. AR 1.6 P ay#T e,

o MR ’cdata’ @fim char’ BF6EE, WHRE—DNFTFRR . EARIES DB EAE . (— D58

F{ks £fi.buffer(cdata, length)[:], )

o WH cdata’ g wehar_t" BF8EF, NIR[E]—4~ unicode F4FH . (length’ PA wehar_t FE0E T
B EARAFI RN RN, ) R 1.11 o434k WrTPAZ charl6 t o char32 t.
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o N cdata’ AR HAAEM N ARTEE, WHRIESEE length” F95IE. (— M ITERZ [cdatali]
for i in range(length)]. )

7.1.7 ffi.buffer(), ffi.from_buffer()

fi.buffer(cdata, [size]): J&[E— NG IXXTS, X451 4 & cdata’ $ 1 154G C Fidl, AR N size’
F7. Python " —MEp X7, S EMEMMULE" KR KB ORNE”, B FRn—HEENT
FIXTG, W DMEIB L4 Fh Py BB s A X 28 P R AT DAE G B A R N AF B, TORE A5 L .
‘cdata’ ZEUNMAEFREN BB . WRAKRIEE, FhIXIK/INE cdata F8IRIG K/, BUEEBEH A KN
PAR & buffer() 5 H B 7RBI:

o fiff] file.write() Fll file.readinto() FXFEHLZEMIX (T DA dEHIBFT A9 SO )

o HEHLEMIMNE: W p 38— cdata, {fi[f] £fi.buffer(p) [:] = newcontent, H:H' newcontent

B NFH N4 (str in Python 2),

WicHE, #gE CIES—F, &AM array + index SRAREUFSIEAH N RT|HIWFEE . (FE C iR
T HEHE H AN S &array[index], [HiIX2%MH. )

R R RBURN R N E buffer , W2 memoryview ZRAY, [F X SR API 7E Python Jii4s Ay
R, IR, BT SRR REN 24, Bif AL Python APT (Python 2 ff) buffer F4E. ):

o buf[:] or bytes(buf): KRHHRE ML Zoh X, REIFH T FAFER (5 buf [start:end] ff28—4N
1)

o buf[:] = newstr: REFEE HFNZ X (2 buf [start:end] = newstr)
e len(buf), buf[index], buf[index] = newchar: Fh—&FFLF51 .

ffi.buffer(cdata) RMIHGM XX R cdata MRAFHEIPRE: WRERYZE—MIAH cdata, A2
REG KA TIHERE, ERIA WA 2 B0RIL

Python 2/3 FRZEMEVEH: ARV IZEEG M str(buf), PEALE Python 2 Hil Python 3 2 [E]7 4 A —Ei 45
o ERMT strO EFHMTHFARH LA IMA—ZEER) . WBUN buf[:1.

WA 1.10 P eyFr o he: ££1i.buffer FUHF IR IR ZZ o X XT S 2EAY; ££1. buffer O SEPr LR A T H b8

ffi.from__buffer([cdecl,] python_ buffer, require_ writable=False): i [1]—/> cdata 20 (BRI
LR A <cdata 'char[]1'>), $§[H% & Python XfREIE, R RAH LFRZP XD HHEE, £fi.
from_buffer () Y@ Jf| Python ZEi XX 44k cdata ¥4, Tfi ££i.buffer () HATHIRWHE. FiiH
THEEER EHA A A R .

ffi.from_buffer() AT WEKREBRIGEIRHIXTS, NFEFTEE (bytearrays) o, array.array o numpy %X
H, ECHRFIHE %0 X API (£ Python 2.x H1) FIHTH) memoryview AP, 1§VER, WAL % H g2 o (XX}
%, WS HPAFH ML <cdata 'char [1'>; QIR IR G0 XA B, IRABA THEAEI RS .. 45
&, RERBIGHTT $
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M ££i.from_buffer O R cdata MRATIHIRE, FIEHRM SR SPIRES OF AAE AL
W OL T BEBIE) »

—AHE I BRI — A — 280 ¢ BRAL, % char * {5 [H—> python XFGRAHEZENIX; X F X Flis
B, BATPAE R ££1. from_buffer (python_buffer) {E NS EL ALV .

KR A 1.10 ¥ 8937248 python_buffer AJ DA FHF buffer/memoryview % AT/ 4PE (unicode F4F 5[4
Ao VARG, L7 BUARKUA SRS bytearray X5 (/N0 WARARIEE bytearray [ R/ <cdata> X445 10 Fe
THINAT); UAS 1.8 R A ERRA S RF 1 2407 5

WA 1.12 P ogF has: U T iR SE — A8 cdecl I REEFSH require_writable:

o cdecl BRIAK "char (1", &R RIHZERAE E AR EEHE (N 113 UARFFLR) #8568, 4 "int (O
ERERERR R o] — R T AN R AT, HAR BERFRCE Nl A b KB BOR . (A SRRl 4 AN 1
M FEA). % "int[42]" 3 "int [2] [31" XFEAPELRFIR [0l — AN IEAFh 42(FH T 2 36 3) BB 4L
A, WMRFH X K/PNL5F] % ValueError, $57E "int (1" AEHIHCY pl = £ffi.from_buffer(x);
p2 = ffi.cast("int *", pl) [EPXHIET, HE p2 MM, IHARTEZRES pt G5, BAH
A pl RIFFIGZE python XZIEEIMBIE. (F35h, ££i.from_buffer("int[1", x) FEHE T HIFAYEA
gEtit. )

WA 1.13 P #7 Shhk: cdecl W DLZIREF R, REAR M — N EIA, WA DAMR AR — 5 S
p-field M2 pl0].field. EWAILAYTM plnl; n R, EXMIEILT, CFFI ALXPATIE(TN
A, EER, plo] AR TP IXIES) (AR ££i.0ew()).

o QIR require_writable iXE N True, NAIRM python_buffer fRiZen X @ KLy (BN, 4k
python_buffer 2 F A Fef) . WIRKECH R, BPIn a2 A RAR G5 LR), XT3 XA 4R
Vi, EFf Python MRATAE(L, Fr ARSI . (TEMAS 1.12 Z /i, B SCRT DASE BUAH [ 2R 1A
fi ££i.memmove (python_buffer, b"", 0). WIRXLZWEN, XEARER, HURE & HEEm, W
SR, ) iicfE, CFFL AL C X85 const: HIfHACK; require_writable ik N False,
BAPRAGREIA LS cdata $55.

WA 1.12 o4 hak: B £ffi.release(),

7.1.8 ffimemmove()

ffi.memmove(dest, src, n): Kf n PNFTMHFERIE src &2 H1 B NAEXE dest. WL RTRIHIT. 52 C K%L
memcpy () 1l memmove () [JE A W fEE R, XX PAE S . dest fl stc HHAJEE—ERR A
<& cdata F8EF, HA] P2 32 buffer /memoryview $ i) python X}4 . 7E dest HH N T , buffer/memoryview
R B Ak 1.3 P as#r k. B:

o ffi.memmove(myptr, b"hello", 5) K b"hello" [ 5 NFIrE #l3 myptr +5[n )X,

e ba = bytearray(100); ffi.memmove(ba, myptr, 100) }f 100 FF5M myptr & #il%] bytearray ba
e

o ffi.memmove(myptr + 1, myptr, 100) Ff 100 NFI5M myptr BINFEE| myptr + 1 BIINTE.

1E 1.10 ZHiFRAH, ££i.from_buffer () XfZZnp XAZRAIA PR, XifS ££i.memmove () I,
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7.1.9 ffi.typeof(), ffi.sizeof(), ffi.alignof()

ffi.typeof("C type” or cdata object): & [il 5N/ M FAFFATIN <ctype> RTINS, 3R
cdata Sy CEERE, BH, EORTEIT IR HE AR b BRABIE <ctype> M5 [LTHZ C %
A7 AT LB ER SUARATHG ctype XH% (M TSAFRIOLEE, FILICH EF PRI, &
TSR A AE T, It

def myfunction(ptr):
assert ffi.typeof(ptr) is ffi.typeof("foo_tx*")

WEER, NFAFER "foo_t*" F| <ctype> X R\ MEAE— L N e b o IXAETT DA O R A —4
<ctype 'foo_t *'> 14, BLILE T is EHADRHACE . B RFIONH IERME 9. K, Tl
ARELI MG R SGE IR RIRAH . F, R, AR A K ERFAE (A0 " int [%d]"
% length ) R LA, WAL AME—RZAFI

ffi.sizeof(”C type” or cdata object): PAFFNEANRE S K/, SETPAE C B8, Hafpl2
cdata X%, g CiEEHEN sizeof FAF—H.

XTF array = ffi.new("T[1", n), #R)5 ffi.sizeof(array) iR[f n * ffi.sizeof("T"). ja K 1.9
A o A AR BN T A R B T AR K AR 26K . TS, WUR p 1 ££1.new("struct
foo *", ...) JEIE, W £11.sizeot (pLOD) LI HAEA /I, AELARIRIA S, & FUNTFARI ££1.
sizeof (ffi.typeof (p[01)), X & ZMg Al 22 K/ I AR /N e (GEERE, I T RI5F, ££1.sizeof (p[0])
A HER BN ££i.sizeof (££1.typeof (p[01)) WIMH. )

ffi.alignof(”C type”): 1RIHIZHH) H AN FF RN (AFATNERLL) . XY T GCC iy __alignof__ 2%
e

7.1.10 ffi.offsetof(), ffi.addressof()
ffi.offsetof(”C struct or array type”, *fields_or__indexes): i[04 E F B4ty PRI & . YW T C
15 R offsetof (),

EMREEMPEIT, Sl AA BT B A FR . FETREM SRR OL R, 30 ] AR {65 K T %o
N EUE. Bl4n, ££i.0offsetof ("int[5]", 2) SEFWIANEENII/N, HRW. ££i.offsetof ("int *",
2),

ffi.addressof(cdata, *fields_ or__indexes): #124F C &5 FHI'& BHLF

1. £fi.addressof (<cdata 'struct-or-union'>) jR[E—4 cdata, T EFEm MR EESITeEE. &
[m 55T HA 2 JRIRH cdata MR AF/REG MR T S EHEM ££i.new() FIGHT, TEFLEE LR SR
.

2. ffi.addressof (<cdata>, field-or-index...) &[0 45 S5 BB b i) BE B B4l i g bk o X Tk
BEWEE, S AR AN FEERT I AEHEER . &, £fi.addressof (array, index) tLAJPAFRIR
>k array + index: £ CFFI f1 C WL 2N, Hrp &arraylindex] HJ& array + index.
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3. ffi.addressof (<library>, "name") MZy7E PR GRiR n]4i5 i bR Rk 42 R AE S AL . 0T R, BaR
[~ 5 7 1] BB AR AT I AL edata SR

R, 2060 1. AEHTHRBUERSIEE L, 1 R AEH TR s A . SCHUERMBEME, FA R
B L5 A AE N AT A BRI 238 5T . WUERARTE Z— 0l ISR EE C 155 int, oMl ££1.
new("int [11"); [AHE, XFT384t, i ffi.new("foo_t *[11"),

7.1.11 ffi.CData, ffi.CType

fi.CData, fi.CType: FEACRYH AT FFRN <cdata> il <ctype> HyXF4 ) Python 28, 3,
LY cdata X4 SEPR E R RERZ £fi.CData 1128, - H5 ctype 25, WIEN1ZKH if isinstance(x,
ffi.CData). [tAh, <ctype> XfZHAHFLNHEEME: kind fil cname FJEfFFE, MIEEAIEE, EIIHE

T]HEA item, length, fields, args, result, ellipsis, abi, elements fl relements.

