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Preface
This manual documents the Foreign Language Interface (FLI), which provides
a toolkit for the development of interfaces between Common Lisp and other
programming languages, and supercedes the Foreign Function Interface (FFI).

The manual is divided into two sections: a user guide to the FLI which
includes illustrative examples indicating how to use the FLI for a variety of
purposes, and a reference section providing complete details of the functions,
macros, variables and types that make up the FLI.

The guide section starts by describing the ideas behind the FLI, followed by a
few simple examples presenting some of the more commonly used features of
the FLI. The next chapter explains the existing type system, and includes
examples showing how to define new types. This is followed by a chapter
explaining the FLI implementation of pointers. The final chapter of the section
examines some of the more advanced topics within the FLI.

The reference section consists of a chapter documenting the functions and
macros that constitute the FLI, and a chapter documenting the FLI variables
and types.
v
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1Introduction to the FLI
The Foreign Language Interface (FLI) is an extension to LispWorks which
allows you to call functions written in a foreign language from LispWorks,
and to call Lisp functions from a foreign language. The FLI currently supports
C (and therefore also the Win32 API for Windows users).

The main problem in interfacing different languages is that they usually have
different type systems, which makes it difficult to pass data from one to the
other. The FLI solves the problem of interfacing Lisp with C. It consists of FLI
types that have obvious parallels to the C types and structures, and FLI func-
tions that allow LispWorks to define new FLI types and set their values. The
FLI also contains functions for passing FLI objects to C, and functions for
receiving data from C.

The following example can also be found in the examples directory. Note that
the actual source code may differ from the documentation. This is due to the
differences in operating systems and available compilers.

1.1  An  example of how to interface a foreign function
The following example shows how to use the FLI to call a C function. The
function to interface with, FarenheitToCelsius , takes one integer as its argu-
ment (the temperature in Farenheit) and returns the result as a single float (the
temperature in Celsius).
1
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The example consists of three stages: defining a foreign language interface to
the C function, loading the foreign code into the Lisp image, and calling the C
function to obtain the results.

1.1.1  Defining the FLI  function

The FLI provides the macro define-foreign-function  for creating interfaces
to foreign functions. It takes the name of the function you wish to interface to,
the argument types the function accepts, and the result type the function
returns.

Given the following C declaration to FarenheitToCelsius :

float FarenheitToCelsius( int );

The FLI interface is as follows:

(fli:define-foreign-function
    (farenheit-to-celsius "FarenheitToCelsius" :source)
    ((farenheit :int))
  :result-type :float
  :language :ansi-c
  )

The first argument to define-foreign-function  declares that
farenheit-to-celsius  is the name of the Lisp function that is generated to
interface with the C function FarenheitToCelsius . The :source  keyword is a
directive to the define-foreign-function  name mangler that Farenheit-

ToCelsius  is the name of the C function as seen in the source files. On some
platforms the actual symbol name available in the foreign object file we are
inferfacing with could include character prefixes such as ". " and "_", and so
the :source  keyword encoding allows you to write cross-platform portable
foreign language interfaces.

The second argument to fine-foreign-function , ((farenheit :int)) , is the
argument list for the foreign function. In this case, only one argument is
required. The first part of each argument descriptor is the lambda argument
name. The rest of the argument describes the type of argument we are trying
ot interface to and how the conversion from Lisp to C is performed. In this
case the foreign type :int  specifies that we are interfacing between a Lisp
integer and a C type "int".
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The :result-type  keyword tells us that the conversion required between the
C function and Lisp uses the foreign type :float . This tells Lisp that C will
return a result of type "float", which needs to be converted to a Lisp single-
float.

The final keyword argument, :language , specifies which language the foreign
function was written in. In this case the example uses ansi C. The main effect
of this keyword is to determine how single-floating point valueas are passed
to the C function. When :ansi-c  is specified single floats are passed through
as single-floats, otherwise they are passed through as double floats.

1.1.2  Loading foreign code

Once an interface has been created, the object code defining those functions
(and indeed any variables) must be made available to LispWorks.

In Unix, LispWorks defines the function link-load:read-foreign-modules

that either load object files (usually suffixed with ".o ") directly into the Lisp
image, extract any required object files from the available archive libraries
(usually suffixed with ".a "), or load in shared libraries (usually suffixed with
".so "). The read-foreign-modules  function takes a list of module names as its
argument.

In Windows the function register-module  is the LispWorks interface to
Dynamic Link Load (DLL) files. It is used to specify which DLLs are looked
up when searching for foreign symbols. For example,

(fli:register-module "MYDLL")

registers a connections to the DLL "MYDLL.DLL".

1.1.3  Calling foreign code

Calling the foreign code is the simplest part of using the FLI. The interface to
the C function, defined using define-foreign-function , is called like any
other Lisp function. In our example, the farenheit-to-celsius  function
takes the temperature in Farenheit as its only argument, and returns the tem-
perature in Celsius.
3
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1.2  Using the FLI to get the cursor position
Note: The rest of the examples in this chapter only work for LispWorks for the
Windows operating system.

The following example shows how to use the FLI to call a C function in a
Win32 library. The function we are going to call returns the screen position of
the mouse pointer, or cursor. The example consists of three stages: setting up
the correct data types to pass and receive the data, defining and calling an FLI
function to call the Win32 function, and collecting the values returned by the
Win32 function to find where the cursor is.

1.2.1  Defining FLI types

The example uses the FLI to find the position of the cursor using the Windows
function GetCursorPos , which has the following C prototype:

BOOL GetCursorPos( LPPOINT )

The LPPOINT argument is a pointer to the POINT structure, which has the fol-
lowing C definition:

typedef struct tagPOINT {
    LONG x;
    LONG y;
} POINT;

First we use the fli:define-c-typedef  macro to define a number of basic
types which are needed to pass data to and from the Windows function.

(fli:define-c-typedef bool (:boolean :int))

(fli:define-c-typedef long :long)

This defines two types, BOOL and LONG, which are used to associate a Lisp
boolean value (t  or nil ) with a C boolean of type int , and a Lisp bignum  with
a C long . These are required because the Windows function GetCursorPos

returns a boolean to indicate if it has executed successfully, and the cursor’s x
and y positions are specified in a long  format in the POINT structure.

Next, we need to define a structure for the FLI which is used to get the coordi-
nates of the cursor. These coordinates will consist of an x and a y position. We
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use the fli:define-c-struct  macro for this, and the resulting Lisp FLI code
has obvious parallels with the C tagPOINT  structure.

(fli:define-c-struct tagpoint
  (x long)
  (y long))

The tagPOINT  structure for the FLI, corresponding to the C structure of the
same name, has been defined. This now needs to be further defined as a type
for the FLI, using fli:define-c-typedef .

(fli:define-c-typedef point (:struct tagpoint))

Finally, a pointer type to point to the structure is required. It is this FLI pointer
which will be passed to the Windows function GetCursorPos , so that GetCur-

sorPos  can change the x  and y  values of the structure pointed to.

(fli:define-c-typedef lppoint (:pointer point))

All the required FLI types have now been defined. Although it may seem that
there is a level of duplicity in the definitions of the structures, pointers and
types in this section, this was necessary to match the data structures of the C
functions to which the FLI will interface. We can now move on to the defini-
tion of FLI functions to perform the interfacing.

1.2.2  Defining an FLI function

This next step uses the define-foreign-function  macro to define an FLI
function, or interface function, to be used to call the GetCursorPos  function.
An interface function takes its arguments, converts them into a C format, calls
the foreign function, receives the return values, and converts them into a suit-
able Lisp format.

(fli:define-foreign-function (get-cursor-position "GetCursorPos")
  ((lp-point lppoint))
  :result-type bool)

In this example, the defined FLI function is get-cursor-position . It takes as
its argument a pointer of type lppoint , converts this to a C format, and calls
GetCursorPos . It takes the return value it receives from GetCursorPos  and
converts it into the FLI bool  type we defined earlier.
5
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We have now defined all the types and functions required to get the cursor
position. The next step is to allocate memory for an instance of the tagPOINT

structure using fli:allocate-foreign-object . The following line of code
binds location  to a pointer that points to such an instance.

(setq location (fli:allocate-foreign-object :type 'point))

Finally, we can use our interface function get-cursor-position  to get the cur-
sor position:

(get-cursor-position location)

1.2.3  Accessing the results

The position of the cursor is now stored in a POINT structure in memory, and
location  is a pointer to that location. To find out what values are stored we
use the fli:foreign-slot-value  accessor, which returns the value stored in
the specified field of the structure.

(fli:foreign-slot-value location 'x)

(fli:foreign-slot-value location 'y)

1.3  Using the FLI to set the cursor position
A similar Windows function, SetCursorPos , can be used to set the cursor
position. The SetCursorPos  function takes two LONGs. The following code
defines an interface function to call SetCursorPos .

(fli:define-foreign-function (set-cursor-position "SetCursorPos")
    ((x long)
     (y long))
  :result-type bool)

For example, the cursor position can now be set to be near the top left corner
by simply using the following command:

(set-cursor-position 20 20)

For a more extravagant example, define and execute the following function:
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(defun test-cursor ()
  (dotimes (x 10)
    (dotimes (d 300)
      (let ((r (/ (+ d (* 300 x)) 10.0)))
           (set-cursor-position
              (+ 300 (floor (* r (cos (/ (* d pi) 150.0)))))
              (+ 300 (floor (* r (sin (/ (* d pi) 150.0)))))
           )))))

(test-cursor)

1.4  An example of dynamic memory allocation
In the previous example our defined interface function get-cursor-position

used the function fli:allocate-foreign-object  to allocate memory for an
instance of a POINT structure. This memory is now reserved, with a pointer to
its location bound to the variable location . More detailed information on
pointers is available in Chapter 3,  “FLI Pointers”. To free the memory associ-
ated with the foreign object requires the use of the function fli:free-

foreign-object .

(fli:free-foreign-object location)

There are other methods for dealing with the question of memory manage-
ment. The following example defines a Lisp function that returns the x and y
coordinates of the cursor without permanently tying up memory for struc-
tures that are only used once.

(defun current-cursor-position ()
  (fli:with-dynamic-foreign-objects ()
    (let ((lppoint (fli:allocate-dynamic-foreign-object
                    :pointer-type 'lppoint)))
      (if (get-cursor-position lppoint)
        (values t (fli:foreign-slot-value lppoint 'x)
                  (fli:foreign-slot-value lppoint 'y))
        (values nil 0 0)))))

On calling current-cursor-position  the following happens:

1. The macro fli:with-dynamic-foreign-objects  is called, which
ensures that the lifetime of any allocated objects is within the scope of
the code specified in its body.
7
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2. The function fli:allocate-dynamic-foreign-object  is called to create
an instance of the relevant data structure required to get the cursor posi-
tion. Refer to it using the lppoint  pointer.

3. The previously defined foreign function get-cursor-position  is called
with lppoint .

4. Provided the call to GetCursorPos  was successful the function fli:for-

eign-slot-value  is called twice, once to return the value in the x  slot
and again to return the value in the y  slot. If the call was unsuccessful
then 0 0 nil  is returned.

