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1.0 Foreign functions introduction

The foreign-function interface allows one to link compiled foreign code dynamically into arunning Lisp.
Foreign code is defined to be code not written in Lisp. For example, code written in C or Fortran isforeign code.
The foreign-function interface allows users to load compiled code written in aforeign programming language
into arunning Lisp, execute it from within Lisp, call Lisp functions from within the foreign code, return to Lisp
and pass data back and forth between Lisp and the foreign code.

This mechanism is very powerful, as programs need not be recoded into Lisp to use them. Another advantage
arises during program development. For example, alarge graphics library can be linked into Lisp and all the
functions will be accessible interactively. This enables rapid prototyping of systems that use the library
functions, since the powerful Lisp debugging and devel opment environment is now available.

We use the word link because all foreign code should be in a shared object (typically .so or .8l or .dylib on Unix)
or dynamic library (.dIl on Windows) file which is mapped into arunning Lisp process. The function that causes
thislinking isload, which has been extended to accept and do the right thing with .so/.dl/.dylib/.dll files.
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Because load is used, we sometimes speak of foreign code being loaded into Lisp. Please understand that
foreign code is not truly made part of the image. See Using the load function in loading.htm for details of the
Allegro CL implementation to load.

1.1 SWIG: Support for automatic generation of foreign function
definitions 1

SWIG is a software development tool that reads C/C++ header files and generates the wrapper code needed to
make C and C++ code accessible from other languages. See http://www.swig.org. An interface for Allegro CL

has been added to SWIG. See http://www.franz.com/support/tech corner/swig042804.Ihtml for specific

information on the interface to Allegro CL and information on downloading the software. (The SWIG software
is not included with the distribution because it is regularly updated. Users should always get the latest update.)

1.2 CBIND: Support for automatic generation of foreign function
definitions 2

The cbind facility provides tools for automatically generating Lisp code for calling foreign functions using
information obtained by scanning C header files. Thisfacility isonly available for Solaris and Windows. Look at
chind-intro.htm. That file contains pointers to more documentation.

1.3 Some notation

In this chapter, we discuss C or FORTRAN routines and the Lisp functions that call them. These often have the
same names. In order to distinguish them, names ending with () are foreign routines and names without () are
Lisp functions. Thus we might say:

The foreign function bar () isloaded into Lisp. We use def-for eign-call to define the Lisp function bar which
callsbar().

1.4 Different versions of Allegro CL load foreign code differently

The differences are not that significant since all platforms use some form of dynamic linking of shared objects.
However, the internal mechanisms are different and the differences may sometimes be important. The type of
loading isidentified by afeature onthe * f eat ur es* list. The following table lists the relevant features:


http://www.swig.org/
http://www.franz.com/support/tech_corner/swig042804.lhtml
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Feature Meaning

:dynl oad

Foreign code is dynamically linked.

:dl fen

Loading is done using dlopen(). : dynl oad will be present if
thisfeature is present. The type of loadablefilesis .so.

- dl hp

loadable filesis .4,

Loading isdone using shl_load. : dynl oad will be present if
thisfeature is present. HP machines only. The type of

dlwn

loadablefilesis .dll.

Loading isdone using LoadLibrary. : dynl oad will be
present if this feature is present. Windows only. The type of

:dl mac

Loading on Mac OS X ports using the system dynamic |oader
NSLoadModule. : dynl oad will be present if thisfeatureis
present. Mac OS X only. The type of loadable filesis .dylib.

:dlld

Foreign code is directly loaded into image. : dynl oad will
not be present. No platforms currently use this method of
foreign loading so none have this feature.

The following appendices describe how to create files suitable for loading on various platforms.

Appendix A Foreign Functions on Windows

. Appendix A.1 Making a.dll
. Appendix A.2 Making a Fortran .dll

Appendix A.3 The Lisp side of foreign functions

Appendix A.4 A complete example

Appendix B Building shared libraries on Solaris

Appendix C Building shared libraries on HP-UX 11.0

Appendix D Building shared libraries on Compag Tru64 4.0 or later

. Appendix E Building shared libraries on A1 X 4.2 or later
. Appendix F Building shared libraries on Linux

Appendix G Building shared libraries on FreeBSD
Appendix H Building shared libraries on Mac OS X

1.5 Package information

The foreign-function interfacein Lisp isin the package f or ei gn- f uncti ons, nicknamed f f . Users must
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either use the qualifier f f ;. on these symbols or evaluate
(use- package :ff)
before using the interface.

The code for the foreign-function interface may not be contained in the basic Allegro CL image. It isloaded only
when needed. Executing certain of the interface functions will cause the correct module to be loaded (def-
foreign-call for instance), but we recommend that you ensure that the code is loaded by evaluating the following
form before using the foreign-functions interface:

(require :foreign)

Thiswill cause the foreign.fasl module to be loaded from the Lisp library. The form should be included in any
source file using functionsin the interface. (It is not an error to call require when amodule is already |oaded.)

Note that the foreign-function interface was designed for the C and Fortran compilers on the system at the time
of the release of thisversion of Allegro CL. New versions of the C or Fortran compilers from the hardware
manufacturers may, for purposes of using the foreign-function interface, be incompatible with the version
current when the interface was written. In that case, it is possible that already written and compiled Lisp code
may cease to work, and that, for atime, the interface may fail altogether. We will maintain the foreign-function
interface, and make it compatible with each new release of the system compilers. We cannot guarantee, however,
that already compiled code will continue to work in the presence of changesin the C or Fortran compilers.

1.6 Load foreign code with cl:load

Foreign code in a.so/.d/.dylib/.dll fileisloaded into Lisp with load (or the top-level command :1d). load is, of
course, also used to load Lisp source and compiled (fadl) files. Since load may just be presented with a filename
as asingle argument, it should be able to determine based on that argument alone whether Lisp code or aforeign
library is being loaded. Sometimes other arguments are provided. In that case, those arguments may indicate the
type of file being loaded.

As described below, load will consider the file type to determine whether the fileisaforeign file. load also has a
non-standard keyword argument foreign which, when true, tells the system the fileisaforeign file. (When
foreignisni | , the type determines whether the file will be treated as aforeign file or not.) See Using the load
function in loading.htm for details of the Allegro CL implementation to load.

Note that the Operating System must know where to find foreign files, either those needed to resolve externalsin
afileor thefileitself if it is specified to load with no directory information.

The specifics on the various Operating Systems differ, but the principle is usually the same: some single
environment variable or group of variablesis set by the user to tell the OS where to look for library files. On
most UNIX and UNIX-like (i.e. LINUX and Mac OS X) operating systemsthe variableis
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LD _LIBRARY_PATH. OnHP-UX, itisSHLIB_PATH. Note that once Lisp has started, changes to the value of
environment variables will likely not be seen by the running Lisp.

On Windows, the following locations are searched:

1. Thedirectory from which the application loaded.

2. The current directory.

3. On Windows 98/Me: The Windows system directory and on Windows NT/2000: The 32-bit Windows
system directory.

4. Windows NT/2000: The 16-bit Windows system directory.

5. The Windows directory.

6. Thedirectoriesthat are listed in the PATH environment variable.

An additional keyword argument is provided to load, unreferenced-library-names. If specified, it should be alist
of entry points (strings). The system will check if these entry points exist and signal an error if they do not.

Hereis how load works.

L

It determines the argument type (whether a stream or afile).

2. If theargumentisast r eam load from it (asaLisp or fad file) and return. (Y ou should not open a
stream to aForeign library or shared object file and pass that stream to load.)

3. Theargument filename is converted to a pathname, called the argument pathname. The argument
pathname is now put through search list processing, yielding the searched pathname. If the search was
successful, the argument pathname is set to the searched pathname. (If the search is unsuccessful, load
will signal an error.)

4. |If the foreign keyword argument to load is specified true, foreign load processing is done, as described
bel ow.

5. if foreignisni | or unspecified, then the file type is considered. If the searched pathname has atype
listedin*| oad-f or ei gn-types* (thetest is case insensitive on Windows), foreign load processing
is done, as described below.

6. If the searched pathname does not have atypelistedin*| oad- f or ei gn-t ypes* thefileisassumed

to be aLisp source or compiled fileand it isloaded asa Lisp file.

1.6.1 Foreign File Processing
Foreign file processing behavior can differ lightly, depending on your version of Lisp.
Versionsof Lispwith: dl fcnon*feat ures* (e.g., SunOS 5.x and later):

1. If :unreferenced-|i b- nanes was given, then make sure all entry points are defined and return.
2. If the searched pathnameisni | , then signal an error, sincedl open() will not find the pathname.
3. Usedl open() to map the searched pathname into the address space and return.
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Versionsof Lispwith: dl wi non*f eat ur es* (e.g. Windows):

1. If the searched pathnameisni | , then signal an error, since Get Modul eHandl e() will not find the
pathname.
2. Use Get Mbdul eHandl e() to map the searched pathname into the address space and return.

Versionsof Lispwith: dl hp on*f eat ur es* (e.g., HP-UX 11.0):

1. If: unref erenced- | i b- nanes was given, then make sure all entry points are defined and return.

2. If the searched pathnameisni | and there is adirectory or host component to this pathname, then signal
an error, sinceshl _I oad() will not find the pathname.

3. Useshl _| oad() to map the searched pathname into the address space and return.

Versions of Lispwith: dl mac on*f eat ur es* (e.g., Mac OS X machines):

1. If: unref erenced- | i b- nanes was given, then make sure all entry points are defined and return.
2. If the searched pathnameisni | , then signal an error, since NSLoadMbdul e will not find the pathname.
3. UseNSLoadMbdul e to map the searched pathname into the address space and return.

1.6.2 Externals must be resolved when the .so/.sl/.dylib/.dll file is
created

Suppose one library file contains a reference to a function defined in another file. For example, suppose we are
on a Solaris machine and t_double.so, contains a call to foo() which is defined in foo.so. When we try to load
t double.so, we get the following error (on Solaris, see below for behavior on other platforms):

USER(24): :1d t_double.so

; Foreign | oading /net/rubix/usr/tech/dnlacl/t_double. so.

Error: loading library "/net/rubix/usr/tech/dm acl/t_doubl e. so"
caused the follow ng error:

| d.so. 1: /net/solel/scnB/tenp-inmages/|isp:
rel ocation error: synbol not found: foo: referenced in
/ net/rubi x/usr/tech/dm acl/t_doubl e. so

Below, we point out that loading foo.so (before or after the attempt to load t_double.so) will not resolve the
unsatisfied external. The point, which we emphasize here, is any unsatisfied external must be resolved when the
so/dl/.dylib/dll fileis created (e.g. by using -I[libname] arguments passed to Id on Solaris). Even though the error
is signaled when Lisp attempts to load the .so file, the problem cannot be resolved within Lisp. A new .so file,
created with the correct arguments passed to Id, must be created and that new .so file must be loaded into Lisp.

This problem is not as bad as it might be. Many standard shared libraries are linked automatically and calls to
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routines in them will be resolved when the .so fileisloaded into Lisp. The important point, to state it again, isif
you do get an unsatisfied external error, you must recreate the .so file and then load the modified .so file into
Lisp. The example below shows how a.so file might be recreated.

Here isthe behavior in this case on various platforms. On the following platforms, the load will fail with an error
message that lists an unresolved external symbol:

. Solaris: Usethe command Idd your_library.so in ashell to generate alist of library dependencies.
. HP-UX: Use the command chatr your_library.sl in ashell to generate alist of library dependencies.

On the following platforms, the load will fail without an adequate explanation. Unresolved externalsis always a
possibility for failure.