WA 1.10 P oy#rshke: ££1i.buffer BAEHIE— 4P £ 10,

7.1.12 ffi.gc()

ffi.gc(cdata, destructor, size=0): & [a]35 [FIAH[FEHETHT cdata X5 . FhfG, 24XAHY cdata X5 857
Wl Sy, # A destructor(old_cdata_object) . M¥E/RHi: ptr = £ffi.gc(lib.custom_malloc(42),
lib.custom_free). {HyER, £fi.new() RPIZLIFIXIS, REIFFEE XS EG AR, XEKE LB
BRI R R bR e, s A i ek

WA 1.12 iy shak: B £fi.release().

ffi.gc(ptr, None, size=0): MR} H AN ££1.gc RIMMXTRIPTARL, FH HAESIOARRA 28 AT
FIRREL . A RAEAMAE YL, I HiZR R[] None. maA 1.7 Fa9#7h4k: ffi.gc(ptr, None)

VTR, XTI VR i o B ££3.gc O, BH (o 18T 1.11) FITRMAEAL. 7 PyPy FJuttan
B B GC RERGERY prr 450 WERE SR, AT RS0, €4 2887 GC (W
ST A AR BB S A THT OB K . 7 FL, BPRIACAE PyPy S0 (TR, SOx T C
HET R BT A P AEK BB, W I X __enter__O I __exit__ () JEAE %
S, TECLRIIN U RRIRERE C V3 2080, JH2E with AR S, 12 off 112 1, 50 ££1.release ().
WA 111 P a0#ARE: size AL, WIRGTE, IR prr BEFEEINOIN (DNF54 ) HORETHE. %
B R E S, Rk T R, size M PyPy LB, 4 CPython |, %)
FRA LSRN T, (AR T il AR B AP S 053R3 ] | GO (B CPython [/ 31105).

AT ABE A 17 size A ££1.gc(ptr, None, size=0), DMAUGHfHE. (HECARIRAMPEIY: HIH MR
B, WRSATEARRS. EHAMET K GC FHARE R AT

TR, WREAZA ££1.6cO XG, WRFLARBHUGFH A AT H R 4. AR TR ENF, S
e 340 HIIFiE.
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7.1.13 ffi.new_handle(), ffi.from_handle()

fli.new__handle(python__object): & [n] void * ZEZU[YI|E NULL cdata, HH &%} python_object HA
FAGIH o AT LKA G C B EC HAEHE] C BT 45 . A5, A LAEH fi.from__handle(p)
MEB M void * F8EMHUE PR R UG python_object. iAM ffi.from_handle(p) Tz, 4= new_handle()
BB cdata 3t 2 RRIFEFIRE, NTReLmix!

152 R TS ) ik 1) o
(ARARAEFNIE, XA void * j2Aig PyObject * $5%f. T8, XX} PyPy {&AE X, )
ffi.new_handle()/from_handle() M¥LfE #EA Fig TAE T UWIT:

 new_handle() R[4 Python X4 5| {1 cdata X4 IATRFEMIGEIM N AR cdata Xf5, XLk
IR cdata XFRHE void * {EZRENLAEHZME—RY.

o from_handle(p) #ZRFIA M FMi"cdata XI5, PABRTGFSH void * ELAAMFEIL p BIXIR. S5
ERIHZAN cdata XI55 IR Python X4, WERBEAHE], WM REXHTTH (RIHES).

7 A7 cdata X Python XFRAARHEINRE, KT ££fi.new & [\ — D —H N AALRERE SR
A cdata K4, WERAIHE cdata XF4AR BORFIAEAE, WX void * -> python_object KA, T
from_handle() ffHRTH .

W 1.4 ¥ 69#T 5% : X new_handle (x) WPHIKIE I ARUER Bl EARIE void * {E cdata XF5e, RIffifii
FAF x Q2. 32— HTIEE, TR DA N B2y i R AN W A W ARAR TR EREE A9
W7, EEIFEORRECE, (B HAR Python smifiine, MAmBHSHE addO F—M4H
. FJER A global_set.discard(p) FJ/5 ] PAIEIL p AATAT cdata X5, H: void * {HHCEIFISE.
REmR Bl BBARA —A C ilEE, RUARA—1 1ib.process_document O BRI I —LL[a]if.
process_document () R ECHCHR 0] 1A void * SEAHEE. ARG HETIAER void *data &
BRI . FERX RPN, AT MBI AESE I (out-of-line APT #22X):

class MyDocument:

def process(self):
h = ffi.new_handle(self)
lib.process_document (1ib.my_callback, # the callback
h, # 'void *data’
args...)
# 'h' stays alive until here, which means that the
# ffi.from_handle() done in my_callback() during

# the call to process_document() is safe

def callback(self, argl, arg2):

(@3
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(8:EW)

# the actual callback is this one-liner global function:
@ffi.def_extern()
def my_callback(argl, arg2, data):

return ffi.from_handle(data).callback(argl, arg2)

7.1.14 ffi.dlopen(), ffi.dIclose()

ffi.dlopen(libpath, [flags]): $TFFHRE” A" 1R <lib> XL RIS . S0 HES I Ak,
ffi.dlclose(lib): I 3] ££i.dlopen() iR[AIH <1ib> XfH,

fi. RLTD_ .... #&: ffi.dlopen() Minii.

7.1.15 ffi.new__allocator()

fli.new__allocator(alloc=None, free=None, should__clear__after__alloc=True): & [s]—~H )5 H
aro AR, HATAHEMT ££i.new() , (EAEHEEAEAYINIL alloc Fl free pREL. WA 1.2 T a7
T REo

alloc() /&DA size fENME—ZSHOH K. G0HR F23{E, W5| % MemoryError. )5, @14 free AN /& None,
W allocO) METRIENSHIMME . P ATIAR Python A, WITDAHIEE C I & kL. RN
A free j& None, WIAPHIREM AL AR alloc Hl free #ly None, NI HIERIARY alloc/free ZH . (Ht
AIE, VW ££1i.new(xargs) % [T ffi.new_allocator() (*args), )

A4 should_clear_after_alloc % & N False, NUEE alloc ) R[FANIFECWIFE (B R SR

BEF); B0 CFFL 2iFERE. Bl b TR, WERE ££1.new O SROBIKAFFERL, (ERI4A A A RS
RYIAHARES, AT PATRAT LA #

# at module level

new_nonzero = ffi.new_allocator(should_clear_after_alloc=False)

# then replace p = ffi.new("char[]", bigsize)  with:

p = new_nonzero("char[]", bigsize)

RS DUl FealiE T (EAMURT) PyPy 5.6 iR HRA (PyPy > 5.6 221 Uil £fi.new()
5 H & XA FLAS R [ 1) A FE; CPython A5 40 . AREHAT T REM 2B, A2 50 TCVE PR i RE
AT« AN SRR AR AT S B R (BN, HE 4 FL B8 22 AT 1) , DU R[] B3 £ new () il new_allocator () ()

TR ERAFEHIFEA C 155 nallocO fil freeO) W%, i1 mmap() I munmap O XFEHIAEMK. &
Jai, AT DARE R A ) CRORE O A RO BN, KRS EBI LA #Y ££ibuilder. cdef ():
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void *malloc(size_t size);

void free(void *ptr);

SRIG TSl X A R A

p = lib.malloc(n * ffi.sizeof("int"))
try:

my_array = ffi.cast("int *", p)

finally:
lib.free(p)

TE offi BAS 1.12 /) @ sEn] DA# ] ££1i.new_allocator () {H2{# ] with if4) (55 H ffi.release())
SRR ThAE R R B . DA AR T AR

my_new = ffi.new_allocator(lib.malloc, lib.free) # at global level

with my_new("int[]", n) as my_array:

Warning: HT7E7E4S1R, p = ffi.new_allocator(..) ("struct-or-union *") H[HEAESG p Bk pl0] fif
INAEARFRE SRR, 20 )5E T8 Y ££1i.new("struct-or-union *") Z)filgs. TEFLEIELM T, Wk
51 plol, MR N, JEERZIZMNAEH T ££i.gcO, HHIATE ffi.new_allocator() () ML
PP X AT BELAERER I A B S .

7.1.16 ffi.release() and the context manager

fli.release(cdata): M ffi.new(), ffi.gc(), ffi.from_buffer() B £fi.new_allocator() () il cdata
MEFREATEE. ZEAASHIH cdata X5 . cdata XTI Python #44 e BOREAUH [ PR, {HIX
VIFEC NI TR, AN TR R I A AR A B SR . WA 1.12 P a4 37 e

ffi.release(cdata) M4 T cdata.__exit__(O, XEMRE LW PAGEA with 15A) RH (R TE AR R
cdata, (FEHAS 1.12 K PA I):

with ffi.from_buffer(...) as p:
do something with p

RORTEAER, 1R FiR:
o XTTFM ffi.gc(destructor) RFEIHINTER, ffi.release() R-FH ORI destructor.
o FEH A RLAHR B S L SERIVE A A L H B R L.

e {f CPython I, ffi.from_buffer (buf) #iFESZ M X, KA PAMEH £ffi.release() FE T HNIE] R4
T. 7 PyPy I, WHSE (BB MIE); £fi.release ) MARAE T MREEE:, B cdata X5 {5
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FRESIPIRAS, AR IEUR G X RT3 [0

o f£ CPython b, XAJrik*} ££1i.new ) MREIFIXIGAA LW (BIHFCAIL), PFEANAFES cdata X
LNBRECH, ANREMSIRER. ATRESTERF R cffi AT BEE.

o 1£ PyPy I, ffi.release() ZRIFEIK ££i.new() WAE. BIEAM, BN NIERGERHESRRE,
B F—k GC KA. WAREEH £fi.new HEKENFH BAEH ££i.release O HEIKENFH
HAMH], PyPy (>= 5.7) 2 HMEHITTH GC PASFTHME, LA S AR R R AN To
winff; (2 XA £fi.release O WiZiB AL GC BATHIMIH RS FERE -

1E ffi.release(x) ZJ5, NEFMH x FEMAMEM N 1ENIBNE—AE145, G0 Ak 5E 2 A] [F] )
cdata X4 x ZIRKIJE ffi.release(x); HB—~2 J5 I Z 1,

7.1.17 ffi.init_once()

fli.init__once(function, tag): izfT function() —ikK. tag WiZEFHBEEMFEIEN 2, WP
function O XFEFKATH—IRKFEE| tag B . function O HR [FMERFHE 24 il AT A FF2£ 1) init_once O H
M AR CICAE IR 1] QSR M AR ATVE ] init_once O NG VB #E A PH %€, H 4T function()
Fiko QR functionO) Hl&kRH, WREHRE, HHASEAAAEMNE (BIQERIA TR T 5 H R =il
init_once(), FFRIHMH function(. ). lRAK 1.4 PayF k.