1.5  Summary
In this chapter an introduction to some of the FLI functions and types was pre-
sented. Some examples demonstrating how to interface LispWorks with Win-
dows and C functions were presented. The first example involved defining a
foreign function using define-foreign-function  to call a C function that
converts between Farenheit and Celsius. The second involved setting up for-
eign types, using the FLI macros fli:define-c-typedef  and fli:define-c-

struct , and defining a foreign function using the FLI macro fli:define-

foreign-function , with which to obtain data from the Windows function
GetCursorPos . The third example consisted of defining a foreign function to
pass data to the Windows function SetCursorPos . A further example illus-
trated how to manage the allocation of memory for creating instances of for-
eign objects more carefully using the FLI macro fli:with-dynamic-foreign-

object .
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2FLI Types
A central aspect of the FLI is implementation of foreign language types. FLI
variables, function arguments and temporary objects have predictable proper-
ties and structures which are analogous to the properties and structures of the
types found in C. The FLI can translate Lisp data objects into FLI data objects,
which are then passed to the foreign language, such as C. Similarly, data can
be passed from C or the Windows functions to the FLI, and then translated
into a suitable Lisp form. The FLI types can therefore best be seen as an inter-
mediate stage in the passing of data between Lisp and other languages.

Here are some of the features and sorts of foreign types:

• Consistency — Foreign types behave in a consistent and predictable
manner. There is only one definition for any given foreign type.

• Parameterized types — these can be created using a deftype -like syn-
tax. The macro define-foreign-type  provides a simple mechanism for
creating parameterized types.

• Encapsulated types — the ability to define a new foreign type as an
extension to an existing type definition is provided. All types are con-
verters between Lisp and the foreign language. New types can be
defined to add an extra level of conversion around an existing type. The
macro fli:define-foreign-converter  and the foreign type :wrapper

provide this functionality.
9
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• Generalized accessors — previously foreign pointers, structures, and
arrays could only be dereferenced by calling specialized accessors for
the given type. This caused problems with type definitions correspond-
ing to C types defined using unnamed structures.

The FLI no longer creates the named accessors. Instead, several general-
ized accessors use information stored within the foreign type object in
order to destructure the foreign object. These accessors are
fli:foreign-slot-value , fli:foreign-aref-with-no-allocation ,
foreign-aref  and dereference .

• Documentation for types — foreign type definitions can now include
documentation strings.

• Specialized type constructors — to make the definition of the Lisp to C
interfaces even easier several new type constructor macros have been
created to mimic the C type constructors typedef , enum, struct , and
union . The new FLI constructors are define-c-typedef , define-c-

enum, define-c-struct  and define-c-union . Note that the equivalent
foreign types for most standard C types are already available within the
FLI (known exclusions are long double  and long long ).

There are two fundamental sorts of FLI types: immediate and aggregate. Imme-
diate types, which correspond to the C fundamental types, are so called
because they are basic data types such as integers, booleans and bytes which
have a direct representation in the computer memory. Aggregate types, which
correspond to the C derived types, consist of a combination of immediate
types, and possible of smaller aggregate types. Examples of aggregate types
are arrays and structures. Any user defined type is an aggregate type.

2.1  Immediate types
The immediate types are the basic types used by the FLI to convert between
Lisp and a foreign language. Table 2.1 shows the immediate types of the FLI.

Table 2.1  FLI immediate types

:boolean :lisp-double-float

:byte :lisp-float



2.1 Immediate types
For details on each immediate type, see the relevant reference entry.

2.1.1  Integral types

Integral types are the FLI types that represent integers. They consist of the fol-
lowing: :int , :byte , :long , :short , :signed , :unsigned  and :enum .

Integral types can be combined in a list for readability and compatibility pur-
poses with the foreign language, although when translated to Lisp such com-
binations are usually returned as a Lisp integer , or a fixnum  for byte sized
combinations. For example, a C unsigned long  can be represented in the FLI
as an (:unsigned :long) .

2.1.2  Floating point types

The FLI provides several different immediate types for the representation of
floating point numbers. They consist of the following: :float , :lisp-double-

float , :lisp-float , and :lisp-single-float . The floating types all associate
equivalent Lisp and C types, except the :lisp-float , which can take a modi-
fier to cause an associations between different floating types. A :lisp-float

associates a Lisp float  with a C float  by default, but a declaration of (:lisp-

float :double)  corresponds to a C double , for example.

2.1.3  Character types

The FLI provides the :char  type to interface a Lisp character  with a C char .

:char :lisp-single-float

:const :long

:double :pointer

:enum :short

:float :signed

:int :unsigned

Table 2.1  FLI immediate types
11
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2.1.4  Boolean types

The FLI provides the :boolean  type to interface a Lisp boolean value (t  or
nil ) with a C int  (0 corresponding to nil , and any other value corresponding
to t) . The :boolean  type can be modified to make it correspond with other C
types. For example, (:boolean :byte ) would associate a Lisp boolean with a
C byte , and (:boolean :long)  would associate a Lisp boolean with a C long .

2.1.5 Pointer types

Pointers are discussed in detail in Chapter 3,  “FLI Pointers”. Further details
can also be found in the reference entry for :pointer .

2.2  Aggregate types
Aggregate types are types such as arrays, pointers, and structures. The inter-
nal structure of an aggregate type is not transparent in the way that immedi-
ate types are. For example, two structures may have the same size of 8 bytes,
but one might partition its bytes into two integers, whereas the other might be
partitioned into a byte, an integer, and another byte. The FLI provides a num-
ber of functions to manipulate aggregate types. A feature of aggregate types is
that they are usually accessed through the use of pointers, rather than directly.

2.2.1  Arrays

The FLI has two predefined array types: the :c-array  type, which corre-
sponds to C arrays, and the :foreign-array  type. The two types are the same
in all aspects but one: if you attempt to pass a :c-array  by value through a
foreign function, the starting address of the array is what is actually passed,
whereas if you attempt to pass a :foreign-array  in this manner, an error is
raised.

For examples on the use of FLI arrays refer to :c-array  and :foreign-array

in Chapter 6.

2.2.2  Strings

The FLI provides two foreign types to interface Lisp and C strings, :ef-wc-

string  and ef-mb-string .



2.2 Aggregate types
The :ef-mb-string  converts between a Lisp string and an external format C
multi-byte string. A maximum number of bytes must be given as a limit for
the string size.

The :ef-wc-string  converts between a Lisp string and an external format C
wide character string. A maximum number of characters must be given as a
limit for the string size.

For more information on converting Lisp strings to foreign language strings
see the string types :ef-mb-string , :ef-wc-string , and the string functions
convert-from-foreign-string , convert-to-dynamic-foreign-string , and
with-foreign-string .

2.2.3  Structures and unions

The FLI provides the :struct  and :union  types to interface Lisp objects with
the C struct  and union  types.

To define types to interface with C structures, the FLI function define-c-

struct  is provided. In the next example it is used to define an FLI structure,
tagpoint :

(fli:define-c-struct tagpoint
  (x :long)
  (y :long)
  (visible (:boolean :byte))

This structure would interface with the following C structure:

typedef struct tagPOINT {
    LONG x;
    LONG y;
    BYTE visible;
} POINT;

The various elements of a structure are known as slots, and can be accessed
using the FLI foreign slot functions, foreign-slot-names , foreign-slot-

type , and foreign-slot-value . For example, the next commands set point

equal to an instance of tagPOINT , and set the Lisp variable names equal to a list
of the names of the slots of tagPOINT .

(setq point (fli:allocate-foreign-object :type ’tagpoint))

(setq names (fli:foreign-slot-names point))
13
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The next command finds the type of the first element in the List names, and
sets the variable name-type  equal to it.

(setq name-type (fli:foreign-slot-type point (car names)))

Finally, the following command sets point-to  equal to a pointer to the first
element of point , with the correct type.

(setq point-to (fli:foreign-slot-pointer point (car names)
                                        :type name-type))

The above example demonstrates some of the functions used to manipulate
FLI structures. The FLI :union  type is similar to the :struct  type, in that the
FLI slot functions can be used to access instances of a union. The convenience
FLI function define-c-union  is also provided for the definition of specific
union types.

2.3  Parameterized types
The define-foreign-type  and define-foreign-converter  types allow the
definition of parameterized types. For example, assume you want to create a
foreign type that matches the Lisp type unsigned-byte  when supplied with
an argument of one of 8, 16, or 32. The following code achieves this:

(fli:define-foreign-type unsigned-byte (&optional (bitsize ’*))
  (case bitsize
    (8 ’(:unsigned :byte))
    (16 ’(:unsigned :short))
    (32 ’(:unsigned :int))
    (otherwise (error "Illegal foreign type (~s ~s)"
                ’unsigned-byte bitsize))))

This defines the new foreign type unsigned-byte  that can be used anywhere
within the FLI as one of

• (unsigned-byte 8)

• (unsigned-byte 16)

• (unsigned-byte 32)

Specifying anything else returns an error.



2.4 Encapsulated types
2.4  Encapsulated types
With earlier version of the foreign function interface it was not possible to cre-
ate new foreign types that encapsulated the functionality of existing types.
The only way in which types could be abstracted was to create “wrapper”
functions that filtered the uses of a given type. The FLI contains the ability to
encapsulate foreign types, along with the ability to create parameterized
types. This enables you to easily create more advanced and powerful type def-
initions.

2.4.1  Passing Lisp objects to C

There are occasions when it is necessary to pass Lisp object references through
to C and then back into Lisp again. An example of this is the need to specify
Lisp arguments for a GUI action callback.

Using either the foreign type :wrapper  or the macro fli:define-foreign-

converter  a new foreign type can be created that wraps an extra level of con-
version around the Lisp to C or C to Lisp process.

2.4.2  An example

For example, let us assume that we want to pass Lisp object handles through
to C and then back to Lisp again. Passing C a pointer to the Lisp object is not
sufficient, as the Lisp object might be moved at any time, for example due to
garbage collection. Instead, we could assign each Lisp object to be passed to C
a unique int  handle. Callbacks into Lisp could then convert the handle back
into the Lisp object. This example is implemented in two ways: using the
:wrapper  type and using fli:define-foreign-converter

:wrapper Type

Allows the specification of automatic conversion functions between Lisp
and an instance of an FLI type.

:wrapper fli-type &key lisp-to-foreign foreign-to-lisp

Using :wrapper  we can wrap Lisp to C and C to Lisp converters around the
converters of an existing type:
15
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(fli:define-foreign-type lisp-object-wrapper ()
  "A mechanism for passing a Lisp object handle to C.
   Underlying C type is Lint"
 ‘(:wrapper :int
   :lisp-to-foreign find-index-for-object
   :foreign-to-lisp find-object-from-index))

If the :lisp-to-foreign  and :foreign-to-lisp  keyword arguments are not
specified, no extra conversion is applied to the underlying foreign type, caus-
ing it to behave like a standard :int  type.

See the reference entry for :wrapper  for more examples.

define-foreign-converter Function

Defines a new converter type for converting from Lisp to C and C to
Lisp.

define-foreign-converter fli-type object &key lisp-to-foreign foreign-to-lisp

A second method uses fli:define-foreign-converter , which is specifically
designed for the creation of new converter types (that is, types which wrap
extra levels of conversion around existing types). A simple use of define-

foreign-converter  is to only wrap extra levels of conversion around existing
Lisp to foreign and foreign to Lisp converters.