. Dec Unix: Use the command odump -DI your_library.so in ashell to generate alist of library
dependencies.

« Al X: The message may say "No such file or directory”. Use the command dump -H your _library.soina
shell to generate alist of library dependencies.

. Windows NT/2000: Y ou can use the NT application Quickview to examine which DLL'sthe DLL you
are trying to load depends on.

. Windows 98/M e: We neither provide nor point to tools to give you further information. We are aware of
that such tools might be available on the Web (one user suggested looking at the information on the http://
www.dependencywalker.com/ site). But if you did not build the DLL, it might be best to contact the
DLL'sauthor for further information.

1.6.3 One library file cannot depend on an already loaded library file

Each file must be complete in itself: all necessary routines must either be defined in the file or must bein a
library specified when thefileis created. On Windows, Dec Unix, and Al X, by default, the linker prevents
building a shared library with unresolved external symbols.

Consider the example on a Solaris machine: t_double() (defined in t_double.so) calls foo() (defined in f0o0.s0).
Even if you have already |oaded foo.so, trying to load t_double.so will fail, as follows:

USER(23): :1d foo.so
; Foreign | oadi ng /net/rubix/usr/tech/dnfacl/foo.so.
USER(24): :ld t_double.so
Forei gn | oadi ng /net/rubi x/usr/tech/dnm acl/t_doubl e. so.
Error: loading library "/net/rubix/usr/tech/dm acl/t_doubl e. so"
caused the follow ng error:

| d.so.1: /net/solel/scnB/tenp-inmages/|isp:
rel ocation error: synbol not found: foo: referenced in
/ net/rubi x/usr/tech/dm acl/t_doubl e. so
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Restart actions (select using :continue):
O: retry the |l oad of t_double. so
[ 1] USER(25):

There are two solutionsto this problem. Y ou can combine all necessary files (t_double.so and f00.s0 in our case)
into asinglefile. On Solaris, this could be done with the following command starting with the .o files used to
make the .so files:

%ld -G -0 conbine.so foo.o t_double.o

Alternatively, you can specify the file holding the needed routines (foo.so in our example) asalibrary for thefile
needing them (t_double.so in our example). On Solaris again, a command like:

%ld -G-0t_double.so t_double.o -R /net/rubix/usr/dnacl -1foo

1.6.4 Entry points are updated automatically

Suppose you load alibrary file which defines bar () and then use def-for eign-call to define bar, which calls bar
(). Then you load another .so file which defines bar (). What happens?

Lisp will automatically modify bar so that it calls the bar () defined in the newly loaded file (and it prints a
warning that it is doing so).

L et us make this clear with an example on a Solaris machine. Consider the two files bar1.c and bar2.c:

/* barl.c */
voi d bar ()

{
printf("This is BAR 11111 in barl.c!\n");

fflush(stdout);
}

/[* bar2.c */
voi d bar ()

{
printf("This is BAR 22222 in bar2.c!\n");

fflush(stdout);
}

bar1.so0 defines bar () and bar2.so also defines bar (). We first load bar1.so and use def-foreign-call to define
bar, and then load bar2.so.
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USER(37): :1d barl.so
; Foreign | oading /net/rubix/usr/tech/dnfacl/barl. so.
USER(38): (ff:def-foreign-call bar nil :returning :void)
T
USER(39): (bar)
This is BAR 11111 in barl.c!
nil
USER(40): :1d bar2.so
Forei gn | oadi ng / net/rubi x/usr/tech/dnl acl/bar?2. so.
Warni ng: definition of "bar"
noved from /net/rubi x/usr/tech/dn acl/barl.so
to /net/rubix/usr/tech/dm acl/ bar 2. so.
USER(41): (bar)
This is BAR 22222 in bar?2.c!
nil
USER( 43) :

1.6.5 Duplicate entry points are never a problem

Since one library file cannot depend on another unless specified when it was built, there is a never a problem
with duplicate entry points. It isimportant, however, to be sure that you know which foreign routineis being
called.

1.6.6 If you modify a so/sl/dylib/dll file that has been loaded, you
must load the modified file!

Failure to do so may cause Lisp to fail unrecoverably.

Suppose on Solaris you have bar () defined in bar1.so and you load bar1.so into Lisp. Y ou also define the
function bar with def-foreign-call. Then, you decide to modify bar1.c and bar1.so. Once the new bar1.s0 has
been created, you must load it into Lisp before calling bar. Otherwise, Lisp may fail.

The problem is that the function bar knows it should look for the definition of bar () in bar1l.so and it knows
whereto look in that file. If bar1.so is modified in any way, the place where Lisp will look for the definition of
bar() islikely wrong. Lisp, however, does not know that and will ook at that location anyway, taking whatever
it finds to be valid code. The result can be disastrous, since typically Lisp hangs unrecoverably. In that case, Lisp
may have to be killed from a shell and restarted.
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1.7 Foreign code cannot easily be included at installation time

In earlier versions of Allegro CL on Unix, it was possible and relatively easy to build an executable image that
included foreign code. Because of changes in the way images are built and the fact that the executable and image
files are different (which is anew feature on Unix platforms), it isno longer easy to build foreign code into an
image. The only way isto write amain() which does the necessary linking. See main.htm.

1.8 Foreign functions and multiprocessing

There are two models of multiprocessing used by Allegro CL (as described in multiprocessing.htm): the : os-
threads model and the non :os-threads model. (:os-threads appearson the* f eat ur es* list of
implementations that use it).

In the non :os-threads model, foreign code is not interruptable and Lisp code never runs until foreign code
returned control to Lisp, typically by completing but sometimes when the foreign code called back to Lisp. In
the :os-threads model, Lisp code on one process may run while foreign code in another process may be waiting
or be interrupted. This means that certain implicit features of foreign code may no longer hold. Among them is
the most significant:

Lisp pointers passed to foreign code are not guaranteed to be valid by default. In earlier releases, because
Lisp code never ran while foreign code was running, a Lisp pointer passed to foreign code was guaranteed to be
valid until the foreign code completed or called back to Lisp. In the :os-threads model, because Lisp code and
foreign code can run in different OS processes, Lisp code may be run concurrently with foreign code. A garbage
collection may move Lisp objects rendering the pointer in the foreign code invalid. We recommend storing all
values used by both Lisp and foreign code in foreign (not garbage-collected) space or dynamically alocated on
the stack. It is also possible to block Lisp code from running until foreign code compl etes.

See the rel ease-heap keyword argument to def-for eign-call. It prevents or permits other threads from running
along with the foreign code.

A note on calling into Lisp from threads started by foreign code

Note that in all implementations of Allegro CL it is possible for aforeign function called from Lisp to explicitly
start computation in additional threads, as supported by the OS (by having foreign code make the appropriate
system calls to start the threads). One could imagine any of these new threads using the foreign function
interface to invoke a Lisp function defined as foreign-callable (see defun-for eign-callable). In an Allegro CL
with the non :os-threads model of multiprocessing, doing thisis amost certain to have disastrous consequences.
It iswholly unsupported but there is no protection in the foreign function interface to prevent it from happening.
The only legitimate calls to aforeign-callable function will occur in the Lisp's own thread of control, as call-
backs from foreign code that was itself called from lisp.

In an :os-threads Allegro CL, however, it islegitimate for athread started outside Lisp to call into Lisp viaany
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foreign-callable function. Some extrawork has to be done to create a Lisp process to represent that thread within
the lisp world. That extrawork is performed by a"customs agent” process that is started by acall to start-
customs. See the documentation for that function for details.

1.9 Creating Shared Objects that refer to Allegro CL Functionality

When creating foreign code to load dynamically into Lisp, it is sometimes necessary to refer to variables within
Allegro CL's runtime such as nilval or UnboundV alue, or elseto call afunction directly from C such as
lisp_call_address(). In caseslike these it is necessary to link in the Allegro CL shared-library (either .dll, .so, or .
dl, depending on the architecture) with the shared-library that is being built. The actual name of the Allegro CL
shared-library is available using the function get-shar ed-libr ary-name and can be added to the link line to
resolve symbols within it that are referenced in the foreign code. The situation on Mac OS X is different. See
Section 1.9.1 Linking to Allegro CL shared library on Mac OS X.

It isalso possible to avoid delay linking the library until runtime. The advantage is that the library location can
easily be determined at runtime, while at shared-library creation time finding the Allegro CL shared-library in a
robust fashion (without worrying about LD _LIBRARY PATH or equivalent and without hardwiring the
location) can be difficult. See Section 1.9.2 Delaying linking the Allegro CL shared-library until runtime for
details.

For example, on a Sparc,

% cat foo.c
#include "lisp.h"
Li spVal

get_nil ()

{

}

%cc -c -Kpic -DAcl 32Bit -I[ipath] foo.c

return nilval;

[ipath] isthe location of lisp.h (usually [ Allegro directory]/misc/). Note that on platforms that support 64 bit
Lisps (HP's and HP Alphas, Sparcs, Mac OS X, etc.), theflag - DAcl 64Bi t must be used instead of -
DAcl 32Bi t when compiling for the 64-bit Lisp.

Now, before linking, we need to find out where the Allegro CL shared-library is, soin the Lisp (for example,
your own name and path might be different):

user(4): (get-shared-1ibrary-nane)
“1i bacl 80. so"
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user(5): (translate-1ogical -pathnanme "sys:")
#p"/usr/acl 80/ "
user (6):

Then back in the shell and build the shared library (this example is from a Solaris machine):
|d -G -0 foo.so foo.o /usr/acl80/1ibacl 80. so

Note that other libraries, including system libraries, might need to be linked in order to complete the Id. Then,
back in the Lisp, the load can be done:

user(6): :l1d ./foo.so

. Foreign loading ./foo0.so0

user(7): (ff:def-foreign-call get_nil () :returning :lisp)
get_nil

user(8): (get_nil)

ni

user (9):

1.9.1 Linking to Allegro CL shared library on Mac OS X

Allegro CL does the NSLoadModule of libacl8*.dylib (the Allegro CL shared library) with the options
NSLINKMODULE_OPTION_BINDNOW | NSLINKMODULE_OPTION_RETURN_ON_ERROR. Thefirst
of these optionsisjust likethe RTLD_NOW option of dlopen, and the second causes a zero return-value from a
failed call to NSLinkModule instead of calling some error handlers (whose default action would be to kill the
program). Missing from this set of optionsisthe NSLINKMODULE_OPTION_PRIVATE, the lack of which
means that all symbols that are exported from the module are made global and thus accessible in the running
program. Unfortunately this means that there can be no multiply defined externalsin either the program or the
filesit loads.

Thefile /usr/lib/bundlel.o that gets linked into a bundle file has an entry point called
"dyld_stub_binding_helper". Whenever any unresolved symbol is used in the loaded bundle file, this helper calls
on the dynamic loaded (dyld) to find the symbol in the running image. Thus the entry points are looked up in a
truly dynamic manner, and linking against the Allegro CL library is unnecessary.

But it isalso impossible to link against the Allegro CL shared-library, because being a bundle type object, it is
self-contained, and the operating system doesn't allow relinking against this kind of shared library.

Thus the shared-libraries that can be dynamically loaded into a program can be thought of as separate entities
which communicate via the dynamic loader.
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1.9.2 Delaying linking the Allegro CL shared-library until runtime

When your foreign function needs to call into Lisp (for example, to call lisp_call-address or lisp_value), it may
be complicated when the shared library created from your foreign function is created to link to the Allegro CL
shared-library (aclxxx.dll or libaclxx.{dl,s0,dylib}). It is possible to pass the Allegro CL shared-library handleto
another shared-library so that it doesn't have to explicitly call entry-points within the Allegro CL shared-library.
As aresult, you need not specify the Allegro CL shared-library location when your shared library is created.