1

from _xyz_cffi import ffi, 1lib

def initlib():
lib.init_my_library()

def make new_foo():
ffi.init_once(initlib, "init")

return lib.make_foo()

WRCAVIH T functionO, N init_once O ML NIEFE Yz, (FE PyPy b, WA KhE
JIT 5@ 2R e A= B ALEs A T T A N2 . )

527 init_once ) MI—A4 il E#r AT ZE M F "subinterpreters” ) CPython M2, W5 H M2 out-
of-line APT #ixX, R ATk, UM —IK function O, I H AT FiRER 2 1A) 2 SR [H]
. HARREESN) cpython C § @R init A S HPdT—Ik, RIEA Fifees. 76 sl
Hr, C pR%L init_my_library O SSEH—K, AR FRRESTHIH—K. Hit, #4% function()
i) python KEIEM . (FEAEMTRSN AT AR iEtr); Mk, BE—ME, WTFEFTR:

def init_get_max():

return lib.initialize_once_and_get_some_maximum_number ()

(Fwgksr)
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def process(i):
if i > ffi.init_once(init_get_max, "max"):

raise IndexError("index too large!")

7.1.18 ffi.getctype(), ffi.list_types()

ffi.getctype(”C type” or <ctype>, extra=""): k% E C KW FRFHRRIEA. WRIES, MIE
oy FAF R (SR AT A G L N R IEROE); B DU BRI AR SR 4 PR, ] DU B A
AN, AN like " B " [5]1", filA £fi.getctype(ffi.typeof(x), "*") iR[H] C KA f5H5 x FHFEIZE
MEPFe4E PR FRRIER; I H ££i.getctype("char[80]", "a") == "char a[80]".
ffi.list__types(): &M FFL SCfI M R B4 R K05 G o] — AN & =>4 FR 91 R 1 oo 4l
(typedef_names, names_of_structs, names_of_unions). WA 1.6 Pag#r 04k,

7.2 %t

AN THE SN C BURLEH (S SHE AR UBA C i HIRSHR 43 (SR B
FESESR) I LR RS, IR S T AV T A BT
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CRE#A

EJN

1EE

HAitb##1E

IR [5]

— MR int () SR ALY (H
ARTE A o AHETEE A -

Python int 5% long, H{&
BT (5 1.10: 5
# bool)

int(), bool() /6], <

char32_t [8/

LIy <cdata>

char — A KEH 1 825l <cdata char> | KN 1 IFAFE int(), bool(), <
AT

wchar_t, —AKEHN 1 B unicode (JHREM | — KR 1 1 unicode | int(), bool(), <

char16_t, H(Byc), WMFRER 2 4) B | (AR A (foT), Wap

g2 2)

float, double | ¥ ri%iEl float() iR [FIAY{EATATE —> Python ¥ 5% float(), int(),
bool(), <
long double RUHPA long double [f] <cdata>, | —4~ <cdata>, PAEGSE | float(), int(),
53 float() & [A] HAFAR A TY EAEE (3] bool()

float — AN EEATAT complex() iR BIHAT | —4> Python &%k complex(), bool()

Complex, | T 7

double

_Complex

o HMHE I <cdata> (B2 | — <cdata> 0 4], + - bool(
Bk void*, BUAEMELA [1]

void * AL A A A T B B K A Y
<cdata>

6 26 0 (R S| S ARET AT 0, + = booll),

AR FeER v read /write

struct FE&
AR SHEEF A bool(), call /2]
A 1B ST OBT 3 —A <cdata> len(), iter(), []
4], + -

char([], un/ | 5% sk Python 48 4H[q len(), iter(), [1, +,

signed char[], -

_Bool[]

wchar_t[], 5%4H5{ Python unicode {583 4H len(), iter(), [1, +,

char16_t[], [7] _

char32_t[]

LIS FRAAMSFRSOTHS T, SME | 4 <cdata> read/write 7B
M) <cdata>

e 5 struct fH[H, Hixz A —MFE read/write B¢

[1] item * 2RSS HCHIN item(] :

TERBE I, 4 C #iiE, item * Z80Y item[] SR (Of H. £fi.cdef O NidEZER).
FI A2 ARTE AR —AS BRI, AR ARG 3 —A~ C RAURZISEL, IR —4> Python F4F

7.2. HiR
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b — char * S5 (FAHEEHT char[] %0 5 int * SHWEEINE (BEHT
int [1 2%0) . R, BEEEAA A iten, WTHFEAEKE N 1 WIIEHIEEE; FlU, struct
point_s * ZHTRES LN [[x, y11 8¢ [{'x': 5, 'y': 10},

YERAL, CFFIL i HA char * S pR%L, %8 Python EAFHRREAR S SEFRE MU A
FFECH, HE AL Python “FAFRXT R NMTRE. (FF PyPy b, XM ILIFE PyPy 5.4 F
CFFI 1.8 Z )54 H. )

(2] C eRER IAE GIL R 58 il o

TR, BAVEREE AR B Pythonh #1 Python APL, filfll, FATZ A AEE
2 E T Python S . ST LAMRIRE, (HAEBCR CFFT 5 Python.h {REAMIT . (AIARHL
XA, 7E PyPy Fl Windows S5HE88P-5 b G BEFR 2 WA UHEH R 1ibpypy-c.d11 A RETIIT
CPython C APL #e#)z; Sibs b, PyPy Ef CFFT A2 S ARIHAS B 304 #5365 1ibpypy-c.dll
o fHSEER B, AT )

[3] long double )7 Fi:

FATHE cdata MR- long double {HPAMES Z M. il Python ¥ S double
RS RE o ARAR LB RELR AR AR RSN B ML) Python float (Hl C double), #] £1oat O,
URAR TG ZR X LR AT BRI B AT AR BEIR 2%, IR75 2852 SO — & 51 C e %K, 4 long
double add(long double a, long double b);.

[4] Y1 F x[start:stop]:

HEARHf 8¢ start fl stop, AU OF EALGAEA step). B4 T —1"view cdata
XI5, EARM start B stop MFTAICE (Fdh) . BREHERA cdata (FrABIIRFE/E RS
Bagibsy C MBUR SR HE RN start JURIRED). 5K51—FE, A EWEEIER 7
K|, WTE C . EFYRRE, BEZAEMAAERY, GFTEN RS RN cdata
X%, ABRKBEEVACHL. (R, AT SHIGMARFE: FIaRR PLXAE chararray [10:15] =
"hello", {H24&EMIFAF R MAAZ LMK, WAHRMBER S E/. )
[5] AR int —FEAbH:

5 C —FE, MM LR int 252 (unsigned B signed, int B long; &, GCC W
PE/2 unsigned)., B0, SEEESHARS B R BN AL, BRAEMEML LR B ATTRIME, TEAE
M if x.field == 1ib.F00 ZRMMM. WRIREMBERENMEMEA TR, WHH ££i.

string(ffi.cast("the_enum_type", x.field)),
[6] JElf cdata A bool() :
Wk 17 oo, FEONHIRIA Y, TR X TRE, EMURE Tre.

N A 1.10 P ag#rshae: CiBE 2% _Bool H bool PI7Es4l Python i/K{H. W C _Bool
B EAE T 0 H 1 AfE, MR (XAERAE C spil AR e AT R; WERARE R 2
MR T BRI, AZAE CFFLiRMH _Bool). MAh, MFITFAFH 4N _Bool (] i,
HEEZ57 \x00 1 \x01,

[7] libffi AN SEFER
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We A 1.11 P ay#rshat: CFFI BfE 3 S HrE 50. (B, libfli & .. XEkE CFFI Lk
A IS5 ek 1] complex 87U C %L, BRAFEATE M H APT Hi.

[8] wchar_t, char16_t #ll char32_t

W2 T Unicode 555 17,

7.2.1 ZTFRXH

R A FILE * Z450] C k%, A Python ST EAT. WRTFE, IR DX c_f
= ffi.cast("FILE *", fileobj) #RJGf&i# c_1,

HIER, CFFL @l RS A I AR — ai e AR ATE B ar s i ek, WHTAI L2 I A FILE .,

LA RLZXT FILE * i BURRIR SCRE . MR, AT A fdopen() AbPREEHIH (1A AL FILE * cdata
X4, W Fs:

ffi.cdef('"!
FILE *fdopen(int, const char *); // from the C <stdio.h>
int fclose(FILE x*);
Y
myfile.flush() make sure the file 4is flushed
newfd = os.dup(myfile.fileno())
fp = 1ib.fdopen(newfd, "w")
lib.write_stuff_to_file(fp)
lib.fclose(fp)

make a copy of the file descriptor
make a cdata 'FILE *' around newfd

invoke the external function

H R O OB R

when you're done, close fp (and newfd)

TFeVe AT, X FILE * f4FIASCHREAE CPython 3.x Hl PyPy PAZRMIR Iy NsE B, PI2hiXLe Python SEBLHY)
A A RET FILE *. XFAIUE AR I 5 2 2 .

7.2.2 Unicode SHRF3EHRY
wchar_t 7 5K 2 P& BAAMFEMES . G, 76 Linux b, B2 32 (4850, (H2, char16_t
M char32_t 7 (K 1.11 Faydranae) AR TS,
TR, CFFI U X IAEAN 71 Fp p & UTE-16 5 UTF-32 747, HERYIbiL:
o f&i% char32_t fu# UTF-32 ok UCS4, &2 unicode B{i;
o f%i% chari6_t f 7 UTF-16, B UCS2 ffLse (f97T);
o {Ri% wehar_t (8 UTF-32 5 UTF-16, HTHLFRFGE IR 4 502 5T,

X2 K, CHEFERAUMH. Higlh, SIEFFERERER C 155 T AEH H g —Fh B R R S W
RKH., KRG, BHREACAHE, B, 1€ cdef O ] wint32_t M A char32_t , HFahiy@
uint32_t %4,
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Python A& & 0] PA{# ] sys.maxunicode == 65535 Bf sys.maxunicode == 1114111 (Python >= 3.3 1% 2
1114111) . X8 7RI AEH 2 (X2 % 16 77 457, Sebr EAGR—AMERT 65535 ByRLAL). AR
#51) Python J& sys.maxunicode == 1114111, HPAE A ATERHER unicode f&47; M Python unicodes %%
#ely UTF-16 i< Bafi AREE, FEAERAe Iy B 3 ER . 75—, WRIRAY Python /& sys.maxunicode
== 65535, LA B —Frz: M Python unicodes 4ty UTF-32 Iy LMl A, FHAERAGR B HH s .
AL, ATEAAE RN VEEE I A #E 7 AR 4 o

WYEE, AR¥8& Python [(NFFE/R. BN, £ CPython >= 3.3, BRHMEH 1 8¢ 2 50 4 45802, AR
T FRFR LR EMNZ . A CFFI, 4 Python FATFAFRZ AN charx 1) C AT, A
LR A SR FeEr, MICTRIER S H2, BT NHERNAEL, [ unicode FEAFHR S
Al wchar_t* / char16_t* / char32_tx JEBUICVESE MAHF O EAE. Bk, N TR, CFFI B2h
unicode FAFH A EL—AMIEHT X

iy PIE, WSRARPF char16_t fil char32_t 5 set_source() —@ffifl, RAMAAR 1 O HI2EAE R
ML, set_source O [ CIBF A P RAN. a1 #include WAMHENINE, WFEIHEAT, #
wm, R C++ 11 . BN, EFFEAE Linux EJ}] #include <uchar.h>, S EEMHIZEMLT typedef
uint16_t charl16_t; )ik, X AEH CFFI B35, B4 uchar.h NG rhniE, aREAUE
HEZE X, 5 L typedef 2 ffl .
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5 N5 K ARER

Contents

o 5 Foy AR
— ffi/ffibuilder.cdef(): 7 #H &7 Fo i 5
— ffi.dlopen(): vA ABI 2 X o3 %
— [fibuilder.set_source(): %n5 oul-of-line #23k
— ik C HmiF BTG
— ffibuilder.compile() % : %4iF out-of-line F2Hk
— ffi/ffibuilder.include(): &3 %A~ CFFI {0
— [ffi-cdef() TRH!