(fli:define-foreign-converter lisp-object-wrapper () object
  :foreign-type :int
  :lisp-to-foreign `(find-index-for-object ,object)
;; object will be the Lisp Object
  :foreign-to-lisp `(find-object-from-index ,object)
;; object will be the :int object
  :documentation "Foreign type for converting from lisp objects to
integers handles to lisp objects which can then be manipulated in
C. Underlying foreign type : 'C' int")

The definition of lisp-object-wrapper  using define-foreign-converter  is
very similar to the definition using :wrapper , and indeed the :wrapper  type
could be defined using define-foreign-converter .



2.5 The void type
2.5 The void type
The FLI provides the :void  type for interfacing with the C void  type. In accor-
dance with ANSI C, it behaves like an unsigned char . In practice you will
probably want to interface with a C void * , for which you should use the FLI
construction (:pointer :void) .

2.6  Summary
In this chapter the various FLI data types have been examined. FLI types per-
form a translation on data passed between Lisp objects and C objects, and
there are two main sorts of FLI types: immediate and aggregate. Immediate
types have a simple representation in computer memory, and represent
objects such as integers, floating point number and bytes. Aggregate types
have a more complicated structure in memory, and consist of structures,
arrays, strings, and unions. Parameterized and encapsulated types were also
discussed. Finally, a number of FLI types that perform specific functions, such
as the :void  type and the :wrapper  type, were examined.
17
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3FLI Pointers
Pointers are a central part of the C type system, and because Lisp does not
provide them directly, one of the core features of the FLI is a special pointer
type that is used to represent C pointers in Lisp. This chapter discusses how to
use FLI pointers by examining some of the functions and macros which allow
you to create and manipulate them.

An FLI pointer is an FLI object containing a memory address and a type speci-
fication. The implication is that the pointer points to an object of the type spec-
ified at the memory address, although a pointer can point to a memory
location not containing an allocated FLI object, or an object that was allocated
with a different type. Pointers can also point to other pointers, and even to
functions.

3.1  Creating and copying pointers
Many FLI functions when evaluated return a pointer to the object created. For
example, a command such as

(fli:allocate-foreign-object :type :int)

will return something similar to the following:

#<Pointer to type :INT = #x007608A0>
19
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This is an FLI pointer object, pointing to an object at address #x007608A0  of
type :int . Note that the memory address given in the return string is in hexa-
decimal format, but when using the FLI pointer functions and macros dis-
cussed in this chapter you should pass values as decimals.

To use the pointer in the future it needs to be bound to a Lisp variable. This
can be done by using setq .

(setq point1 (fli:allocate-foreign-object :type :int)

However, to make a copy of a pointer it is not sufficient to do the following:

(setq point2 point1)

This simply sets point2  to contain the same pointer object as point1 . Thus if
the pointer is changed using point1 , a similar change is observed when look-
ing in point2 . To create a distinct copy of the pointer object you should use
copy-pointer , which returns a new pointer object with the same address and
type as the old one, as the following example shows.

(setq point3 (fli:copy-pointer point1))

A pointer can be explicitly created, rather than being returned during the allo-
cation of memory for an FLI object, by using fli:make-pointer . In the next
example a pointer is made pointing to an :int  type at the address 100 , and is
bound to the Lisp variable point4 .

(setq point4 (fli:make-pointer :address 100 :type :int))

As a final note, pointers do take up memory. If a pointer is no longer needed it
should be deallocated using fli:free-foreign-object .

3.2  Pointer testing functions
A number of functions are provided for testing various properties of pointers.
The most basic, pointerp , tests whether an object is a pointer. In the following
examples the first expression returns nil , because 7 is a number, and not a
pointer. The second returns t  because point4  is a pointer.

(fli:pointerp 7)

(fli:pointerp point4)



3.3 Pointer dereferencing and coercing
The address pointed to by a pointer is obtained using pointer-address . For
example, the following expression returns the address pointed to by point4 ,
which was defined to be 100 .

(fli:pointer-address point4)

Pointers which point to address 0 are known as null pointers. Passing the Lisp
object nil  instead of a pointer results in nil  being treated as a null pointer.
The function fli:null-pointer-p  tests whether a pointer is a null pointer or
not. If the pointer is a null pointer the value t  is returned. We know that
point4  points to address 100  and is therefore not a null pointer. As a result,
the following expression returns nil .

(fli:null-pointer-p point4)

Another testing function is fli:pointer-eq  which returns t  if two pointers
point to the same address, and nil  if they do not. In the previous section we
created point3  by making a copy of point1 , and so both point to the same
address. Therefore the following expression returns t .

(fli:pointer-eq point1 point3)

Two functions are provided to return information about the object pointed to
by a pointer, fli:pointer-element-type  and fli:pointer-element-size . In
practice, it is the pointer which holds the information as to the type of the
object at a given memory location—the memory location itself only contains
data in the form of bytes. Recall that point1  was defined in the previous sec-
tion as a pointer to an :int . As a result the following two lines of code return
4 (the size of an :int ) and :int .

(fli:pointer-element-size point1)

(fli:pointer-element-type point1)

The question of pointer types is discussed further in the next section.

3.3  Pointer dereferencing and coercing
The fli:dereference  function returns the value stored at the location held by
a pointer, provided the type of the object is an immediate type and not a struc-
ture or an aggregate type. For now, you can consider immediate data types to
be the simple types such as :int , :byte , and :char , and aggregate types to
21
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consist of structures defined using :struct . Full details about types are given
in Chapter 2,  “FLI Types”, and the use of the fli:dereference  function with
aggregate types is discussed further in Chapter 4,  “Advanced Uses of the
FLI”.

The fli:dereference  function supports the setf  function which can there-
fore be used to set values at the address pointer to by the pointer. In the fol-
lowing example an integer is allocated and a pointer to the integer is returned.
Then fli:dereference  and setf  are used to set the value of the integer to 12 .
Finally, the value of the integer is returned using fli:dereference .

(setq point5 (fli:allocate-foreign object :type :int))

(setf (fli:dereference point5) 12)

(fli:dereference point5)

The function fli:dereference  has an optional :type keyword which can be
used to return the value pointed to by a pointer as a different type. This is
known as coercing a pointer. The default value for :type  is the type the
pointer is specified as pointing to. In the next example the value at point5  is
returned as a Lisp boolean even thought it was set as an :int . Because the
value at point5  is not 0, it is returned as t .

(fli:dereference point5 :type ’(:boolean :int))

Recall that at the end of the previous section the function fli:pointer-

element-type  was demonstrated. What follows is an example which uses this
function to clarify the issue of pointers and types.

The first action consists of allocating an integer, and setting up a pointer to
this integer:

(setq pointer-a (fli:allocate-foreign-object :type :int))

Now we use fli:copy-pointer  to make a copy of pointer-a , but with the
type of the new pointer changed to be a :byte . We call this pointer pointer-b .

(setq pointer-b (fli:copy-pointer pointer-a :type :byte))

We now have two pointers which point to the same memory location, but one
thinks it is pointing to an :int , and the other thinks it is pointing to a :byte .
Test this by using the following two commands:



3.3 Pointer dereferencing and coercing
(fli:pointer-element-type pointer-a)

(fli:pointer-element-type pointer-b)

Similar commands using fli:pointer-element-size  show that pointer-a  is
pointing to an element of size 4, and pointer-b  to an element of size 1.

So far we have seen the use of the :type  keyword to specify how to set up or
dereference a pointer to obtain values in the format we want. There is, how-
ever, a further level of abstraction in pointer typing which uses the :pointer-

type  keyword instead of the :type  keyword.

The following two commands produce identical pointers, but one uses the
:type  keyword, and the other uses the :pointer-type  keyword:

(fli:make-pointer :address 0 :type :int)

(fli:make-pointer :address 0 :pointer-type ’(:pointer :int))

In the instance above there is no advantage in using the :pointer-type

option. However, :pointer-type  can be very useful when used in combina-
tion with a defined type, as the next example shows.

Imagine you are writing a program with many statements creating pointers to
a certain type, for example :byte , and this is done using the :type  keyword. If
half way through coding the type to be pointed to was changed to a :char ,
every individual statement would need to be changed. However, if a general
pointer type had been defined at the start and all the statements had used the
:pointer-type  keyword to refer to that particular type, only one statement
would need to be changed: the initial definition of the pointer type. The fol-
lowing code illustrates this:

(fli:define-c-typedef my-pointer-type (:pointer :byte))

(fli:make-point :address 0 :pointer-type ’my-pointer-type)
...
(fli:make-point :address 100 :pointer-type ’my-pointer-type)

The above code consists of a definition of a new pointer type, called my-

pointer-type , which points to a :byte . Following it are one hundred lines of
code using my-pointer-type . If you decide that all the pointers made should
actually point to a :char , only the first line needs to be changed, as shown
below:
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(fli:define-c-typedef my-point-type (:pointer :char))

The program can now be re-compiled. The use of :pointer-type  with point-
ers is thus analogous to the use of constants instead of absolute numbers in
programming.

3.4  An example of dynamic pointer allocation
When a pointer is created, using fli:make-pointer , or due to the allocation of
a foreign object, memory is put aside to store the details of the pointer. Thus
the pointer has to be deallocated using fli:free-foreign-object  when it is
no longer needed in order to avoid tying up memory unnecessarily. However,
if a pointer is only needed within the scope of a particular section of code,
there is an FLI macro, fli:with-coerced-pointer , which can be used to cre-
ate a temporary pointer which is automatically deallocated at the end of the
code. The next example illustrates the use of this macro.

To start with, we need an object to use the temporary pointer on. The follow-
ing code allocates ten consecutive integers, and sets their initial values.

(setf array-obj
      (fli:allocate-foreign-object :type :int
                  :nelems 10
                  :initial-contents
                  '(0 1 2 3 4 5 6 7 8 9)))

When the ten integers are created, fli:allocate-foreign-object  returns a
pointer to the first one. The next piece of code uses fli:with-coerced-

pointer  to create a copy of the pointer, which is then used to print out the
contents of the ten integers. At the end of the printing, the temporary pointer
is automatically deallocated.

(fli:with-coerced-pointer (temp) array-obj
  (dotimes (x 10)
    (print (fli:dereference temp))
    (fli:incf-pointer temp)))

The above example also illustrates the use of the fli:incf-pointer , which
increases the address stored in a pointer by the size of the object pointed to.
There is a similar function called fli:decf-pointer , which decreases the
address held by a pointer in a similar fashion.



3.5 More examples of allocation and pointer allocation
3.5  More examples of allocation and pointer allocation
The functions allocate-dynamic-foreign-object , allocate-foreign-

object , alloca , and malloc  can take the keyword arguments :type  and
:pointer-type . It is important to understand the difference between these
two arguments.

The :type  argument is used to specify the name of the FLI type to allocate.
Once such an object has been allocated a foreign pointer of type
(:pointer type)  is return, which points to the allocated type. Without this
pointer it would not be possible to refer to the object.

The :pointer-type  argument is used to specify an FLI pointer type. If it is
used a pointer type of the form (:pointer type) must be specified with it. The
function then allocates an object of type type, and a pointer to the object of
type type is returned.

In this first example you can see how to allocate an integer in C, and in
LispWorks using the :type  and the :pointer-type  arguments.