The runtime information is provided by the functions get-shar ed-libr ary-handle and get-executable-handle.

Consider the following example, from a Solaris. A shared-library is created to call lisp_call _address without
referring to that function in the link phase (lisp_call_address addressislooked up at runtime). Instead,
information about the location is determined at runtime and passed to the foreign functions using the

i nit_myli b function (seethe def-foreign-call form in the comments at the end of the example).

#i fdef HP_CC

extern "C' {

#if !defined(Acl 64Bit)
#define hp32 1

#endi f

#endi f

#i f def W NDOWS

# define Dl export _decl spec(dll export)
#el se

# define DI export

#endi f

#define CALLNAME "|isp call address”

#i f def W NDOWS

void *
find _ff_synbol (voi d* handl e, char *nane)
{

return Get ProcAddress(handl e, nane);
}
#endi f

#if defined(__APPLE ) && defined(__ppc_ )
#i ncl ude <mach- o/ dyl d. h>

#undef CALLNAME
#define CALLNAME " lisp_call _address”

void *
find ff _synbol (void *handl e, char *nane)
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{
NSSynbol sym
sym = NSLookupSynbol | nModul e( handl e, nane);
If (sym!= NULL) {
return NSAddressOF Synbol (syn) ;
}
return NULL;
}
#endi f

#i f defined(hp32)
#include <dl. h>

void *
find ff _synbol (void *handl e, char *synbol)
{

i nt val ue;

shl _t handl ecopy = (shl _t) handl e;

i f (shl _findsym &andl ecopy, synbol, 0, &alue) == 0) {
return (void *)val ue;
} else {
return (void *)O0;
}
}

#endi f

#if !defined(WNDOAS) && !'defined(__APPLE ) && !'defined(hp32)
#i ncl ude <dl fcn. h>

void *
find_ff_synbol (void *handl e, char *nane)
{
return dl sym(handl e, nane) ;
}
#endi f

void *(*get lisp _call_address)(int);

int DIlexport
init_nmylib(void *handl e)

{
get _lisp_call _address = (void *(*)(int))find_ff_synbol (handl e,
CALLNAME) ;
i f(get_lisp_call _address) {
return 1;
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}

return O;

In lisp, initialize by defining and calling init_nylib as a foreign
function:

(ff:def-foreign-call init_nmylib ((handle :foreign-address))

:returning :int)
(init_nylib (excl:get-shared-I|ibrary-handle))

After init, usage of get lisp call_address() in inline C code is
the sane as lisp_call _address():

int (*lispfunc)(...) = (int(*)())get lisp_call _address(index);

l'ispfunc(...);

where ... denotes argunents and their types in proper C convention.

b T R T R T R R R B B I S T T . . R

/
/* body of nylib code goes here */
#i fdef HP_CC

}s
#endi f

1.10 Releasing the heap when calling foreign functions

When you are running multiprocessing on a platform using the : os-t hr eads model (see multiprocessing.
htm), you have to worry about foreign functionsin different threads modifying valuesin the Lisp heapin a
thread unsafe way. (Thisis not a problem when running on a platform that does not usethe: os-t hr eads
model because no lightweight Lisp process will run while foreign code is being executed.)

Therefore, on platforms using the: os-t hr eads model, in order for any thread in a process to execute lisp
code, it must have exclusive control of the data and control structures that define the lisp execution environment.
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These resources are collectively called "the Heap" and access to them is controlled by OS synchronization
primitives. Initially, the single thread that initializes the lisp environment has possession of the Heap. If multiple
threads are running lisp code, Allegro arranges that they will each have access to the heap at appropriate times.
A thread that runs lisp code for along time may be preempted at various points so that control of the heap can be
given to another thread. A thread that makes a call to aforeign function has the option of "releasing the heap” for
the duration of the call. This allows another thread to take control of the heap while the first thread performs an
action that may require significantly more real time than cpu time. A foreign call that is cpu-bound, however,
would be better off not releasing the heap, especially if the call took a small amount of processor time and/or
occurred frequently. See the discussion of the release-heap argument to def-for eign-call for information on how
to indicate the heap can be released in aforeign call.

2.0 The 4.3.x UNIX model for foreign functions

All existing 4.3 exported symbols become deprecated, and preserved only for compatibility. Thereisa
compatibility module for 4.3.x style foreign functions code. The module is called ffcompat and can be loaded
with

(require :ffconpat)

3.0 The foreign function interface specification

The remainder of this document describes the foreign function interface in Allegro CL. Except as noted, the
interface is the same on all platforms.

The description of foreign typesisin the document ftype.htm.

3.1 Foreign function interface function summary

The following table shows the functions used in the foreign function interface. The Notes in the following table
provide brief and by no means complete descriptions of the object being described. Please follow the link to the
description page for the complete description including warnings and subtleties.

Name Arguments Notes
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def-foreign-call

name-and-options arglist & key
option ...

This macro defines aforeign
function as the symbol-function of
aLisp symbol. See Section 3.2

def-foreign-call below.

def-foreign-variable

name-and-options & key type
convention

This macro defines aforeign
variable to Lisp. See Section 3.3

def-foreign-variable below.

def-foreign-type

name-and-options def ...

This macro defines aforeign type
to Lisp and can make a connection
between foreign and Lisp types,
allowing proper conversion. See
ftype.htm.

defun-foreign-callable

name arglist & body body

This macro definesaLisp
function which can be directly
called by aforeign function. See
Section 8.0 Using Lisp functions

and values from C below.

register-foreign-callable

name & optional index-or-reuse
convert-to-c-types

Registers the location of aLisp
function to allow access by
foreign code. See Section 8.2

Caling Lisp functions from C:

lisp _call address() and lisp call()

below.

unregister-foreign-callable

index

Unregistersa Lisp function
registered with register-foreign-
callable. See Section 8.2 Calling
Lisp functions from C:

lisp_call address() and lisp call()

below.

register-lisp-value

value & optional index

Register aLisp valueto allow
access by foreign code. See
Section 8.1 Accessing Lisp values

from C: lisp value() below.

Unregisters a Lisp value registered
with register-lisp-value. See

unregister-lisp-value Index Section 8.1 Accessing Lisp values
from C: lisp value() below.
Simulates acall to lisp_valug().

lisp-value index See Section 8.1 Accessing Lisp
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convert-foreign-name

name & key language

Default function used to convert a
Lisp name to aforeign entry point
(prepending and appending
characters such as underscores as
needed. See Section 3.2.1 def-

foreign-call syntax below.

get-entry-point

name

Returns the entry point for name,
if thereisone. Returnsni | if
thereis not.

list-all-foreign-libraries

&key return-structs & allow-
other-keys

Returnsalist of all foreign
libraries (so/sl/dylib/dll files) that
are loaded into the current Lisp
image.

unload-foreign-library

filename

Unmaps (i.e. unloads) the so/dl/
dylib/dll files previously loaded
with load specified by filename.

char*-to-string [Obsolete, use
native-to-string instead]

address & optional string make-
string-p

Takes the address of a C string
and returns an equivalent Lisp
string.

native-to-string

address & key string make-
string? exter nal-format

Takes the address of aC string
and returns an equivalent Lisp
string. This function has other
usesin International Allegro CL
(seeiacl.htm). See Section 5.0

Passing strings between Lisp and

C below.

string-to-char* [Obsolete, use
string-to-native instead]

string & optional address

TakesaLisp string and writesaC
string to malloc space.

string-to-native
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string & key :address :external-
format

Takesalisp string and writesaC
string to malloc space. This
function has other usesin
International Allegro CL (seeiacl.
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with-native-string

(string-var string-exp & key (start
0) end native-length-var external-
format) & body body

This macro provides an efficient,
portable, and non-garbage (from
the Lisp garbage collector's point
of view) way of converting lisp-
strings to addresses acceptable for
foreign functions expecting native

string arguments. This macro has
other uses in International Allegro
CL (seeiacl.htm).

Returns the length of the C string
located at address. See Section 5.0
Passing strings between Lisp and
C below.

foreign-strien address

3.1.1 A note on foreign addresses

L ocations of foreign objects (usually objects stored outside the Lisp) are typically specified by addresses. A true
address is amachine integer. Lisp integers are not machine integers (because certain bits have special meaning
in fixnums and bignum have a header) but a true machine integer can be extracted easily enough so long as the
system knows to do it. Foreign functions defined to Lisp with def-for eign-call may take foreign type objects, or
vectors or foreign-addresses (integers, vectors, or foreign-pointer objects) as arguments.

A foreign typeis either one of the built-in types (like: i nt ) or one of a system of foreign structures defined with
def-foreign-type.

A foreign-pointer is an instance of the classf or ei gn- poi nt er (see aso make-foreign-pointer) that has a
special slot (with accessor for eign-pointer -addr ess) intended to point to raw data.

A foreign adressis either a Lisp integer, aLisp vector, or aforeign-pointer instance.

Note that foreign-types and foreign-pointers have nothing particular to do with each other. (A foreign-pointer is
really away to identify an integer as aforeign pointer -- rather than any old value -- to allow better argument and
type checking.)

The second required argument to def-for eign-call is the argument list for the foreign function. The elements of
that list are lists of argument names (symbols) followed by the foreign type to which it should be converted (and
perhaps followed by additional values). A symbol aloneisthe sameasthelist (synbol :int).

A Lisp value passed as an argument to a foreign function will be converted appropriately according to the
specification in the argument list.

Thus, when aforeign typeis specified as an argument to aforeign call, the value passed will be converted from
Lisp to C by specific rules. For example, a: i nt type expectsaLisp integer and convertsit to a machine
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integer. A : st ruct isadjusted to point to its first element, etc.
When the argument is specified : f or ei gn- addr ess, the system will accept asavalue (1) aLisp integer

(converted to a machine-integer), (2) a Lisp vector (adjusted to point to itsfirst element), or (3) aforeign-pointer
(converted by extracting the foreign-pointer -addr ess from the object).

3.2 def-foreign-call

The macro def-foreign-call associates aforeign function with a Lisp symbol, allowing it to be called asa Lisp
function would be called.

The problem in making such an association is that Lisp types and foreign types are usually different, and so as
part of the definition of aforeign function, the system must be told how Lisp objects passed as arguments should
be converted to foreign types and how areturned value should be converted to a Lisp type. Further information
can be provided as well: should the call be a candidate for inlining? When the multiprocessing model is :0s-
threads, should other processes be able to modify the Lisp heap while the foreign function is running? And so
on.

The definition of def-foreign-call is on its own description page, found by following the link. We discuss the
syntax of acall next and then make some other comments and provide examples.

3.2.1 def-foreign-call syntax
def-foreign-call nane-and-options arglist &ey kwopt ... MACRO

Thismacro is used to describe a function written in aforeign language (usually C). The action of
this macro is to define a Lisp function which when called will pass control to the foreign function,
making appropriate data transformations on arguments to and the return value from the foreign

function.

nanme- and- options -> name-synbol ;; default conversion to external nane

-> (lisp-nane-synbol external - nane)
ext er nal - name -> [convert-function] [external-name-string] ;; default
convert function is

;; convert -
forei gn-nane
argli st -> () ;; Inplies default argunent processing
;; (like old defforeign :argunents t spec)
-> (:void) ;; Explicitly looking for no argunents
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-> (arg ...)
arg -> name
-> (nane conpl ex-type-spec)
7 If name is nil, a dumy name will be supplied.
t ype- spec -> foreign-type

-> (conpl ex-type-spec)
conpl ex-type-spec-> foreign-type [lisp-type [user-conversion]]
user-conversi on -> synbol ;; Not yet docunented

lisp-type -> any Lisp type
;7 This constrains the runtinme arg to this
;; Lisp type. Wen trusting declarations we
;; assunme the Lisp type and optim ze accordingly.