— 13X dlopenC B

— ffiverify(): in-line API 2 X,

— M CFFI 0.9 #+¢%%| CFFI 1.0

W H i CFFL A = ek PUFRAS R ik . 3 rHES -
« ”in-line”, ABI Eik”:
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import cffi
ffi = cffi.FFI()
ffi.cdef("C-like declarations")

lib = ffi.dlopen("libpath")

# use fft and 1ib here

“out-of-line”, {H5%472 "ABI B8R, XGRS ARTRIRA -

# in a separate file "package/foo_build.py"

import cffi

ffibuilder = cffi.FFI()
ffibuilder.set_source("package._foo", None)
ffibuilder.cdef ("C-like declarations")

if name _ == "__main__":

ffibuilder.compile()

iz1T python foo_build.py &4 —/N 34 _foo.py, AJ5 AT PATE ERETH 3 A% U1

from package._foo import ffi
1lib = ffi.dlopen("libpath")

# use ffi and 1ib here

“out-of-line”, "APT B NEHRML THE C ZnliiA e — RO C BRI K R s A

# in a separate file "package/foo_build.py"

import cffi

ffibuilder = cffi.FFIQ)

ffibuilder.set_source("package._foo", r"""real C code""")  # <=
ffibuilder.cdef("C-like declarations with '...'")

if name _ == "__main__":

ffibuilder.compile(verbose=True)

i&47 python foo_build.py 4 Hi— {4 _foo.c HAM C FiFarr HiL i 3 ff _foo.so (B
_foo.pyd 5 _foo.dylib), T4~ C ¥ EEHL, "ATEFRETF P TA:
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from package._foo import ffi, 1lib
# no ffi.dlopen()

# use fft and 1ib here

o )5, TS setup.py B, &AL (HAL) il CFFI [ Distutils 5 Setuptools #pk. X1
Distutils ({XfF out-of-line APT #ixX,):

# setup.py (requires CFFI to be installed first)

from distutils.core import setup
import foo_build # possibly with sys.path tricks to find it
setup(

.

ext_modules=[foo_build.ffibuilder.distutils_extension()],

X+ Setuptools (out-of-line, {Hi&E I+ ABI m% APT #z; H#EfF):

# setup.py (with automatic dependency tracking)

from setuptools import setup

setup (
setup_requires=["cffi>=1.0.0"],
cffi_modules=["package/foo_build.py:ffibuilder"],

install_requires=["cffi>=1.0.0"],

FRRIER, foo_build.py /RIS PATRAT, XEWEINFET A package.foo_build HfSERs FRG1E
ffibuilder, ¥ Setuptools M i3, I Setuptools FEALMIRIESEL:

if name _ == "__main__": # not when running with setuptools

ffibuilder.compile(verbose=True)

o WERL, SulAERIUE M R A B — SRS TR (0 Pylnstaller) $§7E out-of-line #12T ii f
_cffi_backend, R NEHFAFAS B import cffi B import _cffi_backend. HHFEERI
fil _cffi_backend ({F>}y PylInstaller Hf{ hidden import”, {E3f &t 7] DAE A FAZF RN import
_cffi_backend R IFHISEALE ).

W, CFFT SEhr AL SRR FFT 28, DU (41 i /1ib Xf 4 $id 7% HYI6e . X2 4R M EIERY from
package._foo import ffi SE|NY. H—J7 1, P BN FFI 252 M import cffi; ffi_or_ffibuilder

71
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= cffi.FFIQO) 1538Y; B RAHMREKIIEE (T in-line fFH), (HEA FHFHROESINTE (W5 FFI). T
B BRI TR _foo.so B, FALE out-of-line | R AF ffibuilder M ££i; X2
R E S Ak from _foo import £fi FrfffSAYAIE ££i XfHRXFTFk.

XFTIRE A B R 2 fH CFFT AMNRRE AR FIRA AT E S A cffi 4 Python 1. (FENHER, BEAVATE
F _cffi_backend, —/~ CFFI ff#if) C ¥ A X2 M4 CFFI t04F install_requires=.. [
SIH I . R, X ATRERYF I WAL _cffi_backend HJA[H PyPI £, )

HER, WSEAE S ER: HEEEN2, M from _foo import ffi :R[|—NH C IEFHEMN
ERPIXE, EARARVRAERMEYEE (EWEA Python BUAR A T RILHIZENTRENE) . b,
b T X &R RNEAZSIN, C RARER Lib X5 @& R s, 1ib. __dict__ FERA 1.2 ZHiAR
VER, S 1ib B H— 4k __dict__ AR ([ dir(1ib) R#). X F Ll sh i
1lib.__class__, 1lib.__all__ il lib.__name__ #4201t

8.1 ffi/ffibuilder.cdef(): FEBAZEEIFOR LY

ffi/flibuilder.cdef(source): fETZER C Ji. B C FEHIEMITA R, KB, FEileRda, Xk
KA PAFE ££1.new() FIHAMRECFH L BN . ZEERT AT R s BRI & A 2 1, RN ££1 240t
— A5 B BT IR HIREL (] DA ££1i.dlopen() B ffi.set_source() PUATILERAE).

NIRRT C 5 IR (1] pycparser). MRS AREAL Y #include. EIEH NV %2 M TR A
B B AT DABSAAE A ME— W) R AR S

o char, short, int, long, long long (both signed FI unsigned)

o float, double, long double

o IntN_t, uintN_t (¥fF N=8,16,32,64), intptr__t, uintptr_t, ptrdiff_t, size_t, ssize_t

o wchar t (WRGHSZER). A 1.11 Pa4#r5hs%: charl6_t il char32 t.

+ _Bool #ll bool (M45). W C Gkl A HE SR, WA unsigned char PR/NEIIE .
. FILE. Fix .

o WIHEAE Windows FizfT, Mg XFFA UL Windows 257 (DWORD, LPARAM, 4), fji|#p: TBYTE TCHAR
LPCTSTR PCTSTR LPTSTR PTSTR PTBYTE PTCHAR A< [ #l5E ;5 S ffi.sct unicode().

o stdint.h P HABARHERGCEAL, 4 intmax_t, HEE{IMUEE] 1,2,4 5 8 FHREERITT o AN SLF
FipNEOELY

FE A A DAFEAS AT 57 75 ik S8R R iR s U A . AR ENEZER, WSk O mif
BHEAEE .
TR, LA T FRER R A RN BN (B THRLE 2 C il E g Csn]) . AR cdef
e ERE L FIRER Y~ typedef, WZNE FARBGAME. XA SXEA TS E0, B HE S SEAR v
O ER BB R, JUHI24 1% Multiple type specifiers with a type tag. HIRHHSCANM, iiRFH:
At R, )
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FIAZ KA ££i.cdef O THER, WEMMEMM ££1.cdef O WBUEMRME, FEHE in-line £

£fi.cdef O WM AT HEMIRZ— MEISNSHL: packed B pack. AL packed=True, WITEML cdef HipEH]
(TR Z5 A0S )2 "packed” 1. (WNARERFEEE packed FIdE packed Z5H, WHHEINUT A 24> cdef. ) X5 GCC
Tl __attribute__((packed)) MJ& AL, EH8E A G FBxs 75 KB — 510 R, 3
HAEIMIE, packed JEMEX FEARA M, XEWRETNIWEES GCC LM packed FrERIH . ILAh, XX}
A . PRGBS, RGN L O ik A28, ) AR 1.12 way#rdhhe: 7E ABI
B, AR AT DAL % pack=n, B n UAUE 2 BR. WAEMTFBAIXS RGN n, BT no Lk
pack=1 #YTF{%i# packed=True., X2 H T MSVC Fi¥es H i) #pragma pack(n). FF Windows |,
BOMER pack=8 (M cffi 1.12 JFUR); fEHABF-& L, BRIAEN pack=None.

R, U PAYE cdef O Wi RIS MST const F restrict (fH AR __restrict B __restrict__) ,
{EXXFIBAT I BRI cdata RERBEAZMW (MATKIEA2 2 const). FORINRTHIE 4R Se B T & .
WAk, Bk 1.8 P ehFrohbe: M4 set_source() m verify (), XWHANBREFFRFM cdef #1524 C
AT XBET C ghidsmiEd.

IR BA BN ER IS S HORE MG AR, ST — D 5eXy (BN, Windows SURY(f] SAL 18, 41 _In_
o _Out_). MAFELS cdef() B FAFER A MHIRIX 2475 , (AT ABOK AR LAG AR Ty A58 il

ffi.cdef(re.sub(r"\b(_In_|_Inout_|_Out_|_Outptr_) (opt_)7\b", " ",
DWORD WINAPI GetModuleF1ileName (
_In_opt_ HMODULE hModule,
_Out_ LPTSTR 1lpFtlename,
_In_ DWORD nSize
s
")

TIEEE, pycparser 2NZ C fENTHY, BELA TSR BIZERITIAA AR )F5 4 # NUMBER "FILE". ffi4n,
TARARIE # 42 "foo.h" JAEMZIELS cdef O WIFAFHRIYE, Z G MIMITH R, Raaidi—40
foo.h:43: JFKMAHRTHE (LA 42 WATRIESJGIMAT). Mk 1.10.1 437248 CFFI HEPRAT
# 1 "<cdef source string>" JIEHEE4 cdef O MFLFEZ T,

ffi.set__unicode(enabled_ flag): Windows: %15} enabled_flag & True, #£ C 3 /] UNICODE I
_UNICODE ;HE)‘(, %%%%ﬂ TBYTE TCHAR LPCTSTR PCTSTR LPTSTR PTSTR PTBYTE PTCHAR zEé (EI’E‘%‘]“)
wchar_t, {[IJf enabled_flag °fy False, W ES B X $E257 2, ($84]) i 8 (i FAF . (MR set_unicode()
MHRAAS TS PR B X 2U2 3, )

AN EE G I R LR AR 2 AR s BCESA P ASIRUAS, LA MessageBoxA () Fil MessageBoxW() . ‘B 7 #:M/2
MessageBox () HZHAT LPTCSTR. MR{HE & L UNICODE, PRtk f i H &4 a4 M4 F I
ARZ—, HEWHIEHK (unicode B not) ZEH,

U GE%, IEMMeE2H True A MIE. EHEE FRAESAE Python 2 1) |, ZJ5, &FHZRF unicode
FAHERVEASEON A Z FAT AT R 3
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8.2 ffi.dlopen(): L. ABI #&= 0 E

ffi.dlopen(libpath, [flags]): MEREFTIHF— LI IR BIZEMIBREI PEXT S . MBS R GEH) ABT 4
S TR A SR AT B AR, T DA F T . (MOl T ABT BEZIE ., IRBUBIRIT A C Hifassiin /s DA
KA C R S A) . WIAREN, TEZEMA T IR ABT 5 AP,

ERTLAE X ORI JE Rl ££1. cdef O FIRYpREL, B RAMBERSN G A £ /AR, HEE, R
L dlopen () fin#dss A& B 6 IE 6 4 R LT 1D BR S, AT DA BAAS cdef O SRASEAZ AN Y BR

libpath ZLEFER AL, BN AR TR (EXFREL T, BEEREMERZR, W nan dlopen H
FriR), BRESY RS 5, WA libpath 24 None, WEREIFRHE C & (£ Linux R PAR SR glibe
HIThRE). R, FE(# ] Python 3 i) Windows H libpath A £l None,

R XL T X ABL i), IR E TSR a 2R3, MASEQIEER . WA .
ANVERC ] BE S BBEN LT . 75—, APT R4, #E T, APT RN A2 (R
REAAHH S IR IR L) o

W, AR 2R A T PEX G XX BURAFAE T ££1 B, SEXNZIEX. X2l T C
BAE C PR IR BURNORE T4 %, HEE #include HARMIRIW]; (FU AR REAERE /T HHE F B A0 ANEE
B EEE, Bl dlopen() 7E C ST .