C   > (int *)malloc(sizeof(int))

FLI > (fli:allocate-foreign-object :type :int)
      => #<Pointer to type :INT = #x007E1A60>

FLI > (fli:allocate-foreign-objects
                  :pointer-type ’(:pointer :int))
      => #<Pointer to type :INT = #x007E1A60>

3.6  Summary
In this chapter the use of FLI pointers was examined. A number of FLI func-
tions useful for copying, creating and testing the properties of a pointer were
presented. The use of the fli:dereference  function for obtaining the value
pointed to by a pointer was examined, as was the coercing of a pointer—
namely dereferencing a pointer to an object in a manner which returns the
value found there as a different type. Finally, an example of the use of the
fli:with-coerced-pointer  macro was given to illustrate the use of tempo-
rary pointers for efficient memory management.

In the next chapter some advanced topics of the FLI are examined in greater
detail.
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4Advanced Uses of the FLI
Note: The examples in this chapter only work for LispWorks for the Windows
operating system.

This is the final chapter of the user guide section of this manual. It provides a
selection of examples which demonstrate some of the more advanced uses of
the FLI.

4.1  Passing a string to a Windows function
The following example shows how to define a Lisp function which calls a
Win32 API function to change the title of the active window. It demonstrates
the use of define-foreign-function  and with-foreign-string  to pass a
Lisp string to a Windows function.

The first step involves defining an FLI type to correspond to the Windows
hwnd type, which is the window handle type.

(fli:define-c-typedef fli-hwnd
  (:unsigned :long))

The next step consists of the foreign function definitions. The first foreign
function returns the window handle of the active window, by calling the Win-
dows function GetActiveWindow . It takes no arguments.
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(fli:define-foreign-function (get-act-window "GetActiveWindow")
    ()
  :result-type fli-hwnd
  :documentation "Returns the window handle of the active window
for the current thread. If no active window is associated with the
current thread then it returns 0.")

The next foreign function uses the Windows function SetWindowText  to set
the text of the active window titlebar. It takes a window handle and a pointer
to an FLI string as its arguments.

(fli:define-foreign-function (set-win-text "SetWindowText" :dbcs)
    ((hwnd fli-hwnd)
     (lpstring :pointer))
  :result-type :boolean
  :documentation "Sets the text of the window titlebar.")

The foreign function set-win-text  returns a boolean to indicate whether it
has successfully changed the title bar.

The required FLI data types and foreign functions have been defined. What is
now required is a Lisp function which uses them to change the titlebar of the
active window. The next function does this:

(defun set-active-window-text (new-text)
  (let ((active-window (get-act-window))
        (external-format (if (string= (software-type)
                                      "Windows NT")
                             :unicode
                           :ascii)))
    (unless (zerop active-window)
      (fli:with-foreign-string (new-ptr element-count byte-count
                                :external-format external-format)
                               new-text
        (declare (ignore element-count byte-count))
        (set-win-text active-window new-ptr)))))

The function set-active-window-text  takes a Lisp string as its argument,
and does the following:

1.  It calls the foreign function get-act-window  to set the variable active-

window  to be the handle of the active window. If no window is active,
this will be zero.



4.2 Defining new types
2. The variable external-format  is set to be :unicode  if the operating sys-
tem is Windows NT (which expects strings to be passed to it in unicode
format), otherwise it is set to be :ascii .

3. If active-window  is zero, then there is no active window, and the func-
tion terminates, returning nil .

4. If active-window  is not zero, then it contains a window handle, and the
following happens:

The function uses fli:with-foreign-string  to convert the Lisp string
argument of the function into an FLI string, and a pointer to the FLI
string is allocated, ready to be handed to the foreign function set-win-

text  that we defined earlier. The format of the string is set to be exter-

nal-format , which is the suitable format for the operating system run-
ning on the computer. Once the window title has been set, with-

foreign-string  automatically deallocates the memory that was allo-
cated for the FLI string and the pointer. The function then terminates,
returning t .

You can test that this is what happens by entering the command:

(set-active-window-text "A new title for the active window")

See with-foreign-string ,  page 89, for more details on the use of foreign
strings.

4.2  Defining new types
The FLI provides the fli:define-foreign-type  macro for defining new FLI
types, using the basic FLI types that you have seen in Chapter 2. The next
example shows you how to define a new array type that only takes an odd
number of dimensions.

(fli:define-foreign-type odd-array (element &rest dimensions)
   (unless (oddp (length dimensions))
     (error "Can't define an odd array with even dimensions - try
adding an extra dimension!"))
               `(:c-array ,element ,@dimensions))

The new array type is called odd-array , and takes an FLI type and a sequence
of numbers as its arguments. When trying to allocate an odd-array , if there
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are an even number of items in the sequence then an error is raised. If there
are an odd number of items then an instance of the array is allocated. The next
command raises an error, because a 2 by 3 array has an even dimension.

(fli:allocate-foreign-object :type '(odd-array :int 2 3))

However, adding an extra dimension and defining a 2 by 3 by 4 array works:

(fli:allocate-foreign-object :type '(odd-array :int 2 3 4))

For more information on defining types see define-foreign-type ,  page 54.

4.3  Foreign callables and foreign functions
The two main macros for interfacing LispWorks with a foreign language are
fli:define-foreign-callable  which defines Lisp functions that can be
called from the foreign language, and fli:define-foreign-function  which
defines a short linking function that can call functions in a foreign language.

In Chapter 1,  “Introduction to the FLI” we defined a foreign function for call-
ing the Win32 function SetCursorPos . The code for this example is repeated
here.

(fli:define-foreign-function (set-cursor-position "SetCursorPos")
    ((x :long)
     (y :long))
  :result-type :boolean)

Figure 4.1 is an illustration of set-cursor-position , represented by a square,
calling the C code which constitutes SetCursorPos .

Figure 4.1  An FLI foreign function calling some C code.

Lisp  C



4.3 Foreign callables and foreign functions
The next diagram, Figure 4.2, illustrates a callable function. Whereas a foreign
function consists of a Lisp function name calling some code in C, a callable
function consists of Lisp code, represented by an oval in the diagram, which
can be called from C.

Figure 4.2  C calling a callable function in Lisp.

Callable functions are defined using fli:define-foreign-callable , which
takes as its arguments, amongst other things, the name of the C function that
will call Lisp, the arguments for the callable function, and a body of code
which makes up the callable function.

The following Lisp code defines a foreign callable function that takes the place
of the Windows function SetCursorPos .

(fli:define-foreign-callable ("SetCursorPos"
                              :result-type :boolean)
  ((x :long) (y :long))
  (capi:display-message
     "The cursor position can no longer be set"))

Figure 4.3 illustrates what happens when set-cursor-position  is called. The
foreign function set-cursor-position  (represented by the square) calls what
it believes to be the Windows function SetCursorPos , but the callable function
(represented by the oval), also called SetCursorPos , is called instead. It pops
up a CAPI pane displaying the message “The cursor position can no longer be
set”.

Lisp  C
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Figure 4.3  An FLI foreign function calling a callable function.

For more information on calling foreign code and defining foreign callable
functions see define-foreign-function ,  page 50, and define-foreign-

callable ,  page 48.

4.4  Using DLLs within the LispWorks FLI
In order to use functions defined in a dynamically linked library (DLL) within
the LispWorks FLI, the functions need to be exported from the DLL. This can
be done in three ways:

1. Use a __declspec(ddlexport)  declaration in the C file.

In this case you should also make the functions use the stdcall  calling
convention, which removes another level of name mangling.

2. Use an /export  directive in the link command.

3. Use a .def  file.

An example of method 3 follows. Let us assume you have the following C
code in a file called example.c .

int _stdcall MultiplyMain(void *hinstDll,unsigned long
                          dwReason,void *reserved)
 {
  return(1);
 }

int multiply (int i1, int i2)
 { int result;
  result = i1 * i2 * 500;
  return result;
 }

Lisp  C
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Then you can create a DLL by, for example, using a 32 bit C compiler such as
lcc.

lcc -O -g2 example.c
lcclnk.exe -dll -entry MultiplyMain example.obj
example.def -subsystem
windows

You now need to create a multiply.def  file that contains the following line

exports multiply=multiply

to export the function multiply  as the symbol multiply . If you only include
the line “exports multiply ” then the name of the external symbol is likely to
be “_multiply ” or “_multiply@8 ” depending on whether the function is com-
piled as __cdecl  or __stdcall . The addition of the “= multiply ” overrides
the internal function name with the new name.

If you run either Windows 95 or Windows NT4, then you can view the list of
exported symbols from a given DLL by selecting the DLL from an explorer,
then right clicking on it and selecting QuickView. This brings up some text
about the DLL.

Finally, you should use the LispWorks FLI to define your C function in your
Lisp code. This definition should look something like:

(fli:define-foreign-function (multiply "multiply")
     ((x :int)
      (y :int))
   :result-type int
   :module :my-dll
   :calling-convention :cdecl)

Note that the define-foreign-function  also includes a :calling-conven-

tion  keyword to specify that the function we are interfacing to is defined as
using the __cdecl  calling convention.

4.5  Summary
In this chapter a number of more advanced examples have been presented to
illustrate various features of the FLI. The use of the FLI to pass strings dynam-
ically to Win32 API functions was examined, as was the definition of new FLI
types and the use of callable functions and foreign functions.
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The next two chapters form the reference section of this manual. They provide
reference entries for the functions, macros, and types which make up the FLI.
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5Function and Macro
Reference
alloca Function

Summary A synonym for allocate-dynamic-foreign-object .

Package fli

Signature alloca &key type pointer-type initial-element initial-contents
nelems => pointer

Description The function alloca  is a synonym for allocate-dynamic-

foreign-object .

See Also allocate-dynamic-foreign-object

allocate-dynamic-foreign-object Function

Summary Allocates memory for an instance of a foreign object within
the scope of a with-dynamic-foreign-objects  macro.

Package fli
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Signature allocate-dynamic-foreign-object &key type pointer-type
initial-element initial-contents
nelems => pointer

Arguments type An FLI type specifying the type of the object
to be allocated. If type is supplied, pointer-
type must not be supplied.

pointer-type An FLI pointer type specifying the type of
the pointer object to be allocated. If pointer-
type is supplied, type must not be supplied.

initial-element A keyword setting the initial value of every
element in the newly allocated object to ini-
tial-element.

initial-contents A list of forms which initialize the contents
of each element in the newly allocated
object.

nelems An integer specifying how many copies of
the object should be allocated. The default
value is 1.

Values pointer A pointer to the specified type or pointer-type.

Description The function allocate-dynamic-foreign-object  allocates
memory for a new instance of an object of type type or an
instance of a pointer object of type pointer-type within the
scope of the body of the macro with-dynamic-foreign-

object . Once this macro has executed, the memory allocated
using allocate-dynamic-foreign-object  is therefore auto-
matically freed for other uses.

Example A full example using with-dynamic-foreign-objects  and
allocate-dynamic-foreign-object  is given in “An example
of dynamic memory allocation” on page 7.

See Also allocate-foreign-object



with-dynamic-foreign-objects

allocate-foreign-object Function

Summary Allocates memory for an instance of a foreign object.