;; | f declarations are appropriate the conpiler
;; may generate checks to validate the lisp type.

kwopt ->  RETURNI NG t ype- spec
;; Note that if the foreign type nentioned

;; In the : RETURNI NG cl ause i s expressed as
;; alist (i.e. begins wth a parenthesis) then the
;; second formof type-spec -- (conplex-type-spec)
;; -- nmust be used. O herw se, the first
;; conponent of the foreign type is
;; treated as the first conponent of a
., conpl ex-type-spec and a spurious
., error is signaled. For exanple, if
7, the type is (* Foreigntype), that is
;; a pointer to a struct of type
- Foreigntype then the correct specification
M returnlng ((* Forelgntype))

-> CONVENTICN { :C | :STDCALL | :FORTRAN}

;7 On NT, C (cdecl) and stdcall are now equival ent.

;7 FASTCALL is not supported.

-> ARG CHECKING { NIL | T}

-> :CALL-DIRECT { NIL | T}

-> : METHOD- | NDEX i ndex ;; Odinal index of C++ nenber

;; method; vtbl is first argunent.
-> :CALLBACK { NIL | T };,; Callback currently forced to

-> : RELEASE- HEAP { :NEVER | :ALWAYS | :VWHEN- (X }
-> ERROR-VALUE { NIL | :ERRNO | :GOS-SPECIFIC } ;; Wen
;o non-NIL, return error val ue as
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second return value fromforeign call.

3.2.2 def-foreign-call: the :returning keyword argument

The: r et ur ni ng keyword argument specifies what the foreign function will return when it completes. This
value, suitably modified to aLisp value, will be returned by the Lisp function associated with the foreign
function.

The value specified for : r et ur ni ng (1) aforeign type (defined by def-foreign-type). (2) alist of aforeign
type and a Lisp type (and an optional third element which is not used but may be in alater release); example: ( :
doubl e single-float).(3)((* :char)),or((* :char) string), etc.,; thiscauses native-to-
string to be called automatically after the return. (4) thevalue: | i sp, meaning a Lisp object will be returned
and no conversion should be done. Thisis a dangerous option since if the returned value is not actually a Lisp
object, agc failure may occur. (5) Thevalue: f or ei gn- addr ess, which will be interpreted as an unsigned
integer and converted to a positive Lisp integer. (6) Thevalue: voi d, meaning nothing will be returned and the
Lisp function should return ni | . (There are some additional deprecated options: see the description of def-
foreign-call.)

The default for : r et ur ni ng istheforeigntype: i nt , whichisavalue of type (1) in thelist above. The
integer value is converted upon return to Lisp type integer (afixnum with a possible overflow to abignum). This
default value is not appropriate when the foreign function is returning along, an unsigned long, or a pointer of
some sort. However, the fact that it is not appropriate is masked on 32-bit architectures by the fact that, asit
happens, an : i nt iseffectively equivalent to those values.

On 64-hit architectures, however, thisisnot true so : i nt cannot serve for along, an unsigned long, or a pointer
of some sort. Therefore, when returning a pointer, the type should be: unsi gned- | ong and when returning
another integer value, thetype should be: i nt or: | ong or: unsi gned- | ong, as appropriate.

3.2.3 def-foreign-call examples
Here are some examples of def-foreign-call usage:
(def-foreign-call add2 (x y))

Call afunction, probably named "add2" in C, whose first arg isnamed "x" and is an integer in Lisp and whichis
converted to an int for passing to C. If theinteger islarger than can be held inaCint, it istruncated. As with the
first arg, the second arg named "y" is an integer converted to aC int. The return value isinterpreted asa C int
type, and is converted to a Lisp integer (which may either be afixnum or consed as a bignum).

(def-foreign-call t_double ((x :double)
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(y :double single-float)
(z :int fixnum)
:returning :double))

Call afunction, probably named "t_double" in C, whosefirst arg is a double-float both in Lisp and in C, and
whose second arg isa single-float in Lisp but is converted to double float for passing into C (thisis the calling
convention used by some non ANSI C compilers and by others when the arguments are not prototyped), and the
third argument is afixnum Lisp passed as an integer to C. The function returns and boxes a double-float value to

Lisp.

(def-foreign-call (t-float dash-to-underscore) ((x :double)
(y (:float :no-proto))
(z :int fixnum
(w (* :char) string))
creturning #-(or (and sun4 (not svr4)) sun3q) :float
#+(or (and sun4 (not svr4)) sun3q) (:double single-float)

(def-foreign-call (t-float "t _float") ((x :double)
(y (:float :no-proto))
(z :int fixnum
(w (* :char) string))
creturning #-(or (and sun4 (not svr4)) sun3q) :float
#+(or (and sun4 (not svr4)) sun3qg) (:double single-float)

These two examples do the same thing: call afunction, named "t_float" in C (assuming in the first case proper
conversion by dash-to-under scor e, which must already be defined and should downcase the symbol name and
replace dashes with underscores), whose first arg is a double-float both in Lisp and in C. Like the previous
example, the second arg isafloat in Lisp, and is converted to double float for passing into C. The third arg
named "Z" isafixnum passed as an int, and "w" is a (null-terminated) Lisp string, whose first-character-address
is passed to C (beware, the string may move if agc is alowed). Depending on the architecture, the C function
will return either a double (from older C compilers) or afloat, each interpreted and boxed as a Lisp single-float
value.

We give both examples to show how alisp name (the symbol t - f | oat ) is converted to aforeign name
("t_float"). Y ou can either specify afunction that takes a symbol and returns the correct string (so ( dash-t o-
underscore 't-float) returns"t _fl oat") or you can smply specify the correct string. Note again that
dash-to-under score must be already defined when the def-foreign-call form in evaluated.

(def-foreign-call c_array ((str (* (* :char)) (sinple-array sinple-string

(*)))

(n tint fixnum)
-returning :char)

Call afunction whose C nameis probably c_array, whose "str" argument is an array of strings, properly
converted (by copying from the Lisp parts). The second arg "n" isaLisp fixnum shifted to makea C int. The C
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function returns a char which is made into a Lisp character.

3.3 def-foreign-variable

The def-foreign-variable macro is used to describe a variable exported by aforeign language (usualy C). The
action of this macro isto define a Lisp symbol-macr o which when evaluated will obtain the address of the
foreign variable and either retrieve or set the value of the variable based on the access-type.

3.3.1 def-foreign-variable syntax
def-foreign-vari abl e nane-and-opti ons &ey kwopt ... MACRO

This macro is used to describe a variable exported by aforeign language (usually C). The action of
this macro is to define a Lisp symbol-macro which when evaluated will obtain the address of the
foreign variable and either retrieve or set the value of the variable based on the access-type.

name- and- opti ons -> nane-synbol ;; default conversion to external nane
-> (lisp-nanme-synbol external - nane)

ext er nal - nane -> [convert-function] [external-name-string]

kwopt -> :type access-type
-> CONVENTION { :C | :FORTRAN}

3.3.2 def-foreign-variable examples
Here are some examples of def-foreign-variable usage:

user(1l): (ff:def-foreign-variable sigblockdebug)

si gbl ockdebug

user (2): sigbl ockdebug

0

user(3): (setq sigblockdebug 1)

1

user(4): (ff:def-foreign-variable (print-Iso-relocation
“print_lso_relocation"))

print-Iso-relocation
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user(5): print-lso-relocation

0

user(6): (setq print-Iso-relocation 1)
1

user (7):

In these examples, variables from the Allegro CL internal runtime are set up to allow Lisp to access the variables
in alispy way. Since these variables are not documented, it would take a C debugger to examine and verify that
the values of the C variables had indeed been changed.

WARNING: Do not attempt to use this macro on the C "errno" variable, nor on any other variable that might be
bound on a per-thread basis; doing so might cause (incorrect) information to be returned for the wrong thread.

4.0 Conventions for passing arguments

Arguments to function calls can be passed in two ways, by value and by address. When an argument is passed by
value, a copy of the valueis placed somewhere (typically on the stack) where the function can access it. When
an argument is passed by address, a pointer to its actual location is given to the function. Argumentsin C are
usually (but not always) passed by value, while arguments in Fortran are normally passed by address.

4.1 Modifying arguments called by address: use arrays

A function that receives an argument called by value can modify that value. There are two problems with such
modifications:

. Lisp may not see the modification when you want it to (because Lisp makes a copy of the object and
passes the address of the copy -- the copy is indeed modified but the original is not).

. Lisp may see the modification when you do not expect it to. If you pass afloating point value, it may be
modified and Lisp may see the modification even though that is not intended.

We deal with each situation in turn. The solution is the same in both cases: pass the address of an array.

4.2 Lisp may not see a modification of an argument passed by
address

When an argument is passed by addressin C or Fortran code and the called function changes the value of the
argument, the argument will stay changed even after control returns from the called function. The actual stored
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value of the argument will have been permanently modified. Thisis expected behavior and is generally what is
intended and desired.

Users therefore should be warned that in many cases (arrays being the main exception) when Lisp code calls a
foreign function that modifies one of the arguments passed by address, the Lisp value of that argument will be
unchanged. The reason is that Lisp represents objects differently from C or Fortran and so often cannot pass the
actual address of the Lisp object to the foreign code, since the foreign code would not correctly interpret the
value pointed to. Instead, Lisp makes a copy of the Lisp object, changing the representation appropriately, and
passes the address of the copy. Although this copied value is modified by the foreign code, Lisp ignores the
copied value after the function returns, looking only at the unmodified Lisp object.

To repeat the above warning: Fortran functions do not always affect the value of a Lisp object when thisis
passed to a Fortran function. The following example illustrates this behavior. Say we have the Fortran file
fnames.f containing the function itimes2():

function itinmes2(x)
i nteger X

X = 2*X

itimes2 = x

return

end

This function appears to double the (C or Fortran) integer value stored in the location specified by x. We
compile and load the file into Lisp and then run the function. Here are the results:

USER(21): (load "fnames.so")

t

USER(22): (ff:def-foreign-call itinmes2 (fixnum
:convention :fortran :returning :void)

;; send in a fixnum but pass by address

t

USER(23): (setg x 19)

19

USER(24): (itines2 x)

38 ;; gives 38 as expected

USER( 25): x

19 ;; but x is unchanged.

The problem isthat aLisp fixnum is not the same as a Fortran (or C) integer, and thus the foreign-function
interface must convert it. It copies the Lisp fixnum, convertsit to a Fortran integer, and then passes the address
of the converted copy to the Fortran function. The expected Fortran behavior can be achieved by passing an
array instead of afixnum.

USER(30): (ff:def-foreign-call itinmes2 ((sinple-array fixnum(1)))
:convention :fortran :returning :void)
t
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USER(31): (setq x (make-array 1 :elenent-type 'fixnum
cinitial-element 19))

#(19)

USER(32): (itinmes2 x)

38 ;; gives 38 as expected
USER(33): x ;; as does x
#( 38)

4.3 Lisp unexpectedly sees a change to an argument passed by
address

Again, when an argument is passed by addressin C or Fortran code and the called function changes the value of
the argument, the argument will stay changed even after control returns from the called function. The actual
stored value of the argument will have been permanently modified.