AL flags 241, £, man dlopen (7F Windows F#§Z0%). B EkAK ££i.RTLD_NOW.

BE BRI [l —~"library” XF5e, 4T LR N S8 C ] o il ORAE T BT OR B E X G o (303, out-of-line FFI
ANk ££i.dlclose(1ib), )

R WERTCEE RS, WK H in-line ABI B IHA R ££i.dlopen() 224X/l ctypes.util.
find_library(). HEH out-of-line ££i.dlopen() AFHEhPATIENE; & R B BRI SEUL BT
JZI7) dlopen() B, LoadLibrary () MR, WIRFZ, W PAMIH ctypes.util.find_library () mi{ffuf At

TN SO X MR ££1.dlopen (None) R T Windows; 24} ££i.d1lopen(ctypes.
util.find_library('c')),

8.3 ffibuilder.set_source(): g5 out-of-line iR

ffibuilder.set__source(module_name, c_header_source, [**keywords...]): 45 ffi DA4W—1 44
5 module_name [{JHPEARERE,

ffibuilder.set_source() A G A& BALM 0/, 1M H @it S H A H G A. B senl DAL
ffibuilder.cdef ) ZHiBZ G E.

7E ABI B, /RIEH ffibuilder.set_source(module_name, None). ZHETA4 i) Python b4
PR (BREWHF S A) . IR, AT C gidkes.

£ API BiX, c_header_source Z¥g—ANFAFH, RORMGRI A B .c SCHFd. E, Bdgeh o
...multiple lines of C code... """ (Wﬂﬂﬂ, r B AR S TS S \n)o XB C s RS EHE
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2 #include, HWWREMGHELZAE, BIU1AE " WHAR"C HFRBHIE L. Hine il MR L
Jf.c 3L

// C file "module_name.c"

#include <Python.h>

...c_header_source. ..

...magic code. ..

HR BRI M cdef O FEIERI. FIA1, WIS cdef O 7 int foolint x);, WREARTAE
& RSB BREC £oo ) ML, L7 4754 CPython 3 PyPy iy i,

set_source () W XRAEFSEIEN C gy X, BN EEAELS distutils 3 setuptools, Z/D4
#% sources, include_dirs, define_macros, undef_macros, libraries, library_dirs, extra_objects,
extra_compile_args fll extra_link_args. ZH 1 £/0F 5 libraries=["'foo']l A HEfE Windows |5
libfoo.so f 1libfoo.so0.X.Y, B foo.d1ll £4#%. sources je—HHIIFMEEIEIE—ENHIb.c M (LA
AL TH 2 1 S0 module_name.c H HEINMNIN sources W — NS . A1 X HAMZ W EZEE ES
5 distutils 3084,

R AL B LA K i - 2 42 source_extension, BRIAN ".c"o AU SEER ] module_name +
source_extension. Bl C++ (HIFVERE, MAAE—LEHME C 5 C ++ FeAki &)

ffibuilder.set_source("mymodule", r'"'
extern "C" {

int somefunc(int somearg) { return real_cpp_func(somearg); }
}

''', source_extension='.cpp')

fibuilder.set__source__pkgconfig(module__name, pkgconfig libs, c__header_source, [**key-

words...]):

WA 1.12 P 893 Shhk. IXAST set_source(), {HE /LA 5E pkgeonfig_libs H45 H AL FR i H
R4 5 HRFY pkg-config. ‘BUAELAXF T XSRS R, IR HTS S| B L) *xkeywords (WA
o XWIEARNIZTE Windows [A# .

AR AR A pkg-config P&y BN FIE B KW 2, WV IR R WO 7R cf£i.PkgConfigError, HIMA
DABE AT DA AR A R T 2 BV ) set_source O, (FRAEMEHLT, WISE ffibuilder SLHIVEA J7i:
set_source_pkgconfig(), ULV IZIXFEM, PASCERIAMAS) cffi. )

8.4 it C %mi¥2§H+=H

IRERE M C giias (TAPLEELY), T4
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BRIER IR RS B R BT BRI R — R EUh cdef O FHPAHEZ—A int, (B
Fbr EFRFE A long, M5 C HiiFabBEZESR.

KA HAMS R WIRAF int * SHELHE IS Tong * AR, S0l i i il 2 o

HA, FE odet O REIIIK S BOUBIRRIRERLA , IS8 H 71 13 156 SR R H R mistakes
24 R R B R

BEAh, BETDATE cdef O FPRYSAMACERMM”. .7 FEIT R, AR , AL C giFdHH SR (5 5
XL

iR DA77 SRR struct { Y VRN FET 20 A REEV D F B /B E
R AU IO . MR PRt deided BEAE . (EEVERD, GHBBDT MBI B, A RE DT ) H A
B ) ARFIAEM”. .7 19 struct FEIIERBA N @RI, (HiXRm&n): MURAIER, R34
o

BT 1575 typedef int... foo_t;” I foo_t AHIIMAA , HRSE MK/ IFIFFS .
IFER TG, (BHHE, XHE set_source); BEAEHAT verify(. ) int... WPAH long. ..
5 unsigned long long. .. BATAM A AR HEEE AU , (HRRRME I o ZRALRF IR 2L 2] Python
Y (w)int(8,16,32,64) _t 2, [EFEA MY C U, U] foo_t.

WA 1.3 P agFrh Ak TN ZEA "typedef float... foo_t;” (E{FH &) typedef double...
foo_t;”) ¥f foo_t FHIR—> float Hi—A> double; HiFdsFIHEE 4. W, WHRLE
(1) C AT K (long double TRHELE-5 ), WGHIERFRI. Hde Pythonfloat” JEAUREEN T17
TBUNIPRT L o (1A 2 SURTEE typedef long double foo_t; RAEF—H:, EIREIKIEAR
Python % &%k, M2 cdata "long double” {4, )

RFNEAL: 5L "typedet ... foo_t;” KFEH foo_t FEHINAME. FEH T APT R Ik foo_t
* M EFG A foo_t. WG] T"typedef ... *foo_p;”, EFEMIGEH I foo_p M ALK ERIA
B R, XFORHEETEA TN, XS IERELEEEIT (RZHE 0L ML CiE
FH). BRAMEALIEERENS T ER, o R CIE TR T RPN RD, FEHLL
T, MRFREEL foo_t AR ATER, M2 — MIAFIEETF B Z54; IRIGIRS ] "typedef
struct { ...; } foo_t;”,

PR YRGB AR, A LA RIEEMKE, t7extern int nl...];”
. KEEH C gikaiseill. X5 extern int nll;” A AR, HAEEBEWRE X C HiFSH
AHTERKE, HEASZATNE . XEFRZ4E84: "extern int n[...1[...1;7.

WA 1.2 PogFrhak: "extern int m[J[...1;”, B ... WA B A4EE R, A SHHLE
BAMNAAERE F . e MR B, BE o MK AN C gk i, (2 NmmK R (+
B m0]) Sk C Juikds il Ht)ifih, HABINEMYEE R ATE C M CFFT tfgEh 11, H
(AT E RS ] AZE CFFT fppA [...] IS .

HO: RGO AR T3 RO DI (SR{E), AT #%: “emun foo { A, B, C, ...
Y7 (RHAAT. .7 C S T F R R TYI. %— R emm foo { A=..., B, C
}i? % enum foo { A=..., B=..., C=... };". SZEHIBE, AT, .. ) enum BEK K
. 3 EER
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o B R RATDATE cdef 15 —f7 #define FOO ...7, ffiI{EAT RS FOO #MEH ... Eh—
AME . MR 2 SOHBERUE, WHRZAER A R ) @ e . i 45 1 static const int
FOO; FIPASEEUMHEIIROR . JEE T, PN E SRR BB AL bRy HAB R A (VR A C i
BIEVER const 5ABHZ S A, Ul static char *const F00;).

BT, 7R3 E e R H 5 S50 2 SO A28, T DAL RO ot
Mo XA, i typedef int... the_type_name; o{ A2 {l typedef unsigned long...
the_type_name;. WHERZEHMAT, HHHEER C EFRMUPMA, BUOHURBECRA. FFE, MTEA
M 5 ({# typedef float... the_type_name; B{ZE%(HY typedef double... the_type_name;. iHF i,
XA ICVER N E] long double,

TER RSB EGR IR OL T, 24 B — 1A B B/ P R T, RWT AR BRI E o SR AT R
$ void £(long) PRIAJNE void £(int), EVIRAR (BARUAMME G int MSEAHME). EM T/
BRIl C i o AFATHEAT A . LSRR AN C 18 5 R OGE 1 TR R A, ARSI T
BRACREH AL Hal, EWAE T AL R AL

MR, FATkEE, KBk . B0, /RABERF int * ZERINHZ long *, BUEEAREK
4 extern int al[5]; iRIA N extern long al5];. CFFI AN b2 bk ay i A XA MR AEIEAL (BrDA
extern long long al[5]; fil extern int64_t al[5] BARMAEMN). HPHERNLE & FREFHE Bh
FEALA

8.5 ffibuilder.compile() 2: 4§i¥ out-of-line &R

Fsu] DA DA R AN R Bk S bR AR il ffi ] ffibuilder.set_source() fl ffibuilder.cdef () %5 H.py
5.c .

TR, XN S B A S MR AR py/ ¢ SCHF, PARE RSB TR]. FERLEOLT , Joigin
R E T i S A BT TR) AR pR R BTN R %S

WA 1.8 W a4#r it emit_c_code() H{ compile() A:mify C 1&EFCHY{) 4 #define Py_LIMITED_API,
XEWETE CPython >= 3.2 i, HifibioA sl —#kfl.so/.dll, BN i%iE M TAEMT CPython >= 3.2 fiy
WA (A 2 AGE T AHE A ) CPython x.y). {Hi2, AR distutils A&7 4 — 1444 NAME.
cpython-35m-x86_64-linux-gnu.so {31, BRI AFaRHE M4 N NAME. abi3.so, miffiff setuptools
AR 26 B R AS . 3iEvERL, A Python AR EIMUAS I 740358 br b H R <€ L Py_LIMITED_API,
FIE RS AL Python. b ANy .