Package fli

Signature allocate-foreign-object &key type pointer-type initial-element
initial-contents nelems => pointer

Arguments type An FLI type specifying the type of the object
to be allocated. If type is supplied, pointer-
type must not be supplied.

pointer-type An FLI pointer type specifying the type of
the pointer object to be allocated. If pointer-
type is supplied, type must not be supplied.

initial-element A keyword setting the initial value of every
element in the newly allocated object to ini-
tial-element.

initial-contents A list of forms which initialize the contents
of each element in the newly allocated
object.

nelems An integer specifying how many copies of
the object should be allocated. The default
value is 1.

Values pointer A pointer to the specified type or pointer-type.

Description The function allocate-foreign-object  allocates memory
for a new instance of an object of type type or an instance of a
pointer object of type pointer-type. Memory allocated in this
manner must be explicitly freed using free-foreign-object

once the object is no longer needed.
37



Function and Macro Reference

38
Example In the following example a structure is defined and an
instance with a specified initial value of 10 is created with
memory allocated using allocate-foreign-object . The
dereference  function is then used to get the value that point

points to.

(fli:define-c-typedef LONG :long)

(setq point (fli:allocate-foreign-object
             :type ’LONG
             :initial-element 10))

(fli:dereference point)

See Also allocate-dynamic-foreign-object

free-foreign-object

convert-from-foreign-string Function

Summary Converts a foreign string to a Lisp string.

Package fli

Signature convert-from-foreign-string pointer &key external-format
length null-terminated-p => string

Arguments pointer A pointer to a foreign string.

external-format A keyword specifying the format of the for-
eign string.

length The length of the string to convert.

null-terminated-p If t , it is assumed the string terminates with
a null character. The default value for null-
terminated-p is t .

Values string A Lisp string.



Description The function convert-from-foreign-string , given a pointer
to a foreign string, converts the foreign string to a Lisp string.
The pointer does not need to be of the correct type, as it will
automatically be coerced to the correct type as specified by
the external-format keyword.

The external-format keyword is used to specify the format of
the foreign string. It defaults to a format appropriate for C
string of type char* . For Unicode encoded strings, specify
:unicode . If you want to receive a string from the Win32 API,
known as STR in the Win32 API terminology, specify *multi-

byte-code-page-ef* , which is a variable holding the exter-
nal format corresponding to the current Windows multi-byte
code page.

Either length or null-terminated-p must be non-nil . If null-ter-
minated-p is t  and length is not specified, it is assumed that
the foreign string to be converted is terminated with a null
character.

See Also convert-to-dynamic-foreign-string

with-foreign-string

convert-to-dynamic-foreign-string Function

Summary Converts a Lisp string to a foreign string within the scope of
the body of a with-dynamic-foreign-objects  command.

Package fli

Signature convert-to-dynamic-foreign-string string &key
external-format null-terminated-p => pointer length

Arguments string A Lisp string.

external-format A keyword specifying the format to be used
for the foreign string.
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null-terminated-p If t , the foreign string terminates with a null
character. The default value is t .

Values pointer An FLI pointer to the foreign string.

length The length of the string (including the termi-
nating null character if there is one).

Description The function convert-to-dynamic-foreign-string  converts
a Lisp string to a foreign string, and returns a pointer to the
string and the length of the string. The memory allocation for
the string and pointer is within the scope of the body of a
with-dynamic-foreign-objects  command.

The external-format keyword is used to specify the format of
the foreign string. It defaults to a format appropriate for C
string of type char* . For Unicode encoded strings, specify
:unicode . If you want to pass a string to the Win32 API,
known as STR in the Win32 API terminology, specify *multi-

byte-code-page-ef* , which is a variable holding the exter-
nal format corresponding to the current Windows multi-byte
code page.

The null-terminated-p keyword specifies whether the foreign
string is terminated with a null character. It defaults to t .

See Also allocate-dynamic-foreign-object

convert-from-foreign-string

with-dynamic-foreign-objects

with-foreign-string

copy-pointer Function

Summary Returns a copy of a pointer object.

Package fli



Signature copy-pointer pointer &key type pointer-type => copy

Arguments pointer A pointer to copy.

type The type of the object pointer to by pointer.

pointer-type The type of pointer.

Values copy A copy of pointer.

Description The function copy-pointer  returns a copy of pointer.

Example In the following example a pointer point1  is created, point-
ing to a :char  type. The variable point2  is set equal to
point1  using setq , whereas point3  is set using copy-

pointer . When point1  is changed using incf-pointer ,
point2  changes as well, but point3  remains the same.

(setq point1 (fli:allocate-foreign-object :type
                                          :char))

(setq point2 point1)

(setq point3 (fli:copy-pointer point1))

(fli:incf-pointer point1)

The results of this can be seen by evaluating point1 , point2 ,
and point3 .

The reason for this behavior is that point1  and point2  are
Lisp variables containing the same foreign object; a pointer to
a char , whereas point3  contains a copy of the foreign pointer
object.

See Also make-pointer

decf-pointer Function

Summary Decreases the address held by a pointer.
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Package fli

Signature decf-pointer pointer &optional delta => number

Arguments pointer An FLI pointer.

delta An integer. The default is 1.

Values number The number of bytes the pointer address has
decreased by since it was created.

Description The function decf-pointer  decreases the address held by the
pointer. If delta is not given the address is decreased by the
size of the type pointed to by the pointer. The address can be
decreased by a multiple of the size of the type by specifying a
value for delta.

The function decf-pointer  is often used to move a pointer
through an array of values.

Example In the following example an array with 10 entries is defined.
A copy of the pointer to the array is made, and is incre-
mented and decremented.

(setq array-obj
      (fli:allocate-foreign-object :type :int
        :nelems 10
        :initial-contents '(0 1 2 3 4 5 6 7 8 9)))

(setq point1 (fli:copy-pointer array-obj))

(dotimes (x 9)
  (fli:incf-pointer point1)
  (print (fli:dereference point1)))

(dotimes (x 9)
  (fli:decf-pointer point1)
  (print (fli:dereference point1)))

See Also incf-pointer



define-c-enum Macro

Summary Defines an FLI enumerator type specifier corresponding to
the C enum type.

Package fli

Signature define-c-enum name &rest enumerator-list => list

enumerator-list ::= { entry-name | ( entry-name entry-value)}*

Arguments name The name of the new enumeration type
specifier.

enumerator-list A sequence of symbols, possibly with index
values, constituting the enumerator type.

entry-name A symbol.

entry-value An index value for an entry-name.

Values list The list (:enum name) .

Description The macro define-c-enum  is used to define an FLI enumera-
tor type specifier, which corresponds to the C enum type. It is
a convenience function, as an enumerator type could also be
defined using define-foreign-type .

Each entry in the enumerator-list can either consist of a sym-
bol, in which case the first entry has an index value of 0, or of
a list of a symbol and its corresponding index value.

Example In the following example an FLI enumerator type specifier is
defined, and the corresponding definition for a C enumerator
type follows.

(def-c-enum colors red green blue)

enum colors { red, green, blue};
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The next example illustrates how to start the enumerator
index list counting from 1, instead of from the default value
of 0.

(def-c-enum half_year (jan 1) feb mar apr may jun)

enum half_year { jan = 1, feb, mar, apr, may, jun }

See Also define-c-struct

define-c-typedef

define-c-union

define-foreign-type

define-c-struct Macro

Summary Defines an FLI structure type specifier corresponding to the
C struct  type.

Package fli

Signature define-c-struct name &rest slot-descriptions => list

slot-descriptions ::= { slot-name | ( slot-name slot-type)}*

Arguments name The name of the new structure type speci-
fier.

slot-descriptions A sequence of symbols, possibly with type
descriptions, naming the slots of the struc-
ture.

slot-name A symbol naming the slot.

slot-type The FLI type of the slot.

Values list The list (:struct name) .



Description The macro define-c-struct  is used to define an FLI struc-
ture type specifier, which corresponds to the C struct  type.
It is a convenience function, as a structure type could also be
defined using define-foreign-type .

A structure is an aggregate type, or collection, of other FLI
types. The types contained in a structure are referred to as
slots, and can be accessed using the foreign-slot-type  and
foreign-slot-value  functions.

Example In the following example a structure is defined using define-

c-struct , and the corresponding C code is given.

(fli:define-c-struct a-point (x :int)
                             (y :int)
                             (color :byte)
                             (ident :char))

struct a-point {
  int x;
  int y;
  byte color;
  char ident;
};

See Also define-c-enum

define-c-typedef

define-c-union

define-foreign-type

foreign-slot-names

foreign-slot-type

foreign-slot-value

define-c-typedef Macro

Summary Defines FLI type specifiers corresponding to type specifiers
defined using the C typedef  command.
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Package fli

Signature define-c-typedef name type-description => name

Arguments name The name of the new FLI type.

type-description A symbol or list defining the new type.

Values name The name of the new FLI type.

Description The define-c-typedef  macro is used to define FLI type spec-
ifiers, which corresponds to those defined using the C func-
tion typedef . It is a convenience function, as types can also
be defined using define-foreign-type .

Example In the following example three types are defined using the
FLI function define-c-typedef , and the corresponding C
definitions are then given.

(fli:define-c-typedef intptr (:pointer :int))
(fli:define-c-typedef bar (:struct (one :int)))

These are the corresponding C typedef  definitions:

typedef int *intptr;
typedef struct (int one;) bar;

See Also define-c-enum

define-c-struct

define-c-union

define-foreign-type

define-c-union Macro

Summary Defines an FLI union type corresponding to the C union  type.

Package fli



Signature define-c-union name &rest slot-descriptions => list

slot-descriptions ::= { slot-name | ( slot-name slot-type)}*

Arguments name The name of the new union type descriptor.

slot-descriptions A sequence of symbols, possibly with type
descriptions, naming the slots of the union.

slot-name A symbol naming the slot.

slot-type The FLI type of the slot.

Values list The list (:union name) .

Description The macro define-c-union  is used to define an FLI union
type specifier, which corresponds to the C union  type. It is a
convenience function, as a union type could also be defined
using define-foreign-type .

A union is an aggregate type, or collection, of other FLI types.
The types contained in a union are referred to as slots, and
can be accessed using the foreign-slot-type  and foreign-

slot-value  functions.

Example In the following example a union is defined using define-c-

union , and the corresponding C code is given.

(fli:define-c-union a-point (x :int)
                            (color :byte)
                            (ident :char))

union a-point {
  int x;
  byte color;
  char ident;
};

See Also define-c-enum

define-c-struct

define-c-typedef
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define-foreign-type

define-foreign-callable Macro

Summary Defines a Lisp function which can be called from a foreign
language.

Package fli

Signature define-foreign-callable ( foreign-name &key encode language
result-type no-check calling-convention) ( {args}*) &body body =>
lisp-name

args ::= { arg-name} | ( arg-name arg-type)

Arguments foreign-name A string or symbol naming the Lisp callable
function created.

encode By default, LispWorks performs automatic
name encoding to translate foreign-name

If you want to explicitly specify an encod-
ing, the encode option can be one of the fol-
lowing:

:source  tells LispWorks that foreign-name is
the function name to call from the foreign
source code. This is the default value of
encoding.

:object  tells LispWorks that foreign-name is
the literal name to be called in the foreign
object code.

:lisp  tells LispWorks that if foreign-name is a
Lisp symbol, it must be translated and
encoded.