This can cause trouble when, for example, you pass a floating point value to a FORTRAN routine that modifies
the value. Consider the following FORTRAN subroutine:

subroutine dtest(x)
doubl e precision x

X = x + 1.0dO
return
end

It increases the value of its argument by 1.0d0. We compile this function, load it into Lisp, and define it asa
foreign function with def-for eign-call:

(ff:def-foreign-call dtest ((x :double double-float))
:convention :fortran
-returning :void)

Now we run it, though the behavior you see may be different from what is reported here. In some cases the
contant value is changed (as shown). In other cases, Lisp ssmply hangs unrecoverably. In any case, things are too
broken to continue (computation which believes 0.0d0 equals 1.0d0 is unlikely to be useful).

USER(3): (dtest 0.0d0) ;; Lisp may hang at this point rather than
;; returning control to the Listener.

ni

USER(4): 0.0dO0

1. 0dO
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Whoa! What happened to 0.0d0? Well, here is what happened. 0.0d0 is a Lisp object of type double-float. As
such, it has atype code and a pointer to its actual value, 0.0d0. When dtest is called with 0.0d0 as an argument,
the location of the value is passed. FORTRAN then modifies that location. The troubleisthat Lisp still thinks
that location contains 0.0d0 and so when Lisp reads 0.0dO, it gets the value in the location and finds 1.0d0
instead.

In fact, Lisp reuses floating-point values whenever it can. Since there is no way within Lisp to modify avalue,
there should be no problem with using the same value over and over and doing so will save time and space.

It could be argued that Lisp should protect itself by making a copy of the floating-point value and passing that to
FORTRAN. However, that would put a cost on many foreign calls where protection was not necessary. Instead,
there is asimple workaround for users who wish to call by address code that modifies floats. specify the float as
alength 1 vector and pass the vector:

(ff:def-foreign-call dtest ((x (:array :double)))
:convention :fortran
:returning :void)

USER(8): (setq x1 (make-array 1 :elenent-type 'double-fl oat
cinitial-elenment 0.0d0))

#( 0. 0d0)

USER(9): (dtest x1)

nil

USER(10): x1

#(1.0d0O)

USER(11): 0.0dO

0. 0dO

Fortran cannot distinguish between the address of the start of an array and the address of asingle value, so
passing the address of the double-float array x1 is correct and works as we want.

4.4 Passing fixnums, bignums, and integers

Another difficulty arising out of differing Lisp and non-Lisp representations of valuesisillustrated by the
exampleitimes2() above. The argument passed to the foreign function was a fixnum, not an integer. Integers
can be bignums or fixnums. C or Fortran integers may be larger than all possible Lisp fixnums and smaller than
most but not all bignums. If afixnum is passed to foreign code, it is always correctly represented, but a bignum
can be represented only if it is small enough. The foreign-function interface will truncate any bignum that does
not fit into the foreign integer representation without warning. Users can avoid this by not using integer as a
value for arglist, the second required argument to def-for eign-call and thus not passing bignums, except when
the argument value was generated by foreign code. The return value from foreign code (the value of the
returning keyword argument) defaultsto type: i nt , and since some foreign integers are too big to be fixnums,
they may be bignums. But, since they came from foreign code, they will be correctly represented as foreign
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integers when passed back to foreign code. Only in the case where you are sure the value can be represented as a
machine integer do we recommend integer as avalue for arglist (more precisely, as an element in the list which
isthe value).

4.5 Another example using arrays to pass values

An exampleillustrates the use of arrays. Say thereis a compiled C shared object file myrever se.so:

int nmyreverse(n, X)
double *x; /* pointer to array of doubles */
int n; /* array length */

{ . -
int i;
doubl e d;
for (i=0; i <=n/2; i++) {
d = x[i];
x[i] = x[n-1-1];
X[n-1-i] = d;
}
return n;
}

In Lisp you might define (after loading myreverse.so) this function as follows:

USER(40): (ff:def-foreign-call nyreverse ((i :int fixnunm) (x (:array :

doubl e))))

t

USER(41): (setq x (make-array 3 :elenent-type 'double-float
cinitial-contents '(1.0d0 2.0d0 3.0d0)))

#(1.0d0 2.0d0 3.0d0)

USER(42): (nyreverse (length x) x)

3

USER(43): x

#(3.0d0 2.0d0 1.0d0)

5.0 Passing strings between Lisp and C

Allegro Common Lisp provides afew functions to help converting strings from Lisp to C and back again. In this
section, we discuss the issues and provide some examples.
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Starting in release 6.0, specifying ((* :char)),or((* :char) string), etc. asthevaue of the
returning to def-foreign-call causes native-to-string to be called automatically after the return. Thisisasafe
change as far as compatibility goes, because pre-6.0 versions would error on such a specification. The alternative
specification described here still works, and should be used if any external-format other than : def aul t is
desired. Thusin the example just below, you can specify ' ((* : char)) instead of : i nt asthevalue of :

r et ur ni ng and you will see the string rather than the address of the string returned. Of you cannot apply (and
do not need to apply) for eign-strlen to the result.

Note that "C strings are conceptual only. A "C string' isreally not atype, but a usage of a character pointer and
its storage. A Lisp string is an actual type and can be distinguished from other pointers. There are other uses for
a C character pointer besides strings, but strings are most often passed in interface functions. By default, the def-
foreign-call interface expandsa((* :char)) to((* :char) string),whichcausesalLisp string to be
either created (on return) or checked for (when passed as an argument). If such checking or creation is not
desired, (as would be the case where the Lisp value would be just an integer or an array of adifferent type)
specify the actual type of the value of the argument, e.g

(def-foreign-call foo ((x (* :char) integer))
:returning ((* char) integer))

o Or

(def-foreign-call foo ((x (* :char)
(sinple-array (unsigned-byte 8) (*)))))

If you have an address of a C string, you can passit to native-to-string and a Lisp string with the same contents
will be returned. (Y ou can specify astring to receive the C string as a keyword argument to native-to-string, as
described in the full description of that function).

The function foreign-strlen takes an address of a C string and returns its length.

;; This exanple calls a foreign function, GET- MESSACGE, t hat
;; returns a pointer to a string.
;; The C language file getnessage.c contains:

#i ncl ude <stdi o. h>

char *mess="this is a test";
char *get nessage()

{
}

return ness;

;; Conpile the Clanguage file and load it into Lisp.

;; CGETMESSACE returns an integer pointer to the string.
USER(12): (ff:def-foreign-call getnessage (:void)
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:returning :int)
T
USER(13): (getnessage)
8790592
;7 EXCL: NATI VE- TO- STRI NG converts the integer returned by getnessage
;; to a string.
USER(13): (excl:native-to-string (getnessage))
“"this is a test”

;; Use FOREIGNSTRLEN to find the | ength
;; of the string returned by GETMESSAGE.
USER(14): (ff:foreign-strlen (getnessage))
14

With the def-foreign-call foreign function definer, one can specify string as one of the arguments. That will
cause Lisp strings to automatically be converted to C style char* arrays at function call time.

To copy aLisp string to aC style char * string outside of using def-foreign-call isto use the function string-to-
native.

Our example passes a string to C, which calculatesits length and returnsit.

UNI X exanpl e

;; This exanple calls a foreign function, PUTMESSAGE, t hat

;; returns a pointer to a string. Note that this is a sinple
;; exanpl e. PUTMESSAGE coul d be def-foreign-call'ed to take a
;; SI MPLE- ARRAY as an argunent.

., The C language file put-nmessage.c contains:
#i ncl ude <stdi o. h>

/* putnmessage expects a pointer to a string as an argunent.*/
/* putnmessage prints that string to stdout.*/
put nessage(s)
char *s;
{
puts(s);
fflush(stdout);

;; Conpile the C language file and |l oad into Lisp.

., PUTMESSACE takes a pointer to a string (an integer) as
;; an argument

32



Foreign Function Interface
USER(20): (ff:def-foreign-call putnessage (integer)
:returning :void)
T
;; Create a string in lisp.
USER(21): (setf |isp-nessage "This is a nessage fromlisp")
"This is a nmessage fromlisp"

;; Run PUTMESSAGE with a lisp string as an argunent.
USER(22): (putnessage (excl:string-to-native |isp-nessage))
This is a nessage fromlisp

NI L

Hereis the example for Windows:

., W ndows exanpl e

;7 Allegro CL nakes available to C prograns the function

;; aclprintf() which operates just |like printf and the result
;; is printed to the Allegro Comon Lisp Consol e.

;;  To show the console wi ndow right click on the
;; Lisp icon on the systemtray and choose Show Consol e.

--------- the file put-nessage.c

extern void aclprintf(char *, ...);

voi d _decl spec(dll export) putnmessage(char *str)

{
}

acl printf("message fromlisp: "%'\n", str);

| #
;; Conpile the C language file and |l oad into Lisp.

;; PUTMESSAGE takes a pointer to a string (an integer) as
;; an ar gunent

user(2): (ff:def-foreign-call (putnessage "putnessage")
((str (* :char))) :returning :void)
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put nessage
user(3): (putmessage "a lisp string")
nil

;7 On the consol e wi ndow you see printed:
message fromlisp: '"a lisp string'
Y ou may want to pass strings from Lisp to C and from C to Lisp. Passing strings from Lisp to C is pretty easy. A

Lisp string will be converted correctly. Passing an array of strings is more complex. Examples of both are shown
in Passing strings from Lisp to C and Special case: passing an array of stringsfrom Lisp to C.

5.1 Passing strings from Lisp to C

Lisp will correctly convert Lisp strings when passing them to C and therefore passing a string from Lispto C is
quite easy. Consider the following example.

We define a C function stringl() which takes a string as an argument and returns its length.

Do C code for UN X

# i nclude <stdio. h>
# include <string. h>

int stringl (char *s)

{
}

;. C code for Wndows:

return strlen(s);

#i fdef _WN32

#define DI | Export _ decl spec(dl | export)
#el se

#define DI | Export

#endi f

# i nclude <stdio. h>
# include <string. h>

DI Export int stringl (char *s)
{

return strlen(s);
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}

We compile this function and load the resulting .so/.dl/.dll/.dylib file into Lisp. We then call def-foreign-call as
follows and then call the C function:

user (50): (ff:def-foreign-call stringl ((string (* :char)))
:strings-convert t
sreturning :int)

t

user (51): (stringl "hello")

5
user (52):

5.2 Special Case: Passing an array of strings from Lisp to C

Passing an array of strings from Lisp to C is somewhat more complex, as the next example shows. A common
usagein Cistypified by the following program fragment:

#define null O
char *z[] = {"stringsl", "string2", null};

handl e_strings(z);

handl e_strings(argv)
char **argv;

{
while( *argv !'= null ){
handl er _for_string(*argv);
argv = argv + 1;
}
}

Similar usage is also common with the array size included:

char *z[] = {"stringsl", "string2", "string3"};
- handl e_strings(3, z);

h;’i;’ld| e strings(argc, argv)

char **argv;
I nt argc;
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Thevariable ar gv isan array with each element pointing to a C string in both cases. (Note, however, that in the
first case aNULL pointer terminates the array.) One may like to call handle_strings() from Lisp (after doing a
def-foreign-call) by something like the following:

(handl e_strings
(make-array 3
cinitial-contents
"("stringl" "string2" 0)))

or perhaps

(handl e_strings 3 (nake-array 3
“initial-contents
"("stringl"
"string2"
"string3")))

depending on the definition of handle_strings() above. However, the foreign-function interface does not
normally convert the individual elements of aLisp array.