WA 1.12 P 8437 h 4k Py_LIMITED_API IYEtYE Windows |iE . WRARM A virtualenv, {RFFEZEEH
BOFTiAS: T 16.0.0 BURUCAN R python3.d11 & Hil 2 BRI . Q2R A virtualenv 22— HIER
W, Bl ATshgmiE C A AMER2E—4T # define Py _LIMITED_API,

ffibuilder.compile(tmpdir="", verbose=False, debug=None): 734 .py 5.c 3, FH (a2 .c)
T, M SCrE (B0E ) BUE topdir 23 H SR FEX BT AR B, FRATHE R 2 A A
if __name__ == "__main__": ffibuilder.compile(), W EHEIITEMN], XS EMTEE YFH HE P
f.py/.c XfF. (R WPRTEF A set_source O Wf4i& T4, M) tmpdir AHV. T HK. )
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WA 1.4 893 Thhk: verbose S, WA True, WHTEIEFA distutils i, G A0 &
1o (FERFRBIBCAR S, IWSROTREEOAE SN True. )

WA 1.8.1 043 7 hit: debug 4. WIRBE N bool, BHFFHZE M LAIHAA S C (U5, BRIARY None
PRI AL Python Y sys.flags.debug. MRAS 1.8.1 JFif, dREGEFTHYZ K Python, MIEKIA
UL 2 A C U iR, Toi s Ziife Windows ESFTIEERAE) .

fibuilder.emit_ python_ code(filename): 4 25 E W .py X4 (5T ABI £z ffibuilder.
compile O #[F], HAZEE AW drs SCM) . WEREER, WTPAKFt.py SCHFE S H O & TR H:
XFTAEA] Python MiiAs (2 5 3) #REAH Y

ffibuilder.emit__c__code(filename): 45 ER).c X (T APL #50) WA gRiFE. R EH HAM )
VRSt e, WRTDAMH], BIanan RS — BRI B RGN, XL RGN X A 3. ik
A PAGT A e SO RAR I A B AR T B ER G ECE &, BW.c SCPRAR Boim i (S RAEA R )
BAERGE BN, MEAFRAE CPython B[] PyPy, EXfseatili; Blgilud A i 41y #ifdef K
SEIR) o

flibuilder.distutils__extension(tmpdir="build’, verbose=True): H T T distutils f] setup.py X
. WRFEE, FAER topdir PRS0 .c X, H&H distutils.core.Extension Ef).

X+ Setuptools, 7F setup.py H{# /] cffi_modules=["path/to/foo_build.py:ffibuilder"] F7{t#5,
XATER Setuptools E AFFMH CFFI f2HERHE BRS¢, CFFT $i473CfF path/to/foo_build.py (5
execfile() —Ff), HAEL L N ffibuilder W HAE. B PAXFE cffi_modules=["path/to/
foo_build.py:maker"], M maker @44 N4 mek%l W ERZASEL, MiZiR[E—4> FFI XR.

8.6 ffi/ffibuilder.include(): §3H 24" CFFI QO

ffi/fibuilder.include(other__ffi): {0375 —A4> FFI 526 g AR ALE X (typedef), 45HJMAK (struct),
&4 (union), #4%% (enum) I & (const), XM T RBWH, Hr—A~HT CFFI 8 KO TFEA R
RUET CFFT By 1 rp s B ) s

HEE, BANERRAER A i 5% fiinclude() $9FRB kR 25 AN MEZRBEFITREL. T —
AP, HRIE—A ££1 X5 (WR—AD SRR, RATPAMJLAS Python SCEEHEAMER ££1 w5 24
cdef O M. )

%F T out-of-line #AEHk, ffibuilder.include(other ffibuilder) 47V % I WAL 2 A o, T
other_ffibuilder SN % &k A 71— M@ MIAH 73— FFL 52, 249004 H B A 3 o0 A i SC
A}, el _ffi.so fll _other_ffi.so, KRGS A _ffi.so FENEEE _other_ffi.so #iF A. LI,
_other_ffi.so WWLFREH]Y _ffi.so HHYSEPRFIIMHZE G .

ffi.include ) MHER C iBES T #include [ cdef HHNIEEMY, HAFEFH9—iBo v BB &7E 5 —
A v Ry R A TR SR . ASRTDATE ££1 %% (DA% L4 STHECHE 1ib X%) FEFIE
TEEFEM R RE B, /£ APL Bi5UT, SR DI ERE R RN 22 . £ ABI T, SEd
other_ffi /) dlopen() Jy¥:iR[HI )5 4G other_lib XA L% 4 .
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8.7 ffi.cdef() PRl

cdef () Fl—28 C99 W% A ANSI C F 8. (X AMIEIEA] #include B #ifdef. ) T ANHL/DAYIAE
12 €99, 5 GCC 5, MSVC 4 f:

o fTAi] __attribute__ 5f #pragma pack(n)
o HABSRAL: FFPROINIE SIE AL, ) R RAAE,

o HIA 1.11 2 cffi S7#F C99 257 float _Complex fl double _Complex, {HASSZFF libffi: BAREME
SRS EGRIEMET T C %L, RAFENTREH: APT B K%L, 564 A 3HF long double _Complex
KA (FEUPIFREIE, HBREL— LA long double MK, FHAE C ifiE M set_source()
5 0B PR AN

o __restrict__ mf __restrict 43jlli2 GCC fil MSVC ¥ . A IABHAT] . HE restrict &4
C KEFIpEZ (FZ8).

VRS int field[]; S5HIHAOLEHIBLIREN T AS K BELEH . 3y T, {4 int field[...D; SchERyFH]
B, FOR AR, (RO int £ie1dl]; MFTSIbR LRI A K BRI B Tt
DT AR, ERAs T, M CPRLACHE BN C ik Bali ki, FILn pus b % ekt i
001,45 2o M B 3 2 1 K TR T 3 DA F

WA 1.2 P agFrshae: AU REAS f (__thread), PASE NN & (#define myvar
(xfetchme())). fE 1.2 fRZ Hi, BFEIEIE getter/setter L.

TER, WRAEAGE const BIMHILTITE cdef O WAL R, CFFI LfBUE Bt — MG A& I B
i, —BOH T, —BHTEA. R ESER EAGEM CAUSTA, dTHEMER, B TiEHmiE.
TEXFEOLT , AT AR AW H A BN, /R foo_t *const myglob; MM AJE foo_t *myglob;.
AR const foo_t *myglob; &—4> L&; BHE MEMFE foo_t KRR,

8.8 ik dlopenC [

1E dlopen() ¥ HY, —28 C FEXLPr FARMEIEFMEH . K2R ARZE C EHFEASHX BN S — 1
¥ ARG LT O B S EE R B SR T, (M C IEFREWRTY, TE/ashit, a4
HIRET A2 dlopen() .

AR AR RRTES — MR ED BB S CFFL MHE R, Wl ctypes #2218 M
dlopen() il C it AT & —L@FA MM S (fE Linux ), 7] DAYE R0 26 i) gl i £ 45
)8
export LD_TRACE_LOADED_OBJECTS=all
REETRZMEE, AN KRR TRE. A XS SRS E e . RIE R 211,
WFTEE AWM BTG IRAE R, WRBCEN help TEHIA 5 AR ML ERG AL & rh 48 e WL 28 5 Y
H/INERSS
export LD_ VERBOSE=1
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(glibc { 2.1 j2) SRR ENESFAFH, WHEAIAE SRR I E B I A R A5 A
il B (B, ©i%#E LD_TRACE_LOADED_OBJECTS, m{3# O NaliSHEEFE ML T —-1ist Bk
—-verify %),

export LD_ WARN=1

({UHE ELF) (glibe B 2.13 i) WSR-S, WS AAMBTI07F S

8.9 ffi.verify(): in-line APl &5

fi.verify() X#Fm g4, HE F . £fi.verify(c_header_source, tmpdir=.., ext_package=..,
modulename=.., flags=.., **kwargs) M ffi.cdef() AW I4iFE C &S XM, W £fi.set_source()
1E APT XN, ARG RN R B Bh S EXRT S . (] — L E B2 i AR R e i 2 5 W 20 BT i S P s 1
ZH AT R H B .

c_header_source FIZi4F KEBFESEN S X5 £fi.set_source() F-E AHH[E .

£fi.verify () f— R4 BIRF A B e AR AR ARAL AU R/, AP BeAE, HF32RIFE Python
BEIE (00 P A 75 24 5 F 8 AR (Y AR ) -

ffi = cffi.FFIQ)
ffi.cdef("const int mysize;")
lib = ffi.verify("const int mysize = sizeof (THE_TYPE);")

print lib.mysize

ffi.verify () MIBISNSEL

o tmpdir % C HFCHMEIEMAGFIE. BRIEBE T CFFI_TMPDIR Ff4RAR &, EIA(E N
directory_containing_the_py_file/__pycache__ {fi[l.py XM H ¥4, ZXHEEN ££i.
verify O WJSEFR M. (XA —sBk, (HlE 5EWER.pyc STHRIAIE—3. #AFK __pycache__
ARE3H Python 3, )

« ext_package {5 il Wiz MM R G IF RAEL . IXAE Sy A BT i verify () OB A H -

o tag SHIEY AR AR A — DI TAFE: _cffi_<tag> <hash>, A IR HEHE LMY
TR B

o modulename ZE{A] I T IRl FrE iR FR, B HPR _cffi_<tag>_<hash>. /NOEH], BIANGAIIRE
A R B4 verity O (RN S A FRIALA ) (USRI AR . 2ERCRILT
AT, A PR C AP LE , TCARE— R AT A2 01 . 424 S, 545 B
HAL T #5 B tmpdir.

e source_extension 5 ffibuilder.set_source() W& AHH .

o N[ikH) flags Z# (I Windows L #iZ W) ERiAN ££i.RTLD_NOW; %, man dlopen. (ffi
ffibuilder.set_source(), ¥H{#i/fl sys.setdlopenflags(). )

o WERHEIIALEBL C GiFasiIAMI T, WA relative_to ZHA H:
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ext = ffi.verify(..., sources=['foo.c'], relative_to=__file__)

5 AT REAA R

ext = ffi.verify(..., sources=['/path/to/this/file/foo.c'])

B T A B PR R A B IR MRAE B4 sources 1Y) CRC B AR, AKEES ££i.verify O 1Y)
REFILMBSHL, (AR relative_to. [N, WERGEMIMNE AT, ERAEGIIHE 2R 1FLE K
ELRIEIIE, 8 ' /path/to/this/file' JERINAE T o 4 FTHA XA M.

TR, e RN, L H#s cdef O B verify O 1y C S, JEERRIEAX LFRFH AP
A~ CRC32 M A (B H R SC 4% . XA __pycache__ H R QIEBORBZ 1 3. BRI TE
P — MR ERAEINE M PR IS cffi.verifier.cleanup_tmpdir ) I . 83, B AT
SMEREAS __pycache__ Hig.

= NEAFH KT DMER verifyO 1Y tmpdir Z%f, M IHAS R CFFI_TMPDIR, s YEJ{H verify 2
HIAH cffi.verifier.set_tmpdir(path)..

8.10 M CFFI 0.9 HZF| CFFI 1.0

CFFI 1.0 2 JE3AR, (5 & m 1.0 HHT out-of-line FEMRE —MFFE . XEF K.
ABI iR, R EH CFFI BiH M ££i.dlopen():

import cffi

ffi = cf£fi.FFIQ)
ffi.cdef("stuff")
lib = ffi.dlopen("libpath")

4o R stuft” F5 R RUAR T AR — D HE, W% M out-of-line 12475 2552 ABI 1% X, A EEE .,
a3k, FHiES Wsetuptools % k.