:dbcs  adds a suffix onto the function name
which will automatically change depending
on whether Lisp image is started up in the



Windows NT or Windows 95 operating sys-
tem. The suffix is "A" for Windows 95 and "W"
for Windows NT.

language The language in which the foreign calling
code is written. The default is :c .

result-type The FLI type of the Lisp foreign callable
function’s return value which is passed back
to the calling code.

no-check If nil , the result of the foreign callable func-
tion, produced by body, is checked to see if
matches the result-type, and an error is raised
if they do not match. Setting no-check to t

overrides this check.

calling-convention

Specifies the calling convention used.

:stdcall  is the calling convention used to
call Win32 API functions and matches the C
declarator "__stdcall" .

:cdecl  is the default calling convention for
C/C++ programs and matches the C declar-
ator "__cdecl" .

args The arguments of the Lisp foreign callable
function. Each argument can consist either
of an arg-name, in which case LispWorks
assumes it is an :int , or an arg-name and an
arg-type, which is an FLI type.

body A list of forms which make up the Lisp for-
eign callable function.

Values lisp-name A string or symbol naming the Lisp callable
function created.
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Description The macro define-foreign-callable  defines a Lisp func-
tion that can be called from a foreign language, for example
from a C function. When the Lisp function is called, data
passed to it is converted to the appropriate FLI representa-
tion, which is translated to an appropriate Lisp representa-
tion for the Lisp part of the function. Once the callable
function exits, any return values are converted back into an
FLI format to be passed back to the calling language.

Example The following example demonstrates the use of foreign call-
able. A foreign callable function, square , is defined, which
takes an integer as its argument, and returns the square of the
integer.

(fli:define-foreign-callable
  ("square" :result-type :int)
  ((arg-1 :int)) (* arg-1 arg-1))

The foreign callable function, square , can now be called from
a foreign language. We can mimic a foreign call by using the
define-foreign-function  command to define an FLI func-
tion to call square .

(fli:define-foreign-function (call-two "square")
  ((in-arg :int)) :result-type :int)

The call-two  function can now be used to call square . The
next command is an example of this.

(call-two 9)

See Also define-foreign-function

define-foreign-variable

define-foreign-function Macro

Summary Defines a Lisp function which acts as an interface to a foreign
function.



Package fli

Signature define-foreign-function name ({ arg}*)
                        &key lambda-list

documentation result-type language
no-check calling-convention module

                             => lisp-name

name ::= lisp-name | ( lisp-name foreign-symbol [ encoding]) |
         ( lisp-name foreign-string [ encoding])

encoding ::= :source | :object | :lisp | :dbcs

arg ::= arg-name | ( arg-name arg-type) |
        (:constant value value-type)

language ::= :c | :ansi-c

calling-convention ::= :stdcall | :cdecl

Arguments name Either a symbol naming the defined Lisp
function, or a list containing the name of the
Lisp function, the corresponding foreign
function name and optionally an encoding
option.

lisp-name A symbol naming the defined Lisp function.

foreign-symbol A symbol naming the foreign function.

foreign-string A string containing the name of the foreign
function.

encoding An option controlling how the Lisp function
name is translated into the function name in
the foreign object code. The encoding option
can be one of the following:

:source  tells LispWorks that the string
foreign-string or the symbol foreign-symbol is
the name of the function in the foreign
source code. This is the default value of
encoding.
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:object  tells LispWorks that the string
foreign-string or the symbol foreign-symbol is
the literal name of the function in the foreign
object code.

:lisp  tells LispWorks that the symbol
foreign-symbol is a Lisp symbol and must be
translated and encoded.

:dbcs  adds a suffix onto the function name
which will automatically change depending
on whether Lisp image is started up in the
Windows NT or Windows 95 operating sys-
tem. The suffix is "A" for Windows 95 and "W"
for Windows NT.

arg Either an argument name, a list containing
an argument name and a type, or a list of the
form (:constant value value-type) . Lisp
arguments may take any name, but the
types must be accurately specified and listed
in the same order as in the foreign function,
unless otherwise specified using lambda-list.

If only an arg-name is supplied, then define-

foreign-function  assumes that it is of type
:int .

If arg is of the form (:constant value value-
type)  then value is always passed through to
the foreign code.

lambda-list The lambda list to be used for the defined
Lisp function. If this is not specified, the
lambda list is generated from the list of args.
The lambda-list keyword allows you to
define the order in which the Lisp function
takes its arguments to be different from the
order in which the foreign function takes



them, and to use standard lambda list key-
words such as &optional . The default value
of lambda-list is nil .

documentation A documentation string for the foreign func-
tion.

result-type The type of the foreign function’s return
value.

language The language in which the foreign source
code is written. The default is :c .

no-check If nil , the types of the arguments provided
when the Lisp function is called are com-
pared with the expected types and an error
is raised if they do not match. Setting no-
check to t  overrides this check.

If the compilation safety level is set to 0 then
no-check is automatically set to t . The default
value for no-check is nil .

calling-convention

Specifies the calling convention used.

:stdcall  is the calling convention used to
call Win32 API functions and matches the C
declarator "__stdcall" .

:cdecl  is the default calling convention for
C/C++ programs and matches the C declar-
ator "__cdecl" .

module Specifies the module in which the foreign
symbol is defined. If it is the name of a mod-
ule registered using register-module  then
that module is used to look up the symbol. If
the name of the module is a string then that
module is automatically registered and used
to look up the symbol.
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Values lisp-name A symbol naming the defined Lisp function.

Description The macro define-foreign-function  defines a Lisp func-
tion which acts as an interface to a foreign language function,
for example a C function. When the Lisp function is called its
arguments are converted to the appropriate foreign represen-
tation before being passed to the specified foreign function.
Once the foreign function exits, any return values are con-
verted back from the foreign format into a Lisp format.

The number and types of the Lisp function’s arguments must
be given, and optionally the type of the return value may be
specified too. The order in which the Lisp function takes its
arguments can be different from the order expected by the
foreign function, using the lambda-list argument.

Example A simple example of the use of define-foreign-function  is
given in “Defining an FLI function” on page 5. More detailed
examples are given in Chapter 4,  “Advanced Uses of the
FLI”.

See Also define-foreign-callable

define-foreign-variable

register-module

define-foreign-type Macro

Summary Defines a new FLI type specifier.

Package fli

Signature define-foreign-type type-name lambda-list &body forms =>
type-name

Arguments type-name A symbol naming the new FLI type.



lambda-list A lambda list which is the argument list of
the new FLI type.

forms On ore more Lisp forms which provide a
definition of the new type.

Values type-name The name of the new FLI type.

Description The macro define-foreign-type  defines a new FLI type
called type-name. The forms in the definition can be used to
determine the behavior of the type, depending on the argu-
ments supplied to the lambda-list.

Example In the following example an integer array type specifier is
defined. Note that the type takes a list as its argument, and
uses this to determine the size of the array.

(fli:define-foreign-type :int-array (dimensions)
  ‘(:c-array :int ,@dimensions))

(setq number-array (fli:allocate-foreign-object
                    :type ’(:int-array (2 2)))

In the next example a boolean type, called :bool , with the
same size as an integer is defined.

(fli:define-foreign-type :bool () ‘(:boolean :int))

(fli:size-of :bool)

See Also define-c-typedef

define-foreign-variable Macro

Summary Defines a Lisp function to access a variable in foreign code.

Package fli

Signature define-foreign-variable the-name &key type accessor language
  no-check module => lisp-name
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the-name ::= lisp-name | ( lisp-name foreign-name [ encoding]) |
            ( lisp-name foreign-string [ encoding])

encoding ::= :source | :object | :lisp | :dbcs

accessor ::= :value | :address-of | read-only

Arguments the-name Names the Lisp function which is used to
access the foreign variable.

lisp-name A symbol naming the Lisp accessor.

foreign-name A symbol which is the name of the foreign
variable.

foreign-string A string containing the name of the foreign
variable.

encoding An option controlling how the Lisp variable
name is translated to match the foreign vari-
able name in the foreign DLL. The encoding
option can be one of the following:

:source  tells LispWorks that the string
foreign-string or the symbol foreign-name is
the name of the variable in the foreign
source code. This is the default value of
encoding.

:object  tells LispWorks that the string
foreign-string or the symbol foreign-name is
the literal name of the variable in the foreign
object code.

:lisp  tells LispWorks that the symbol
foreign-name is a Lisp symbol and must be
translated and encoded.

:dbcs  adds a suffix onto the variable name
which will automatically change depending
on whether Lisp image is started up in the
Windows NT or Windows 95 operating sys-
tem. The suffix is "A" for Windows 95 and "W"
for Windows NT.



type The FLI type corresponding to the type of
the foreign variable to which Lisp is interfac-
ing.

accessor An option specifying what kind of accessor
is generated for the variable. It can be one of
the following:

:value  gets the value of the foreign variable
directly. This is the default value.

:address-of  returns an FLI pointer to the
foreign variable.

:read-only  ensures that no setf  method is
defined for the variable, which means that
its value can be read, but it cannot be set.

language The language in which the foreign source
code for the variable is written. The default
is :c .

no-check If nil , the types of the arguments provided
when the Lisp function is called are com-
pared with the expected types and an error
is raised if they do not match. Setting no-
check to t  overrides this check.

module Specifies the module in which the foreign
variable is defined. If it is the name of a
module registered using register-module

then that module is used to look up the vari-
able. If the name of the module is a string
then that module is automatically registered
and used to look up the symbol.

Values lisp-name A symbol naming the Lisp accessor.

Description The macro define-foreign-variable  defines a Lisp accessor
which can be used to get and set the value of a variable
defined in foreign code.
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If the foreign variable has a type corresponding to an FLI
aggregate type, then a copy of the object is allocated using
fli:allocate-foreign-object , and the copy is then
accessed.

Example The following example illustrates how to use the FLI to
define a foreign variable, given the following C variable in a
DLL:

int num;

The first example defines a Lisp variable, num1, to interface
with the C variable num.

(fli:define-foreign-variable (num1 "num") :type :int)

The following commands return the value of num, and
increase its value by 1:

(num1)

(incf (num1))

In the next example, the Lisp variable num2 interfaces with
num in a read-only manner.

(fli:define-foreign-variable (num2 "num")
  :type :int :accessor :READ-ONLY)

In this case, the next command still returns the value of num,
but the second command raises an error, because num2 is
read-only.

(num2)

(incf (num2))

The final example defines a Lisp variable, num3, which
accesses num through pointers.

(fli:define-foreign-variable (num3 "num")
  :type :int :accessor :address-of)



As a result, the next command returns a pointer to num, and
to obtain the actual value stored by num, num3 needs to be
dereferenced.

(num3)

(fli:dereference (num3))

See Also define-foreign-callable

define-foreign-function

dereference Function

Summary Accesses and returns the value of a foreign object.

Package fli

Signature dereference pointer &key index type copy-foreign-object => value

Arguments pointer An instance of an FLI pointer.

index An integer. If index is supplied, dereference

assumes that pointer points to one element in
an array of object, and returns the element at
the index position in the array.

type The foreign object type that pointer points to.
If the specified type is different to the actual
type, dereference  returns the value of the
object in the format of type where possible.

copy-foreign-object

This option is only important when dealing
with aggregate FLI types, which cannot be
returned by value.