One can convert an array of Lisp strings to aforeign object acceptable as a C char** argument by using a
function such as that below. Note that as written it does fresh allocations on each call, so a user may wish to
tailor it asdesired. In particular, acall to string-to-native returns a value which must be passed to aclfreein
order to be reclaimed.

;; Take a lisp vector of lisp strings, and return an equival ent
;; foreign array of C strings. Useful for C functions expecting
;; 'char **' argunents.
(defun lisp-string-array-to-c-string-array (a)
(let ((r (ff:allocate-fobject (list '":array '(* :char) (length a)))))
(dotines (i (length a))
(setf (ff:fslot-value-typed '(:array (* :char)) nil r i)
(string-to-native (aref ai))))

r))

The array-of-strings (argv) argument to the foreign function can then be declared as follows:
(ff:def-foreign-call handle_strings ((argc :int) (argv (* (* :char)))))

The foreign function can then be called as follows:
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(handl e_strings 3 (lisp-string-array-to-c-string-array
(make-array 3
cinitial-contents

"one" "two"
“three"))))

Note that before the current Allegro CL deftype facilities were available, foreign-function definers def-foreign-
call and its (now obsolete) predecessor deffor eign were designed to handle arrays of strings specially by use of
theargument type (si npl e-array sinple-string (*)).Thisargument type usageisno longer
recommended, but it is documented here to describe backward compatibility.

While thisis not implemented as a distinct datatype in Allegro CL, the foreign-function interface will recognize
this declaration and convert the array appropriately for C. Thisisaslow function call as the interface must
allocate space to do the conversion. To get the desired behavior (e.g. for the second of the above two
possibilities for handle_strings()) you should use:

(ff:def-foreign-call handle_strings
((integer :int)
(string (:array (* :char))
(sinple-array sinple-string))))
Note that if you do not declare arguments - e.g. if you use:

(ff:def-foreign-call handle_strings nil)

The array will not be converted correctly on the call to handle_strings(). Note that thisis not typical; the
interface normally converts arguments according to their Lisp data type whether or not they are declared.

If you do make this declaration and pass in an arbitrary Lisp array, all bets are off. Only 0 and array elements of
type simple-string are guaranteed to be correctly converted.

6.0 Handling signals in foreign code

The Lisp image catches all signals from the operating system. In particular, when an asynchronous interrupt (e.g.
SIGINT on Unix) occurs, the signal handler in Lisp setsaflag and then returns. Thisflag is checked inside Lisp
functions only when it is safe to do so. If you are executing in foreign code, any signals that are received will not
be processed until some point after you return to Lisp. So if your C code gets into an infinite loop, you won't be
able to interrupt it cleanly (you will be able to interrupt -- see startup.htm). This also implies that aforeign
function is not interruptible by the Lisp scheduler in implementations that use the non :os-threads model of
multiprocessing, see multiprocessing.htm.

If you need to be able to catch signalsin foreign code, you must establish your own signal handlers when you
enter the foreign code and restore the Lisp signal handlers before you return to Lisp. Perhaps the easiest way to
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do thisisto ‘wrap' your foreign code in a function that takes care of these tasks. Thiswrapper function calls your
real function, and it returns the value returned by the real function.

Hereis an example of such afunction, which catches interrupts (Signets). This example uses the signal()
function for simplicity. (Some versions of Unix supply other, more advanced, functions.)

#i ncl ude <setjnp. h>
j mp_buf catch;
int (*old_handler)();

i nt
wr apper (argl, ..., argn)
{
auto int return_val ue;
extern int new_handl er (),
real function();
if ((return_value = setjnp(catch)) !'= 0)
return return_val ue;
ol d_handl er = signal (sigint, new handl er);
return_value = real function(argl, ..., argn);
signal (sigint, old_handler);
return return_val ue;
}
i nt
new_handl er ()
{
signal (sigint, old handler);
| ongj np(catch, -1);
}

The wrapper function first calls setjmp() to establish a C stack-frame environment for a subsequent longjmp() to
return to. (Thisisthe C equivalent of Lisp catch and throw.) The setjmp() function returns zero when the catch
is established; it returns the value of the second argument to longj mp() otherwise. If the setjmp() was the target
of alongjmp() (from within the interrupt handler), we return the value returned by the longjmp() (here-1to
signal an abnormal return).

The wrapper then installs the new SIGINT handler, saving the address of the old one. Once the interrupt handler
is established, the real function is called and we save the return value (here an integer). Next we restore the Lisp
signa handler, then return the value returned by the real function to Lisp.

If an interrupt occurs while this C code is executing, new_handler () gains control. It restores the Lisp signal
handler, and then jumps to the established catch: control returns to the point of the setjmp(), which thistime
returns -1. Foreign code execution is interrupted, and we cleanly return to Lisp.
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Note that the Lisp callback functionslisp_value() and lisp_call _address() (described in Section 8.1 Accessing
Lisp values from C: lisp_value() and Section 8.2 Calling Lisp functions from C: lisp _call _address() and lisp _call
()) should never be called from aforeign signal handler. If your signal handler does call lisp_value() or
lisp_call_address(), failures may occur should the Lisp need to garbage collect while in the signal handler. The
reason for thisfailure is that the system stack may not have been set up to indicate acall from Lisp to C. Also, if
the signal is delivered while the garbage collector is running, then the entire Lisp heap may be inconsistent and
accesses to the Lisp heap may result in attempting to follow pointers to nonexistent data.

7.0 Input/output in foreign code

Input and output from foreign code may require special consideration to obtain reasonable behavior.

Because foreign output operations will be interspersed with Lisp output operations, it is necessary to flush output
in foreign code before returning to Lisp if it is desirable to maintain synchronous behavior. For example, if aC
function writes information to the standard output, it may not be displayed contemporaneously unless fflush() is
used before returning to Lisp.

When performing input and output from Fortran, it may be necessary to set up the Fortran I/O environment
before performing any operations. For 4.n BSD Unix systems, using the standard AT& T Fortran compiler or one
of its derivatives, the following steps are necessary to perform 1/O successfully.

Suppose you want to call the following simple subroutine from Allegro CL.:

subroutine fiotest

wite(6, "("this is some fortran output.")")
call flush(6)

return

end

Because the above program contains an input/output statement, certain subroutines from the Fortran 1/0 library
must be loaded. (Note that the call to subroutine fflush() isimplementation-dependent.) These subroutines
initialize the I/O units by “preconnecting’ unit 5 to standard input, unit 6 to standard output, and unit O to
standard error. If thisinitialization is not done, various errors can occur. For example, some versions of the
Fortran library routines will execute an abort() if 1/0 has not been initialized, causing Lisp to dump core. Other
versions merely ignore requests for output. Some versions will create disk files named fort.[n] where [n] isthe
Fortran unit number. The routine f_init() of the Fortran I/O library will perform the proper initialization. This
initialization need only be done once for every Lisp session.

Assuming the compiled version of the above program is contained in the file fiotest.so, on a UNIX machine, here
isatranscript of how to load the program into Allegro CL.:
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., After loading the Fortran subroutine and

;; the F77 and 177

;; libraries into the Lisp

;; we use FF: DEF- FOREI G\ CALL to create a Lisp function

;; F_INT that points to the function _f_init() in

;; the Fortran library:

USER(61): (ff:def-foreign-call f_init nil :returning :void)
t

;; W define our Fortran test subroutine to Lisp.

USER(62): (ff:def-foreign-call fiotest nil :convention :fortran
:returning :void)

;; We initialize the Fortran |/ O system
USER(63): (f_init)

nil

;7 . . . then call our Fortran subroutine.
USER(64): (fiotest)

This is sone fortran out put.

ni

8.0 Using Lisp functions and values from C

This section describes the Allegro CL facility that permits C functions to call Lisp functions and access Lisp
values. The C functions must have been loaded into Lisp, and must have been called from Lisp.

Because some Lisp objects may move in memory when a garbage collection occurs, calling out to Lisp must be
used with great care on the part of the C programmer. As an example, if an array is passed to a C function which
callsout to a Lisp function and a garbage collection occurs, then after the C function returns, the pointer to the
array will point to nothing; the array data will have moved somewhere else. So if a C function accessesaLisp
value and calls out to Lisp, then it is recommended that the Lisp value be registered and accessed as described
next.

Another alternative isto store the value in alocation where they are not moved. Allegro CL supports static
arrays which are guaranteed never to move once they have been allocated (they are alocated in foreign rather
than Lisp space). Static arrays are discussed in gc.htm. However, static arrays are not completely general. This
section covers cases where you are interested in accessing objects other than arrays or in types of arrays not
supported by static arrays.

To give a particular example, let us say:

1. Youregister aLisp object (e.g. an array). (thisis detailed below.)
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Y ou use def-foreign-call to define a C function with return type :lisp.

In the C program you retrieve and use the registered Lisp value.

You call out to aLisp function and a garbage collection occurs - the Lisp value in C is no longer valid.
The C function returns the Lisp value it retrieved earlier.

Then on the next garbage collection Lisp dies because of an illegal object reference: the Lisp value
returned by the C function no longer pointsto valid data.

ok owN

The problem only occursif a garbage collection happens during the call to the Lisp function. What you should
do isto make sure that any Lisp value you return to Lisp or work with within a C function is retrieved only after
there is no possibility of calling out to a Lisp function where a garbage collection may occur. To fix the example
above so it is safe, you should add another step after step 4:

4a. Retrieve the registered Lisp value again.

Other scenarios can be played out. For example, if C code changes array data using an invalid array pointer, Lisp
will never see the changes, and Lisp's data space may be corrupted by the indirection through a bad pointer.

For purposes of allowing call-backs from foreign code, Allegro CL maintains two tables of Lisp objects: oneis
the function table and the other is the value table. The Lisp program can register functions or values by
requesting that they be stored in the respective table. The size of these tables will grow dynamically as needed
(in contrast to earlier releases where the function table could not be increased in size). The use of these tablesis
explained in the following two sections.

8.1 Accessing Lisp values from C: lisp_value()

Before accessing a Lisp value from C, it should be registered first. When a Lisp value isregistered, an index is
returned as a "handle' on the Lisp object. A C function is provided that will return a pointer to the Lisp object
givenitsindex. Thisis preferable to passing addresses of Lisp objectsto C functions, since Lisp objects will
generally move with each garbage collection. If a garbage collection is triggered from C code - by calling back
from C to Lisp - the addresses of Lisp objects originally passed to the C function from Lisp may become invalid.
And since one will have lost one's only handle on these Lisp objects, their addresses, there will be no way to find
their new addresses. If instead one were to pass the registration indices of these Lisp objects, one could readily
find their new addresses using these indices following a call-back to Lisp.

Note that passing the addresses of Lisp objectsto C functionsis not recommended only in those cases where a
garbage-collection may be triggered by the C code. Passing values of Lisp objects (converted to C values by
virtue of declarations made with def-foreign-call) is not discouraged. However, some Lisp data types are passed
to C as pointers (for example, double-float data). Such data types should be registered and passed to C by their
indicesif the C code might cause a garbage collection.

The function register -lisp-value registers Lisp values in the value table. The function unregister-lisp-value
clearsthe registration.
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Once avaue isregistered, the C program can obtain the value from the value table with the C function:

| ong |isp_val ue(i ndex)
I nt index;

wherei ndex istheindex of the registered value in the value table in Lisp. This C function will always return
the current value at index even after a garbage collection has occurred. The result value from lisp_value() will be
a C pointer to a Lisp object. Macros are provided to help C analyze the Lisp object and convert it to something
meaningful. These macros are found in the C include file lisp.h, usually distributed in the home/misc/ directory
with Allegro CL.