API &, W& CFFI WH M ££fi.verifyO:

import cffi

ffi = cffi.FFIQ)
ffi.cdef("stuff")
lib = ffi.verify("real C code")

SRIGARIN 3% I T i out-of-line, API X, MR EE Y., Bk T 8T8 £fi.verifyO FiHEH
[RIHERL B N —LE B AN SR MR . SRS distutils 2, setuptools BEi&. AN, #icFEM setup.py HH4:
ext_package="..", XAHMFHEMH verify() HHEY set_source() FAIRE .
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DA /BRI T IR A (1.0 Z BIRAS) MUBTIASH CEFL A, ORI AMCAFEIH A ) PyPy Eiz
FrAEREE (CFFI 1.0 ££ PyPy < 2.6 TREMEH):

# in a separate file "package/foo_build.py"

import cffi

ffi = cffi.FFI()
C_HEADER_SRC = r'''

#include "somelib.h"

C_KEYWORDS = dict(libraries=['somelib'])

if hasattr(ffi, 'set_source'):

ffi.set_source("package._foo", C_HEADER_SRC, **C_KEYWORDS)

ffi.cdef ("""’
int foo(int);

|||)

if _ name__ == "__main__":

ffi.compile()

FHAE AR

try:
from package._foo import ffi, 1lib

except ImportError:
from package.foo_build import ffi, C_HEADER_SRC, C_KEYWORDS
1ib = ffi.verify(C_HEADER_SRC, **C_KEYWORDS)

(ABEFIR, XA BTy v A ] T VA AT, BB A2 _foo B, )

95— 2 CFFIL 0.9 Fl 1.0 ) setup.py AT EE AR TUAIIA R CFFL JRA, EHifiEgmiL
PyPy HH P EAR B

if '_cffi_backend' in sys.builtin_module_names: # PyPy
import _cffi_backend
requires_cffi = "cffi==" + _cffi_backend.__version__

else:

requires_cffi "cf£fi>=1.0.0"

RIGEATBE requires_cffi AARRIETEN setup O RPAFMIZLL, Bl
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if requires_cffi.startswith("cffi==0."):
# backward compatibility: we have "cffi==0.x*"
from package.foo_build import ffi

extra_args = dict(

ext_modules=[ffi.verifier.get_extension()],

ext_package="...", # if needed
)
else:
extra_args = dict(
setup_requires=[requires_cffi],
cffi_modules=['package/foo_build.py:ffi'],
)
setup(
name=. ..,
install_requires=[requires_cffi],

**extra_args

8.10. M CFFI 0.9 HZgZ| CFFI 1.0
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Contents

o 1 CFFI #4T#:
- Jiix
- Wi%L %
— 2T 18 .50 84 7]
— 1&A $ /A~ CFFI #|15t% DLL
- S5

— K

— AT R

BEATLAGEA] CFFT A2 C AURD, AU RF ey APT S BIMEATAR B 588 C AUIBHER C MR . £
HOE XMt APT 2540 . so/.d11/.dylib Y APL, sl ] DAERCR I B AR 7 RS HER E

ARER B
« ] Python S5 EHZ RS C/C++ BT
o i Python NEARWMEMIMA C/C++ FIFHIME" #HLE” LAME A1,
o fiif] Python SEBEER C/CH+ BRI —5> (M ESHER).

85



CFFI X#4, &% 1.13.2

o7& Python 454/ C/C++ s, KUl 7 AR S2Ps B2 Python SiHRYSL (R1#H
SE A AT IR T3 S H s B U Ay B I A P A7 200 1) AR

SRR

o HBIIAT Python JIAS, %A A EHERER APL 1 . S OF RTERERF 403N . so/.
d11/.dylib). ZMIAILIRML T —2L8 Python RASFE .so 17 £27,

TEIB T, C AR ML . so/.d11/ . dylib (85 . c AR ERSHEEE) , MALEEE 2 M Python
1 CFFT A iy .

YA C B, Python Bkt SATHAY Python fHS,

B2 Python UG E ST HZSLH APL 1 C %K) Python pR%L, RS MT AR C BREUA
o

XA E AR — &M T CPython C API: %4 Py_Initialize() # PyRun_SimpleString()
Z A PyObject. ‘EFE CPython #1 PyPy Fiy A =0 o

XFERSE A 1.5 Pey#dhse. (PyPy 8% H 5.0 lRASKR) CFFI 1.5, )

9.1 A&

A RPENZ, ST MR TR B o FEART, AT E R — 2. AT B X
AT AT

/* file plugin.h */
typedef struct { int x, y; } point_t;

extern int do_stuff(point_t *);

/* file plugin.h, Windows-friendly version */
typedef struct { int x, y; } point_t;

/* When including this file from ffibuilder.set_source(), the
following macro is defined to '__declspec(dllexzport)'. When
including this file directly from your C program, we define

it to 'extern __declspec(dllimport)' instead.

With non-MSVC compilers we simply define it to 'extern'.
(The 'extern' is needed for sharing global wariables;
functions would be fine without it. The macros always
include 'extern': you must not repeat it when using the
macros later.)

*/

(M ogks:)
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(8 L)

#ifndef CFFI_DLLEXPORT
if defined(_MSC_VER)
define CFFI_DLLEXPORT extern __declspec(dllimport)

define CFFI_DLLEXPORT exztern
endif
#endtf

#
#
# else
#
#

CFFI_DLLEXPORT int do_stuff(point_t *);

# file plugin_build.py
import cffi
ffibuilder = cffi.FFI()

with open('plugin.h') as f:
# read plugin.h and pass it to embedding_api(), manually
# removing the '#' directives and the CFFI_DLLEXPORT
data = ''.join([line for line in f if not line.startswith('#')])
data = data.replace('CFFI_DLLEXPORT', '')
ffibuilder.embedding_api(data)
ffibuilder.set_source("my_plugin", r'''
#include "plugin.h"
.

ffibuilder.embedding_init_code ("""
from my_plugin import ffi

@ffi.def_extern()

def do_stuff(p):
print("adding /d and 7d" % (p.x, p.y))
return p.x + p.y

nn ll)

ffibuilder.compile(target="plugin-1.5.*", verbose=True)

# or: ffibuilder.emit_c_code("my_plugin.c")

BAT B ACS S B4 DLL, B, — ]Sk . ‘B2 Windows EH €44 .d11, Mac OS/X
E/Y dylib sCHA-FE B so SUMF. RAER R, BRI A ML . c ARSI G
TR C iR A . A RN ER C S BN —SR, HEILT Lo
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PATR IR K Bk T5 AR — L4035

 fibuilder.embedding_ api(source): @4 ER C IE, EEM TEAEN DLL SHAKE. BEiR

WTPAFEHISRA, WREMARAE, B2 DLL ) C iE540 APT i)—7).

1t source SUUF IR EIMBRECHAE . ¢ SUPFH A 3hE G BATRAELES— I Python fRREAS )
Uik Python fRESRAGIUAS, RS2 I Python sREUXAUE (/] effi.def_extern(), %
P —s).

A, EREEASHNE . BO0IE ffibuilder. set_source () F R MRS ENIAIE X,
PERHHL C AR (TR — 5D

ffibuilder.embedding__init__code(python__code): X% THIthALE}[E] Python JEACHS. HACHS
1t DLL s ] (7 £1257)  fEizd iy, (ST B it DLL BT, 8ifE Python AREWIIGILZ )5 .
EASFARI AR Python MERERS A — ANGUHMNY” PIE” BIH, W RASH AT 0 2 1M J6 7505 A f] ST,
2}’ from my_plugin import ffi, 1ib” HJ—FT. ZFK my_plugin K H ffibuilder.set_source()
W — S8 M Python MMEERE, X MEHMAERT “FHMEN CiEFHAR.

WAL TE] Python AURS AT MG AR —HE S A A B B . 50T BB iE 2 #2841 Python [T, 40
EHIFBEE sys.path.

X ffibuilder.embedding_api () HEHRYREAS AL, WIMRAETTH] Python M ELH S AR
— VA e ATiAS effi.def_extern() KA AY Python p&ELFNEE .

WARBIAEAL I E] Python fURS R A 1R, AR ALCRFRAGITENE] stderr Y traceback AKX Z(E A,
PARE B R BB URH0 sys.path SR, AIPRIEABREE C AU Sl e IR M, Wik 2 fa)
stderr $TEl—Z& A5 IR L., 1XRRAUR 1] % /null,

W, CFFI B AT exit (), {H CPython AGM M exitO) MR, Glan, WA
site KW, XA[RERTERF KM,

ffibuilder.set__source(c__module__name, c__code): M Python [ F i BRI LR Bl At
THEZP) C M, XL SFEA RN C RS . FERBMEF, B —MEFEMfE. &
A PAFEH P #include HA-—2U 30, & L4 /7854 . % CFFI_DLLEXPORT "] I Tt C iEE RS &
P RRERE T FER A FER” Wi DLL VAT AW, B0, @ PAKE "extern int my_glob;
” WA ffibuilder.embedding_api() FI”CFFI_DLLEXPORT int my_glob = 42;” J{{E ffibuilder.

set_source() H1,

HHj, ffibuilder.embedding_api () Hi= BRI ZRBIMAAFFET c_code H1o MR BLACHSFE LT
F R F L& 254 #include "plugin.h" B9fT, WIXJEH M.

flibuilder.compile([target=...] [, verbose=True]): {il{E C RIEHHFE. BINFH T, Bt
—"~4%°~ c_module_name.dll, c_module_name.dylib B{ c_module_name.so )34, 1B AT ASEH
LR target KT SECHBBOIAME. T DARETAA U * target="foo.*" £ Windows [iif3K
—/N%4oh foo.dll WYL, A OS/X i3k foo.dylib , FEHAthd (i foo.so. F&ER M HARY
—NEBZ ARG Python B4 FR I H A AV FAT, Bl plugin-1.5.%",

XTHER RGO, AR PATEA] £fibuilder.emit_c_code("foo.c") I {ff Fl HAth Jy vk 4 1% 2K )
foo.c fF. CFFI (4% 2R TARMER distutils ©, ‘BN 7 #ilfE CPython ¥ B IT

88

Chapter 9. {#f CFFI #{THA



CFFI 3048, &% 1.13.2

KAMIRRY; BT R A B2l G fEE A DLL. gesh, AEREABEIEMSLR so/.d11/.dylib 3
i, R C AU RIAT: 5XAS C SCPFRT AR Ry SR AR R P 8 — T 70 A T A 1R AN S B e

9.2 EEES

R EIEAE P B KA AR MU, 7 HEC 2 AL CFFL, S5 PN

XtT 0ffi.def_extern() pR%L, AL C EMILEAMN Python R il BAYHR M 45T R AR AL
AR T . (H2, IR AR EE ILAL TR TR A

0ffi.def_extern(): iHZ [ ALY O, Rl @ Wik Python sE5 | k7 &k EM 4.