If set to t , dereference  makes a copy of the
aggregate object pointed to by pointer and
returns the copy.
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If set to nil , dereference  returns the aggre-
gate object directly.

If set to error  then dereference  signals an
error. This is the default value for copy-
foreign-object.

Values value The value of the dereferenced object at
pointer.

Description The function dereference  accesses and returns the value of
the FLI object pointed to by pointer, unless pointer points to an
aggregate type. In the case of aggregates, the return value is
specified by using the copy-foreign-object option.

An error is signaled if value is an aggregate type and copy-for-
eign-object is not set accordingly.

The value of an object at pointer can be changed using setf

and dereference . See the examples section for an example of
this.

Example In the following example a LONG type is defined and an
instance, pointed to by point , with a specified initial value of
10 is created with memory allocated using allocate-for-

eign-object . The dereference  function is then used to get
the value that point  points to.

(fli:define-c-typedef LONG :long)

(setq point (fli:allocate-foreign-object
             :type ’LONG
             :initial-element 10))

(fli:dereference point)

Finally, the value of the object of type LONG is changed to 20
using setf .

(setf (fli:dereference point) 20)

In the next example, a boolean FLI type is defined, but is
accessed as a char .



(fli:define-c-typedef BOOL (:boolean :int))

(setq point2 (fli:allocate-foreign-object :type ’BOOL))

(fli:dereference point2 :type :char)

See Also allocate-foreign-object

free-foreign-object

foreign-slot-value

disconnect-module Function

Summary Disconnects the DLL associated with a registered module.

Package fli

Signature disconnect-module name &key verbose remove =>

Arguments name A symbol or string.

verbose Either nil  or a stream. Default value: nil .

remove A boolean. Default value: nil .

Values None.

Description The function disconnect-module  disconnects the DLL asso-
ciated with a registered module specified by name and regis-
tered with register-module .

When disconnecting, if verbose is set to a recognized stream,
then disconnect-module  with send disconnection informa-
tion to that stream.

If remove is nil  then after disconnection the module will be in
the same state as it was when first registered by register-

module , that is, lookups for foreign symbols can still automat-
ically reconnect the DLL. If remove is t  then name is removed
from the list of registered modules. Any foreign symbols
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which refer to the module will then be reset as unresolved
symbols.

See Also register-module

foreign-aref Function

Summary Accesses and returns the value at a specified point in an
array.

Package fli

Signature foreign-aref array &rest subscripts => pointer

Arguments array An FLI array or a pointer to an FLI array.

subscripts A list of valid array indices for array.

Values pointer A pointer containing the address of the
array element being accessed.

Description The function foreign-aref  accesses a specified element in an
array and returns its value if the element is an immediate
type. If it is an aggregate type, such as a :struct , :union , or
:c-array , the function foreign-aref  returns a copy of the
element. In this case, the copy must be de-allocated after use
to reclaim the memory allocated for it by foreign-aref .

The value of an element in an array can be changed using
setf  and foreign-aref . See the examples section for an
example of this.

Example In the first example, a 3 by 3 integer array is created, and
foreign-aref  is used with setf  to set all the element equal
to 42.

(setq array1 (fli:allocate-foreign-object
              :type ’(:c-array :int 3 3)))



(dotimes (x 3)
         (dotimes (y 3)
                  (setf (fli:foreign-aref array1 x y)
                        42)))

Next, foreign-aref  is used to dereference the value at posi-
tion 2 2  in array1 . Remember that the count for the indices
of an array start at 0.

(fli:foreign-aref array1 2 2)

In the following example, an array of arrays of integers is cre-
ated. When an element is dereferenced, a copy of an array of
integers is returned.

(setq array2 (fli:allocate-foreign-object
              :type ’(:c-array (:c-array :int 3) 3))

(fli:foreign-aref array2 2)

The array returned can be bound to the variable array3 , and
accessed using foreign-aref  again. This time an integer is
returned.

(setq array3 *)

(fli:foreign-aref array3 1)

See Also foreign-array-dimensions

foreign-array-element-type

foreign-array-pointer

foreign-array-dimensions Function

Summary Returns a list containing the dimensions of an array.

Package fli

Signature foreign-array-dimensions array => dimensions

Arguments array An FLI array or a pointer to an FLI array.
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Values dimensions A list containing the dimensions of array.

Description The function foreign-array-dimensions  takes an FLI array
or a pointer to an FLI array as its argument and returns a list
containing the dimensions of the array.

Examples In the following example an instance of a 3 by 4 array is cre-
ated, and these dimensions are returned using the foreign-

array-dimensions  function.

(setq array1 (fli:allocate-foreign-object
              :type ’(:c-array :int 3 4)))

(fli:foreign-array-dimensions array1)

See Also foreign-aref

foreign-array-element-type

foreign-array-pointer

foreign-array-element-type Function

Summary Returns the type of the elements of an array.

Package fli

Signature foreign-array-element-type array => type

Arguments array An FLI array or a pointer to an FLI array.

Values type The type of the elements of array.

Description The function foreign-array-element-type  takes an FLI
array or a pointer to an FLI array as its arguments and
returns the type of the elements of that array.

Examples In the following example a 3 by 4 array with integer elements
is defined, and the foreign-array-element-type  function is



used to confirm that the elements of the array are indeed
integers.

(setq array1 (fli:allocate-foreign-object
              :type ’(:c-array :int 3 4)))

(fli:foreign-array-element-type array1)

See Also foreign-aref

foreign-array-dimensions

foreign-array-pointer

foreign-array-pointer Function

Summary Returns a pointer to a specified element in an array.

Package fli

Signature foreign-array-pointer array &rest subscripts => pointer

Arguments array An FLI array or a pointer to an FLI array.

subscripts A list of valid array indices for array.

Values pointer A pointer to the element at position
subscripts in array.

Description The function foreign-array-pointer  returns a pointer to a
specified element in an array. The value pointed to can then
be obtained by dereferencing the pointer returned, or set to a
specific value by using dereference  and setf .

Examples In this example a 3 by 2 array of integers is created, and a
pointer to the element at position 2 0  is returned using
foreign-array-pointer .

(setq array1 (fli:allocate-foreign-object
              :type ’(:c-array :int 3 2)))
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(setq array-ptr (fli:foreign-array-pointer array1 2 0))

The dereference  function can now be used with setf  to set
the value pointed to by array-ptr .

(setf (fli:dereference array-ptr) 42)

See Also foreign-aref

foreign-array-dimensions

foreign-array-element-type

foreign-slot-names Function

Summary Returns a list of the slot names in a foreign structure.

Package fli

Signature foreign-slot-names object => slot-names

Arguments object A foreign object or a pointer to a foreign
object.

Values slot-names A list containing the slot names of object.

Description The foreign-slot-names  function returns a list containing
the slot names of a foreign object defined by define-c-

struct . If object is not a structure, an error is signaled.

Example In the following example a structure with three slots is
defined, an instance of the structure is made, and foreign-

slot-names  is used to return a list of the slot names.

(fli:define-c-struct POS
  (x :int)
  (y :int)
  (z :int))

(setq my-pos (fli:allocate-foreign-object :type ’POS))



(fli:foreign-slot-names my-pos)

See Also define-c-struct

foreign-slot-value

foreign-slot-offset Function

Summary Returns the offset of a slot in an FLI object.

Package fli

Signature foreign-slot-offset object slot-name => offset

Arguments object A pointer to a foreign object or a foreign
object.

slot-name The name of a slot in object.

Values offset The offset, in bytes, of the slot slot-name in
the FLI object object.

Description The function foreign-slot-offset  returns the offset, in
bytes, of a slot in an FLI object. The offset is the number of
bytes from the beginning of the object to the start of the slot.
For example, the offset of the first slot in any FLI object is 0.

Example The following example defines a structure, creates an
instance of the structure pointed to by dir , and then finds the
offset of the third slot in the object.

(fli:define-c-struct COMPASS
  (east :int)
  (west (:c-array :char 20))
  (north :int)
  (south :int))

(setq dir (fli:allocate-foreign-object :type ’COMPASS))

(fli:foreign-slot-offset dir ’north)
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See Also foreign-slot-value

size-of

foreign-slot-pointer Function

Summary Returns a pointer to a specified slot of an object.

Package fli

Signature foreign-slot-pointer object slot-name &key type => pointer

Arguments object A foreign object, or a pointer to a foreign
object.

slot-name The name of a slot in object.

type The type of the slot slot-name.

Values pointer A pointer to slot-name.

Description The function foreign-slot-pointer  takes a foreign object, a
slot within the object, and optionally the type of the slot, and
returns a pointer to the slot.

Example In the following example a structure type called COMPASS is
defined. An instance of the structure is allocated using
allocate-foreign-object , pointed to by point1 . Then
foreign-slot-pointer  is used to get a pointer, called
point2 , to the second slot of the foreign object.

(fli:define-c-struct COMPASS
  (west :int)
  (east :int))

(setq point1 (fli:allocate-foreign-object :type
                                          ’COMPASS))

(setq point2 (fli:foreign-slot-pointer point1 ’east
                                       :type :int))



The :type  keyword can be used to return the value stored in
the slot as a different type, providing the type is compatible.
In the next example, point3  is set to be a pointer to the same
address as point2 , but it expects the value stored there to be
a boolean.

(setq point3 (fli:foreign-slot-pointer point1 ’east
              :type ’(:boolean :int)))

Using dereference  the value can be set as an integer using
point2  and read as a boolean using point3 .

(setf (fli:dereference point2) 0)

(fli:dereference point3)

(setf (fli:dereference point2) 1)

(fli:dereference point3)

See Also decf-pointer

incf-pointer

make-pointer

foreign-slot-type Function

Summary Returns the type of a specified slot of a foreign object.

Package fli

Signature foreign-slot-type object slot-name => type

Arguments object A foreign object or a pointer to a foreign
object.

slot-name The slot in object whose type is to be
returned.

Values type The type of slot-name.
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Description The function foreign-slot-type  returns the type of a slot of
a foreign object.

Example In the following example two new types, EAST and WEST are
defined. Then a new structure, COMPASS, is defined, with two
slots. An instance of the structure is created, and foreign-

slot-type  is used to get the type of the first slot of the struc-
ture.

(fli:define-c-typedef EAST (:boolean :int))

(fli:define-c-typedef WEST :long)

(fli:define-c-struct COMPASS
   (x EAST)
   (y WEST))

(setq dir (fli:allocate-foreign-object :type ’COMPASS))

(fli:foreign-slot-type dir ’x)

See Also foreign-slot-names

foreign-slot-value

foreign-slot-value Function

Summary Returns the value of a slot in a foreign object.

Package fli

Signature foreign-slot-value object slot-name &key type
copy-foreign-object => value

Arguments object Either an instance of or a pointer to an FLI
structure.

slot-name The name of the slot of object to be accessed.



type The type of object. Specifying type makes
accessing the object faster. If the specified
type is different to the actual type, foreign-

slot-value  returns the value of the object in
the format of type where possible.

copy-foreign-object

This option is only important when dealing
with slots which are aggregate FLI types,
and cannot be returned by value.

If set to t , foreign-slot-value  makes a
copy of the aggregate slot of the object
pointed to by pointer and returns the copy.

If set to nil , foreign-slot-value  returns
the aggregate slot of the object directly.