Note that when one passes Lisp valuesto foreign functions that have been declared using def-for eign-call, most
Lisp data types are converted to corresponding C data types automatically. When one obtains Lisp values by
calling lisp_valug(), the conversion must be performed explicitly by the foreign code.

The Lisp function lisp-value may be useful for debugging code. It smulates the C function lisp_value(), but it
may be called from within Lisp at any time.

8.2 Calling Lisp functions from C: lisp_call _address() and lisp_call()

A Lisp function that is to be called from C code must satisfy two requirements: (1) it must be registered, and (2)
it must be defined using the special macro defun-foreign-callable.

When aLisp function isregistered, an index is returned as a "handl€e' on the Lisp function. A C functioniis
provided that accesses the table and returns the address associated with the index. That addressisavalid C
function pointer.

Registering a function and going through atable to find the function address is necessary for two reasons: (1)
Lisp functions (and their code vectors) will generally move with each garbage collection, and (2) Lisp functions
observe different calling conventions than C functions. Conceptually, when a Lisp function is registered, a small
‘wrapper' is created that can be called from C and which will set up the arguments correctly for the Lisp
function. This wrapper calls the Lisp function with a single argument, a descriptor that points to the arguments
stacked by C. The defun-foreign-callable macro provides a convenient mechanism for associating formal Lisp
arguments with the C arguments.

The function register-for eign-callable registers Lisp functions in the function table. The function unregister -
foreign-callable clears the entry from the table.

The C program can get a pointer to the registered Lisp function by using the C function lisp_call_address(). The
formis

void *lisp_call _address(int index)
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wherei ndex isthe index of the registered function in the function table.

A C program can call aLisp function using thesyntax (*f) (argl, arg2, ..., argn),wherefisthe
integer returned by lisp_call_address(). It isimportant to realize the "address' of a Lisp function returned by
lisp_call_address() is not the same as the address of the Lisp function object associated with the Lisp symbol. It
isnot possible to call aLisp function directly from C, one must always use the “wrapper' provided by register-
foreign-callable.

See the various appendices (Appendix A Foreign Functions on Windows, Appendix B Building shared libraries
on Solaris, Appendix C Building shared libraries on HP-UX 11.0, Appendix D Building shared libraries on
Compaq Tru64 4.0 or later, Appendix E Building shared libraries on Al1X 4.2 or later, Appendix F Building
shared libraries on Linux, Appendix G Building shared libraries on FreeBSD, Appendix H Building shared
libraries on Mac OS X) for information on creating Shared Object/Library/DLL etc. files suitable for including
compiled foreign code in Lisp and also see Section 1.9 Creating Shared Objects that refer to Allegro CL

Functionality.

For example, say we have loaded the compiled C file:

void c_calls_lisp(fun, index)
long (*fun)();

{
void (*lisp_call)(),*lisp_call _address();
(*fun)();
/* direct call to lisp function */
lisp call = 1lisp_call address(index);
(*lisp_call)();
/* call to lisp function using index */
}

and had the following session in Lisp:

USER(70): (setqg called 0)
0
USER(71): (defun-foreign-callable |isp-talks ()
(format t "This is lisp called for ~
the ~:r tinme.~%
(setq called (1+ called))))
lisp-tal ks
USER(72): (progn
(mul tiple-value-setq (ptr index prev-ptr)
(register-foreign-callable 'lisp-tal ks))
(l'ist ptr index prev-ptr))
(1404302 0 nil)
;; ptr is 1404302, index O in
;; function table, previous function none
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USER(73): (ff:def-foreign-call c_calls lisp (integer fixnun) :returning :
voi d)

t

USER(74): (c_calls_lisp ptr index)

This is Lisp called for the first tine.

This is Lisp called for the second tine.

Note: using lisp_call _address() is recommended over passing the address from Lisp to C because that address
may become invalid after a Lisp image is dumped with dumplisp. lisp_call_address() is very efficient and
calling it just before calling the Lisp function from C ensures that the function pointer is valid.

The C representation and the Lisp representation of data types are not necessarily the same. When a C function
callsaLisp function, the Lisp function needs to have its arguments declared so that it "knows what the C
arguments were and how to convert them. This declaration scheme is implemented in a macro defun-foreign-
callable.

We give an example: say that we define the following C function, compileit and load it into Lisp:

voi d add(x, y, index)
int x, y, index;

{
void (*lisp_call)(),*lisp_call _address();
lisp call =1lisp_call _ address(index);
(*lisp_call)(x, vy);

}

Then the following Lisp session could take place:

USER(80): (ff:def-foreign-call add (integer integer fixnum
:returning :void)
t
USER(81): (defun-foreign-callable add-two-c-args
((x :signed-long) (y :signed-long))
(setq xy (+ x y)))
set a global variable
;; to the sumof x and y
add-two-c-args
USER(82): (setq index (cadr (nultiple-value-Ilist
(register-foreign-call able
"add-two-c-args))))
1
USER(83): (add 4 5 index) ;; call to the foreign function
nil
USER(84): xy
test the value of the
., gl obal variable xy
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9

Note that in the example above, we get exactly the same result by omitting the type declarations for the function
add-two-c-args - i.e. we could have defined it as:

(defun-c-cal |l abl e add-two-c-args (x y)
(setq xy (+ xY)))

since the default is to assume the arguments are signed-longs.

8.3 Calling foreign callables from Lisp

A foreign-callable (defined via defun-for eign-callable or the deprecated defun-c-callable) is meant to be called
by aforeign function. The arguments are converted explicitly by the foreign-callable from foreign argument
typesto Lisp types, and the return value is possibly converted from Lisp to an appropriate foreign type, if
specified. However, there may be times when such code needs to be debugged, and the user wishes to call the
foreign-callable directly from Lisp for such purposes.

The function called lisp-call, which existed in some earlier releases, has been removed, and instead, the user can
simply call the foreign-callable directly from Lisp. The foreign-callable now uses a dual-entry-point technique,
which allows the Lisp call to be caught and the arguments pre-converted before making the "real” call to the
body of the foreign-callable.

It is important to understand the pre-conversion technique used in aforeign-callable Lisp call; it depends not on
the declared arguments in the foreign-callable, but in the actual arguments passed to the foreign-callable from
Lisp. Lisp callsto foreign callables convert all arguments in the following way:

fixnum arithmetic shifted to create a 30-bit integer

. reassembled into 32-bit integer, properly sign-extending but truncating any LS Bits
bignum

beyond 32.

single-float unboxed to float
double-float unboxed to double
character converted to char (within an int) type
other not converted

A Lisp call to aforeign-callable will never reconvert its return value, because it always returns a Lisp value (for
foreign-callables that have been registered to convert their return values, it is actually the callback mechanism
that performs the conversion, and not the foreign-callable itself).

Note that these conversions are not as extensive as the general conversions donein foreign calls; this mechanism
isintended as only a quick debug tool. For more extensive callback testing, define an actual foreign function
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with explicit argument types which calls back to Lisp.

Appendix A: Foreign Functions on Windows

This section contains notes on foreign functions for the UNIX Allegro CL programmer porting to Windows. We
recommend using Microsoft Visual C++ (MSVC++).

The steps to using foreign functions on Windows are:

1. Makea.dll of your Cfiles, including:
a. declare the correct calling convention for functions externally visible to Lisp,
b. prevent C++ name mangling,
. import the symbols you want to use from other .dlls,
d. export the symbols you want to use from Allegro CL (so they are visible to get-entry-point), and
e. compile and link the C files properly.
2. Load the .dll into Allegro CL.
3. Definethe Lisp side of the foreign function linkage using def-for eign-call and defun-foreign-callable.

DLL file cannot be changed whole it is loaded into a program

Please note that you cannot create a new .dll with the same name as a .dll file already loaded into Lisp (or loaded
into another program). If you have a .dll file loaded into lisp, use unload-foreign-library to unload it before
recreating it and loading it again.

Appendix A.1 Making a .dll

To access C++ functions from Lisp you must ensure C++ name mangling does not occur. The easiest way to do
thisisto use afile extension of .c instead of .cpp. If you must use the .cpp file extension, then use the ext er n
" C" linkage specification, like this:

extern "C

int foo (int a) {
return (a + 1);

}

Import the symbols you need from other libraries by specifying the .lib file to the linker. There are two important
entry pointsin acl[version].dll ([version] changes with each release of Allegro) which users of the foreign
function interface might need: | i sp_cal | _address andl i sp_val ue. To use these entry points from
your .dll, you must import the symbols using the linker using acl|version] .lib provided in the Allegro directory.
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For example, to compile the examplein Section 8.2 Calling Lisp functions from C: lisp _call address() and
lisp_call() above, you would need to specify acl[version].lib on your cl command line, like this (assuming the
functionc_cal | s_I i spisinthefilefoo.c):

cl -D M -NMD -LD -Fefoo.dll foo.c
[Allegro CL directory]\acl[version].lib
user32.1ib gdi32.1ib
kernel 32.1ib conttl 32.1ib condl g32.1ib
winmm lib advapi 32.1ib nmsvcrt.lib

After evaluating (| oad "foo.dl ") inLisp, therest of the session in Section 8.2 Calling Lisp functions
from C: lisp call _address() and lisp_call() isthe same.

The general issue of cross linking is discussed in Section 1.9 Creating Shared Objects that refer to Allegro CL
Functionality above.

Export the symbols you want to be visible from Lisp by using alinker .def file, or by using the _decl spec
(dl' | export) declaration:

extern "C' _decl spec(dl | export)
int foo (int a) {
return (a + 1);

}

Lastly, compile and link your C code into a .dll:

. usethe- D_MI C compiler option to compile your C code to insure the compilation will produce multi-
threaded safe C code,

. usethe- MDlinker option to link your object filesto insure you link with the multi-threaded safe C
runtime libraries,

. usethe- LDlinker option to produce adll instead of an exe, and

. link with libraries user32.lib, gdi32.lib, kernel 32.lib, comctl 32.1ib, comdig32.lib, winmm.lib, advapi 32.
lib, and msvert.lib (you may not use external symbols from each of these libraries, but it does no harm to
link against them all--it isthe complete list of Windows libraries that you might need).

Appendix A.2 Making a Fortran .dlI

Open Watcom open source project (http://www.openwatcom.org/) FORTRAN needs the following steps to work
with Allegro CL. Watcom allows for several calling sequences, but only one style is compatible with the
argument and return value passing that Allegro CL uses to be compatible with Windows C++. To achieve this,
the/ sc option must be used to specify stack-based argument passing, and the following pragma must be used
(starting in column 1):
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*$pragma aux floatfunc val ue [8087]

for each floatfunc in the source that returns afloat value. Our experience is that these pragmas may cause
warning messages on other architectures, but will otherwise work without causing errors.

Also, afile with a.Ink extension should be created, which specifies the link options; advanced Fortran users may
want to specify link options on the command line, however. For our example, we will describe afile called bar.
Ink:

systemnt _dll initinstance term nstance
inmport calltolisp 'call _lisp.dll’

export floatfunc

export funca

export funchb

file bar

Note that exports are necessary for each function that will be accessed from the Lisp side. Also, it is possible to
call-back into Lisp from Fortran, though it must be done indirectly through a C function in a specified .dll file.