LA NE] C By Python Xf4e, — M WHEH I 521 ££1.new_handleO). Hi§Z [ ILAL
3R o

TEMABL T, T2 A Python pR%kry C . X5 CFFT sy eim i, Hrp %
Tt C 1y Python . Xt im 1) fi/lib X5 Hierhea#, PAMChA"C
T8 Python” 17y [ 8 8 7E1% GUTE PR hy” B . AR EGE TR 2L Python RUHAM C AURS, 1%
VR i Aol e R 2R

ffibuilder.embedding_api(source): E{fY5 ffibuilder.cdef() FA[RIAIEYE, WITEIL. B
AIPAME .7 1EYE, AESSERPE RN cdef ) IRAA M. B— W, Wit RERItS
ffibuilder.embedding_api() [ C i&7 source 5EAEIRMLL DLL H FA9FLE b UM NASE
AAflE] . Xt I A B X AR S

with open('foo.h') as f:
ffibuilder.embedding_api(f.read())

TEHE, XM EREEE ffibuilder.embedding_api () AN #ifdef 1854 . RAJEEAE A
AT iR

with open('foo.h') as f:
lines = [line for line in f if not line.startswith('#')]

ffibuilder.embedding_api(''.join(lines))

BB, G al A ffibuilder.set_source() FIFH[E foo.h:

ffibuilder.set_source('module_name', r'"'

#include "foo.h"

lll)

9.3 SEMEME

B RIH S

9.2.
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using.html#working
using.html#def-extern
ref.html#ffi-new-handle
using.html
cdef.html#cdef
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cffi extension module ’c_ module name’ has unknown version 0x2701
FoNIEFEIZ TR Python fERER O T 5T 1.5 1 CFFI fiiA . WAFEIEAEIZ THY Python Hi4¢%¢ CFFI
1.5 B S AUAR
TE PyPy b, #5iRIHE

debug: pypy_setup__home: directories ’lib-python’ and ’lib_ pypy’ not found in pypy’s

shared library location or in any parent directory

FORHKF| T libpypy-c.so X, {HARFEILALE R BIbRUERE. F/DFER2E Linux ZATHRUH & BLX A
0L, PHAEATRF 1ibpypy-c.so JUAE /usr/1ib/, 1, WiAREAVMERRW T, X2 FHZSCHRAT
1E /opt/pypy/bin/ 1, IFHE /usr/1ib/ HIRINFF S5 SR 2 Tl T,

9.4 XFfEF.so BYiElRE

REAR FEA—E 2 CFFT Fef . BRUEBC SR T EANAR so/.dylib/.d11 S0, (HR%
TEMERBE TR, (B2 Xe—Hi, Xe®REHCHER, @l Google FIEEH R HAF-F-5 1

et

TR A A B AT AN MER 2 AL B SR 7 vk )

CFFI 4 i1 e g it an 4 A5 Linux _FfY libmy_plugin.so, Mac [f{) libmy_plugin.dylib
o, Windows A my_plugin.dll (Windows & lib HIZR).

HOEEER, AL Python fiFRESE, AL S Python MUSRIERE. IRUIATTEETERAHTT
AL R DA E A BB SO, B T CFFL 3R] (it ot sl i) 1 3
2053k, DA R] DATE LA RN — LU ).

HRAVFRZ R ERF” BTy, so RTRASIASMH (Bl W@ oS4 F &7 H i dlopen(O 1§
LoadLibrary()), WA DATEGw M ] (Bt A gec -1my_plugin HiFE). AARGIELEAFETHY
B, MR AR, HFHBRF ARG AT EERGIE. 50N T CFFI FEH%
EH AR A AR

TEGRIEBT B LR RATDAFE -Lsome/path/ Z BIVRMN geec &M -1my_plugin ik
libmy_plugin.so HJ{i#. FEXLEF-& I, F5HlE Linux, WA E libmy_plugin.so A&
libpython27.so0 B libpypy-c.so, gcc &Rk4h. BEBEE, B55ZE A LD_LIBRARY_PATH=/some/
path/to/libpypy gcc.

SERRPAT ERRFI, F52548 %] 1ibmy_plugin.so DA libpython27.so B libpypy-c.so. %}F PyPy,
fRIEAE PyPy KATHR, FHAE bin 1 HH3KFT 1ibpypy-c.so 588 HREGH, B ETIGL H %P1
Windows pypy-c.dll FAREUGERE HSRE M AR RERL SIS0/, HEdRME. R em—Mirke
{61 J — SEFRES A B ia 4T %% Linux |9 LD_LIBRARY_PATH=/some/path/to/libpypy, OS/X [
DYLD_LIBRARY_PATH=/some/path/to/libpypy.

TSR A P PR g A 1Y B A2 4 % 1ibmy_plugin.so, W DAY LD_LIBRARY_PATH i, 7r
Linux ¥, X&MH gcc -Wl,-rpath=/some/path 5Z M. 7] PAIE X A~ 2B Wi it fE ffibuilder.
set_source("my_plugin", ..., extra_link_args=['-Wl,-rpath=/some/path/to/libpypy'])

Ho B AR P DAL $ORIGIN Jf3k, ZR/R"libmy_plugin.so FR7EMYHR”. )5, A A4EE M
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S Z BRI, Bl extra_link_args=['-Wl,-rpath=$0RIGIN/../venv/bin']l. {fJf 1dd
libmy_plugin.so ZF& $ORIGIN ¥ )5 M HimiFnIEL. )

M2 )G, AR LD_LIBRARY_PATH RYEizfTHI#F] 1ibpython27.s0 B libpypy-c.so. MIH
w bk, BENIRORER R ER)TH gee M. 1% rpath DL $ORIGIN Jf3k, FKAE Linux b&H
LD_LIBRARY_PATH st TCYEAR G- 1 ] gec

o TATDABEFIAHIARY rpath #7511 F (£ A LD_LIBRARY_PATH AL 1564 % 1ibmy_plugin.so.
(S EALF B dlopen O H§ AR HZIAS IR MEL, WAEM . ) €T LAGA gec -W1,-rpath=/path/
to/libmyplugin A FLRE, AIFEMA] $ORIGIN. $ORIGIN Hify $ 2 G54 Hh shell [FIHH: 5kl
i shell, MFEUIH] gee -Wl,-rpath=\$0RIGIN. M Makefile H1, {RFFEVLI—LEEMl gec w1,
-rpath=\$$0RIGIN (1],

o TEHELE Linux BZATHU L, %¢%le Debian, CPython C §"AHRE) .so U T RES WM 1A 2 U]
BEATHHT libpythonX.Y.so. Ik A#$fHi ] dlopen(..., RTLD_LOCAL) i%{#if5i%x#£f) Python
REREGHA. 35—/ undefined symbol #ift. L I #264. fRek Iy ik S i
dlopen("libpythonX.Y.so", RTLD_LAZY|RTLD_GLOBAL), iRl sz, 1ibpythonX.Y. so,

9.5 A% CFFI fl{EnY DLL

%A~ CFFI #ifERy DLL w] LA A R A e

R, YR T CFFI §ilfE) DLL Jt=2—4> Python f#REdR. XARECR S id 41 R A R ok
FERA Python W IR BT A5 AOBCRA ] o o — LU Rl B2 AR Fr B A St s i 2, i, oAt
Hib 7y ] HE TR

9.6 2&E

HT Python BybRiE4S EfEREE 8 (Global Interpreter Lock), £ 262N %% L T4E .

WA LAEAE Python MoRWIIRLIER IR C s, WIS RS . — D LARREER IR 2R —
IR ATFEPITHIAG IR E] Python fURS A SAVF S — 2R 4KSL

R WA LA S A [ 9 CFFL il DLL, Python #IatbA B gr o4k, (HMBAIIR AL E] Y
Python A A% . HEME, B iil—1 DLL %% —4> DLL pB#IiGse .

¥tptbZ )5, Python HIbRHES RfEREa USRS, RALIRZ Y4 CPU FEi4T Python UG, 34 Hit
CPU A AM A —2ERER 75— AN AR AT L Python (U, EF—BfE], BISTIHEl—AFEER, X
FEREAS 2t BT ] B AR TOFRIVI P 2E

9.7 Wik

TR EH A, ATPATEIETEIZATIY Python fikeds b A CFFT il DLL, MAZ4 C I —rEma.

9.5. {EFHZ1 CFFI §l4Eny DLL 91
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TR BEAE U4 D AT AE— 28 )8 Biltn, 7 Windows I, Python #1321 0447 c_module_name.pyd,
{8 CFFI #l3& /) DLL #%#5k target.dll, EARZFK target /& ffibuilder.compile () FHSERHIR, 1F
Windows |, 4K .d11 MiAZ .pyd. B Ay 82 I SC0F, s TE POSIX Al A5 88

IRIG AR H A CFFL ¥Rt —FE TAE. BEffifl”from c_module_name import ffi, 1lib” A,
HAE 1ib X EAH A C R &rPAE A X 28 C AR E . DLL P3P 5 0 0] i AL sk [a]
Python ACHTESE — K 5E UL TH AT

9.8 A R

IRAREYE CFFI YRR AR IREA .

AT DAYE[R]— 0 A h [R] i ] £fibuilder.embedding_api() Fil ffibuilder.cdef (). R I AHEL
H DLL 3 ARG AT /R 72 C Ml Python Z A3t C lECHIZEAL, A2 DLL iz,

YER—A01F, ZIERAEEEN C iE5H%S DLL Shiry C R, WIFERM Python %z
HIALBE—LEfE 0. it BORBER AN A2 e ££ibuilder. embedding_api (). (HVEE, WREMH
ffibuilder.embedding_api(f.read()) WIFFEH LB, ) ZHAELE ffibuilder.set_source() H4i’5
HE CRBUE X, % CFFT_DLLEXPORT {4y i 4H:

CFFI_DLLEXPORT int myfunc(int a, int b)
{

/* implementation here */

USRFTEE, XA RO DABE AT (o387 i) — LA A Python pR%l, X EPFINERM C F| Python HyFH,
SUEAEIE AP OL T EA S8 AT AR P

ffibuilder.cdef ("""
extern "Python" int mycb(int);
nn u)

nnn

ffibuilder.set_source("my_plugin", r

static int mycb(int); /* the callback: forward declaration, to make

it accessible from the C code that follows */

CFFI_DLLEXPORT int myfunc(int a, int b)
{
int product = a * b; /* some custom C code */
return mycb(product) ;
}
ey
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S5 Python WA T 20 & AT

@ffi.def_extern()
def mycb(x):
print "hi, I'm called with x =", x

return x * 10

XA effi.def_extern §—4> Python s¥(FffimE| C M mycb ), FERXFMFL T, EAXM DLL F:ifi.
IR, MY mycb O I, £%4 Python i HEI#IMAL, WRERE RN C MM — D wtl. T
Pt WM myfunc O WAL RAERREIL: X2 —A C Wik, BoAHoMY AT a0 BV b e e o H
B HEALE nyfunc O P mycb O B,

I EE AR, X2 ffibuilder. embedding_api () SEFRSEHLE R ] Python (RS e ER I 77
A X, ATV e, DAELE P s —2 52 3 C R,

IR EFHERHIN C P Python, FEFHSE—4> effi.def extern() ZHIHEATHILGI, 1RWT DAL
IR EASH C s cffi_start_python() KSCH, BiR[El-— K 0 50-1, DAKIWTRIBAIL 27 W .
HHl, JoEBIERIR R, WIEEH traceback FIEL(H BFA#E] stderr.
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