Once the source files are set up, the following commands can be run:
wfc386 /bd /ns /sc /fpi87 bar.f

Wi nk @ar
Wib bar +bar.dll

Appendix A.3 The Lisp side of foreign functions
Compatibility

Ason UNIX, foreign functions are defined to Lisp using def-for eign-call. The older (and now obsolete)
defforeign interface works. When aforeign function defined with defforeign is called directly, it acts (with
respect to threads) asif it was declared with the: r el ease- heap : never option. (release-heap isa
keyword argument to def-for eign-call but not to defforeign.) Usethe: cal | - di r ect argument to def-
foreign-call, aswell as other necessary arguments, to allow direct C calling to be compiled inline by the Lisp
compiler.

Windows usually expects callbacks to be declared : st dcal | . You should check your Windows documentation
carefully to verify the required calling convention. From the Lisp side, you will need to use a declaration to
defun-foreign-callable:

(declare (:convention {:c | :stdcall | :nethod})
(:unwi nd val ue))
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The (: unwi nd value) declaration says that throwing past this boundary is to be performed by returning value
(not evaluated) to the C caller after arranging when control eventually returnsto the Lisp-that-called-C-before-
this-callback, the throw will be continued from that point. This effect does not require any special action on the
part of the Lisp-to-C calling code, except that it had to have been built with a C link (no leaf calls).

Absence of an: unwi nd declaration isequivalent to having (decl are (:unwi nd 0)).

Either : c or: st dcal | can now be used interchangeably as the value of the convention on def-foreign-call
definitions. The stack will be properly updated, regardless of the style the foreign function expects to be called
with. Callbacks however, must be declared with the proper convention.

Appendix A.4 A complete example

C.\TMP>t ype foo.cC

#i fdef _WN32

#define DI | Export _ decl spec(dl | export)
#el se

#define DI | Export

#endi f

D | Export int test fun(int foo)
{

}

return foo + 101;

Compile foo.c into foo.dll:

C\TMP>cl -D MI -MD -nologo -LD -Zi -WB -Fefoo.dl|l foo.c user32.1ib
gdi 32.1ib kernel32.1ib conct132.1ib condlg32.1ib winmmlib
advapi 32.1ib nmsvert.lib

foo.c

Creating library foo.lib and object foo.exp

Then, in Lisp:

user(1l): (load "foo.dlIl")

; Foreign | oading foo.dll.

t

user(2): (ff:def-foreign-call (test "test fun") (a))
t

user(3): (test 10)

111

49



Foreign Function Interface

user (4):
or, using the old ff:deffor eign interface:

user(1l): (load "foo.dlI")

, Foreign | oading foo.dll.

t

user(2): (ff:defforeign 'test
-argunents ' (integer)
centry-point "test fun"
:return-type :integer)

t

user(3): (test 10)

111

user (4):

Appendix B: Building shared libraries on Solaris

On Solaris, you must produce .so files which are loadable into Allegro CL. The -K pic flag is optional (only on
Solaris), and creates dightly different modes of sharing when used. As an example:

%cc -c -Kpic foo.c
%ld -G -0 foo.so foo.o

Fortran issimilar:

% f77 -c bar.f
%ld -G -0 bar.so bar.o

It is often useful to use the -z defs option to find which references are not yet resolved. If an undefined symbol is
detected that should be present in the Lisp (such aslisp_call_address) then that shared-library must be included
in the command line. For example, for acall to lisp_call_address() in libacl80.so:

%ld -G -0 foo.so foo.o |ibacl 80. so

The general issue of cross linking is discussed in Section 1.9 Creating Shared Objects that refer to Allegro CL
Functionality above.

lisp.hisan include file that describes the format of Allegro CL Lisp objects. Because the Sparc has two ports, 32-
bit and 64-bit, one of the flags- DAcl 32Bi t or - DAcl 64Bi t must be passed into the C compiler if lisp.his
used.
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Further, for the 64-bit version, you must specify - xar ch=v9 on the cc line for sparc 64-bit and -
xar ch=ani64 for and64/x86-64/emt32. Y ou must also link with 64-bit libraries, which is usually done with -
L/ usr/1i b/ sparcv9.

Appendix C: Building shared libraries on HP-UX 11.0

The shared objects |loadable by Allegro CL are .dl files. Y ou make these by using cc and Id in thisway (the
instructions are different for 32-bit and 64-bit platforms):

32-bit

% cc +z -Ae +DA1.1 -c foo.c
%ld -b -0 foo.sl foo.o0

Y ou can also use make_shared (in the bin/ subdirectory of the Allegro CL distribution) in place of Id:
% bi n/ make_shared -o foo.sl foo.o0

and then load the shared library into Allegro CL.:

(load "foo.sl")

For Fortran, the commands are:

%f77 +z +DA1.1 -c bar.f
%ld -b -0 bar.sl bar.o

64-bit

% cc +Z +DA2. 0W-c foo.c

or

% aCC +Z +DA2. OW-c foo.cC

Note the capital "Z'sin the above calls. The call to Id is then:
%ld -b +s -o foo.so foo.o0

Y ou can also use make_shared (in the bin/ subdirectory of the Allegro CL distribution) in place of Id:
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% bi n/ make_shared -0 foo.so foo.o0
and then load the shared library into Allegro CL.:
(l oad "foo0.s0")

Fortran (f90) is not yet supported on hp 64-bit.

See aso the discussion of cross linking in Section 1.9 Creating Shared Objects that refer to Allegro CL
Functionality above.

Note about compiling when including lisp.h

lisp.hisan include file that describes the format of Allegro CL Lisp objects. Because the HP has two ports, 32-
bit and 64-bit, one of the flags- DAcl 32Bi t or - DAcl 64Bi t must be passed into the C compiler if lisp.his
used.

Appendix D: Building shared libraries on Compaqg Tru64 4.0 or later

For 32-bit Lisps, you must use the proper taso options to the C compiler. For 64-bit Lisps, do not specify ataso
option. For both 32-bit and 64-bit Lisps, you should also use the make_shared script supplied in the bin
directory of the Allegro CL distribution, to produce .so files which are loadable into Allegro CL. Y ou may wish
to put [Allegro directory]/bin in your path, but make_shared does not itself call additional programsin that
directory. For example:

;; 32-bit Lisp

%cc -c -GO -taso -xtaso -xtaso_short foo.c
% bi n/ make_shared -o foo.so foo.o0

and for Fortran:

%f77 -c -taso bar.f
% bi n/ make_shared -0 bar.so bar.o -Im

;;  64-bit Lisp

%cc -c -GO foo.c
% bi n/ make_shared -0 foo.so foo.0

and for Fortran:
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% f77 -c bar.f
% bi n/ nake_shared -0 bar.so bar.o -Im

See aso the discussion of cross linking in Section 1.9 Creating Shared Objects that refer to Allegro CL
Functionality above.

Note about compiling when including lisp.h

lisp.hisan include file that describes the format of Allegro CL Lisp objects. Because the Alpha has two ports,
32-bit and 64-bit, one of the flags- DAcl 32Bi t or - DAcl 64Bi t must be passed into the C compiler if lisp.h
IS used.

Appendix E: Building shared libraries on AlX 4.2 or later

Y ou must use the make_shared script supplied in the bin directory of the Allegro CL distribution to produce .so
fileswhich are loadable into Allegro CL.

Because make shared itself calls other thingsin bin/, [ Allegro directory]/bin must be in your path, that isit
must be in the list that is the value of the PATH environment variable.

32-bit

%cc -c -D BSD -D _NO PROTO - D _NONSTD_TYPES -D MBI =voi d foo.c
% bi n/ make_shared -o foo.so foo.o0

and for Fortran:

% xlIf -c bar.f
% bi n/ make_shared -0 bar.so bar.o -Im

Note about compiling when including lisp.h in a 32-bit image

lisp.hisan include file that describes the format of Allegro CL Lisp objects. In general, when there are both 32-
bit and 64-bit Lisps, one of the flags - DAcl 32Bi t or - DAcl 64Bi t should be passed into the C compiler if
lisp.hisused. Use- DAcl 32Bi t for the 32-bit Lisp and - DAcl 64Bi t for the 64-hit.

See also the discussion of cross linking in Section 1.9 Creating Shared Objects that refer to Allegro CL
Functionality above.
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64-bit

Theinstructions for building a shared library for a 64-bit Lisp are similar to those given just above, but the
additional argument - q64 should be added to the cc or xIf commands when producing shared libraries for the
64-bit version (the make_shared calls are unchanged):

% cc -q64 -c -D BSD -D _NO PROTO - D NONSTD TYPES -D MBI =voi d foo.c
% bi n/ make_shared -0 foo.so foo.o0

and for Fortran:

% xIf -q64 -c bar.f
% bi n/ make_shared -0 bar.so bar.o -Im

Note about compiling when including lisp.h in a 64-bit image

lisp.hisan include file that describes the format of Allegro CL Lisp objects. Because there are two Al X ports,
32-bit and 64-bit, one of the flags- DAcl 32Bi t or - DAcl 64Bi t must be passed into the C compiler if lisp.h
isused. Use- DAcl 64Bi t for the 64-bit Lisp.

Again, see aso the discussion of cross linking in Section 1.9 Creating Shared Objects that refer to Allegro CL
Functionality above.

Appendix F: Building shared libraries on Linux

On Linux (either on machines with Intel or AMD processors or machines with PowerPC processors), you must
produce .so files which are loadable into Allegro CL. Compile with the -fPIC flag. As an example:

%cc -c -fPIC foo.c -0 foo.o0
%|ld -shared -o foo.so foo.o

Fortran issimilar:

% f77 -c bar.f
% |ld -shared -0 bar.so bar.o

The general issue of cross linking is discussed in Section 1.9 Creating Shared Objects that refer to Allegro CL
Functionality above.

Further, for the 64-bit version, you must specify - n64 on the cc line.
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Appendix G: Building shared libraries on FreeBSD

On FreeBSD, you must produce .so files which are loadable into Allegro CL. Compile with the -fPIC -DPIC
flags. As an example:

%cc -c -fPIC -DPIC foo.c -0 foo.0
%1d -Bshareable -Bdynam c -0 foo.so foo.o0

Fortran issimilar:

% f77 -c bar.f
%1d -Bshareable -Bdynam c -0 bar.so bar.o

The general issue of cross linking is discussed in Section 1.9 Creating Shared Objects that refer to Allegro CL
Functionality above.

Appendix H: Building shared libraries on Mac OS X

On Mac OS X, you must produce a specific type of .dylib file which can be loaded into Allegro CL. These are
called bundle fileson Mac OS X, and are fully packaged shared libraries. Unfortunately, they may not be reused
asinput to Id() once they have been created, in contrast with shared-objects on other architectures. However,
they may contain undefined symbols, which may be resolved lazily when the shared-objects are loaded. These
may include symbolsin libacl*.dylib such aslisp_value and lisp_call_address, without having to link against the
library. Compile with the -dynamic flag. As an example:

% cc -dynamic -c foo.c -0 foo.o0
%1ld -bundle /usr/lib/bundlel.o -flat_namespace -undefined suppress -o foo.
dylib foo.o

Fortran interfacing is not supported at thistime.

The general issue of crosslinking isdiscussed in Section 1.9.1 Linking to Allegro CL shared library on Mac OS
X.

lisp.hisan include file that describes the format of Allegro CL Lisp objects. Because the Mac OS X hastwo
ports, 32-bit and 64-bit, one of the flags - DAcl 32Bi t or - DAcl 64Bi t must be passed into the C compiler if
lisp.hisused.
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Further, for the 64-bit version, you must specify - ar ch ppc64 ontheccline.
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