If set to error  then foreign-slot-value  sig-
nals an error. This is the default value for
copy-foreign-object.

Value value The value of the slot slot-name in the FLI
object object is returned.

Description The function foreign-slot-value  returns the value of a slot
in a specified object. An error is signaled if the slot is an
aggregate type and copy-foreign-object is not set accordingly

The function foreign-slot-value  can be used with setf  to
set the value of a slot in a structure, as shown in the example
below.

Example In the following example a foreign structure is defined, an
instance of the structure is made with my-pos  pointing to the
instance, and foreign-slot-value  is used to set the y  slot of
the object to 10.
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(fli:define-c-struct POS
  (x :int)
  (y :int)
  (z :int))

(setq my-pos (fli:allocate-foreign-object :type ’POS))

(setf (fli:foreign-slot-value my-pos ’y) 10)

The next line returns the value of the y  slot at my-pos , which
is 10.

(fli:foreign-slot-value my-pos ’y)

See Also dereference

free Function

Summary A synonym for free-foreign-object .

Package fli

Signature free pointer => null-pointer

Description The function free  is a synonym for free-foreign-object .

See Also free-foreign-object

free-foreign-object Function

Summary Deallocates the space in memory pointed to by a pointer.

Package fli

Signature free-foreign-object pointer => null-pointer

Arguments pointer A pointer to the object to de-allocate.



Values null-pointer A pointer with address zero.

Description The free-foreign-object  function deallocates the space in
memory pointed to by pointer, which frees the memory for
other uses. The address of pointer is the start of a block of
memory previously allocated by allocate-foreign-object .

If pointer is a null pointer then free-foreign-object  takes
no action.

Example In the following example a boolean type is defined and an
instance is created with memory allocated using allocate-

foreign-object . The function free-foreign-object  is then
used to free up the memory used by the boolean.

(fli:define-c-typedef BOOL (:boolean :int))

(setq point (fli:allocate-foreign-object :type ’BOOL))

(fli:free-foreign-object point)

See Also allocate-foreign-object

incf-pointer Function

Summary Increases the address held by a pointer.

Package fli

Signature incf-pointer pointer &optional delta => bytes

Arguments pointer An FLI pointer.

delta An integer. The default value is 1.

Values bytes The number of bytes the pointer address has
increased by since it was created.
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Description The function incf-pointer  increases the address held by the
pointer. If delta is not given the address is increased by the
size of the type pointed to by the pointer. The address can be
increased by a multiple of the size of the type by specifying a
delta.

The function incf-pointer  is often used to move a pointer
through an array of values.

Example In the following example an array with 10 entries is defined.
A copy of the pointer to the array is made, and is incre-
mented and decremented.

(setq array-obj
      (fli:allocate-foreign-object :type :int
        :nelems 10
        :initial-contents '(0 1 2 3 4 5 6 7 8 9)))

(setq point1 (fli:copy-pointer array-obj))

(dotimes (x 9)
  (fli:incf-pointer point1)
  (print (fli:dereference point1)))

(dotimes (x 9)
  (fli:decf-pointer point1)
  (print (fli:dereference point1)))

See Also decf-pointer

make-pointer Function

Summary Creates a pointer to a specified address.

Package fli

Signature make-pointer &key address type pointer-type symbol-name
functionp module => pointer

Arguments address The address pointed to by the pointer to be
created.



type The type of the object pointed to by the
pointer to be created.

pointer-type The type of the pointer to be made.

symbol-name A string containing the name of a symbol
defined by a DLL or a foreign callable.

functionp If type or pointer-type are not specified, then
functionp can be used.

If t , the pointer made is a pointer to type
:function . This is the default value.

If nil , the pointer made is a pointer to type
:void .

module A string or symbol referring to a module
registered with register-module . If the
module specified here does not exist, a mod-
ule called module is automatically registered.

Values pointer A pointer to address.

Description The function make-pointer  creates a pointer of a specified
type pointing to a given address, or optionally to a function
or foreign callable. In the case of a pointer to a foreign call-
able or foreign function, the module keyword can be used to
ensure that the pointer points to the function in the correct
DLL if there are other DLLs containing functions with the
same name.

Example In the following example a module is defined, and the vari-
able setpoint  is set equal to a pointer to a function in the
module.

(fli:register-module :gdi-dll :real-name "gdi32")

(setq setpoint
      (fli:make-pointer :symbol-name "SetCursorPos"
                        :module :gdi-dll)
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See Also copy-pointer

register-module

with-coerced-pointer

malloc Function

Summary A synonym for allocate-foreign-object .

Package fli

Signature malloc &key type pointer-type initial-element initial-contents
nelems => pointer

Description The function malloc  is a synonym for allocate-foreign-

object .

See Also allocate-foreign-object

null-pointer-p Function

Summary Tests a pointer to see if it is a null pointer.

Package fli

Signature null-pointer-p pointer => boolean

Arguments pointer An FLI pointer.

Values boolean If pointer is a null pointer (that is, a pointer
pointing to address 0) then t  is returned,
otherwise null-pointer-p  returns nil .



Description The function null-pointer-p  is used to determine if a
pointer is a null pointer. A null pointer is a pointer pointing
to address 0.

Example In the following example a pointer to an :int  is defined, and
tested with null-pointer-p . The pointer is then freed,
becoming a null pointer, and is once again tested using null-

pointer-p .

(setq point (fli:allocate-foreign-object :type :int))

(fli:null-pointer-p point)

(fli:free-foreign-object point)

(fli:null-pointer-p point)

See Also pointer-address

pointer-eq

pointer-address Function

Summary Returns the address of a pointer.

Package fli

Signature pointer-address pointer => address

Arguments pointer An FLI pointer.

Values address The address pointed to by pointer.

Description The function pointer-address  returns the address of a
pointer.

Example In the following example a pointer is defined, and its address
is returned using pointer-address .

(setq point (fli:allocate-foreign-object :type :int))
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(fli:pointer-address point)

See Also null-pointer-p

pointer-eq

pointer-element-size Function

Summary Returns the size in bytes of the foreign object pointed to by an
FLI pointer.

Package fli

Signature pointer-element-size pointer => size

Arguments pointer An FLI pointer to a foreign object.

Values size The size of the object pointed to by pointer.

Description The function pointer-element-size  returns the size, in
bytes, of the object pointed to by pointer.

Example In the following example a pointer to an integer is created.
Then the size in bytes of the integer is returned using
pointer-element-size .

(setq point (fli:allocate-foreign-object :type :int))

(fli:pointer-element-size point)

See Also pointer-element-type

size-of

pointer-element-type Function

Summary Returns the type of the foreign object pointed to by an FLI
pointer.



Package fli

Signature pointer-element-type pointer => type

Arguments pointer An FLI pointer to a foreign object.

Values type The type of the object pointed to by pointer.

Description The function pointer-element-type  returns the type of the
foreign object pointed to by pointer.

Example In the following example a pointer to an integer is defined,
and pointer-element-type  is used to confirm that the
pointer points to an integer.

(setq point (fli:allocate-foreign-object :type :int))

(fli:pointer-element-type point)

In the next example a new type, HAPPY, is defined. The pointer
point  is set to point to an instance of HAPPY, and pointer-

element-type  is used to find the type of the object pointed to
by point .

(fli:define-c-typedef HAPPY :long)

(setq point (fli:allocate-foreign-object :type ’HAPPY))

(fli:pointer-element-type point)

See Also foreign-slot-type

pointer-element-size

pointer-eq Function

Summary Test whether two pointers point to the same memory
address.

Package fli
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Signature pointereq pointer1 pointer2 => boolean

Arguments pointer1 An FLI pointer.

pointer2 An FLI pointer.

Values boolean If pointer1 points to the same address as
pointer2, pointer-eq  returns t , otherwise it
returns nil .

Description The function pointer-eq  tests whether two pointers point to
the same address, and returns t  if they do, and nil  if they do
not.

Example In the following example a pointer, point1 , is defined, and
point2  is set equal to it. Both are then tested to see if they are
equal to each other using pointer-eq . Then point2  is defined
to point to a different object, and the two pointers are tested
for equality again.

(setq point1 (fli:allocate-foreign-object :type :int))

(setq point2 point1)

(fli:pointer-eq point1 point2)

(setq point2 (fli:allocate-foreign-object :type :int))

(fli:pointer-eq point1 point2)

See Also null-pointer-p

pointerp

pointerp Function

Summary Tests whether an object is a pointer or not.

Package fli



Signature pointerp pointer => boolean

Arguments pointer An object that may be an FLI pointer.

Values boolean If pointer is a pointer then t  is returned, oth-
erwise nil  is returned.

Description The function pointerp  tests whether pointer is a pointer or
not, and returns t  if it is.

Example In the following example a pointer, point , is defined, and an
object which is not a pointer is defined. Both are tested using
pointerp .

(setq point (fli:allocate-foreign-object :type :int))

(setq not-point 7)

(fli:pointerp point)

(fli:pointerp not-point)

See Also null-pointer-p

pointer-address

pointer-eq

register-module Function

Summary Informs LispWorks of the presence of a DLL.

Signature register-module name &key connection-style real-name => name

Arguments name A symbol or string specifying the Lisp name
the module will be registered under. It is
used for explicit look up from the :module

keyword of functions such as define-
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foreign-function . If real-name is not speci-
fied then name is taken to be the actual name
of the module to connect to.

connection-style An option specifying either :automatic  or
:manual  connection to the module.

:automatic  automatically connects to a DLL
in order to resolve currently undefined for-
eign symbols.

:manual  only connects to the DLL if the
symbol to resolve is explicitly marked as
coming from this module via the :module

keyword of functions such as define-

foreign-function .

real-name Overrides the name for identifying the actual
DLL to connect to.

Values name The name argument.

Description The function register-module  explicitly informs LispWorks
of the presence of a DLL. Functions such as make-pointer

and define-foreign-function  have a module keyword
which can be used to specify which module the function
refers to.

The main use of modules is to overcome ambiguities that can
arise when two different DLLs have functions with the same
name.

The naming convention for the module name can contain the
full pathname for the DLL. For example, a pathname such as

#p"C:/MYPRODUCT/LIBS/MYLIBRARY.DLL"

is specified as

"C:\\MYPRODUCT\\LIBS\\MYLIBRARY.DLL"

If the module is declared without an extension, ".DLL " is
automatically appended to the name. To declare a name



without an extension it must end with the period character
(". ").

If a full pathname is not specified for the module, then it is
searched for in the following directories (in the given order):

1. The directory of the executable.

2. The current directory.

3. The Windows system directory (as specified by
GetSystemDirectory ). For Windows NT the 16-bit sys-
tem directory (SYSTEM) is also searched.

4. The Windows directory (as specified by
GetWindowsDirectory )

5. Directories specified by the PATH variable.

Example In the following example the gdi32  DLL is registered, and
then a foreign function called set-cur  is defined to explicitly
reference the SetCursorPos  function in the gdi32  DLL.

(fli:register-module :gdi-dll :real-name "gdi32")

(fli:define-foreign-function (set-cur "SetCursorPos")
  ((x :long)
   (x :long))
   :module :gdi-dll)

See Also define-foreign-function

make-pointer

replace-foreign-object Function

Summary Copies the contents of one foreign object into another.

Package fli

Signature replace-foreign-object to from &key nelems => pointer
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Arguments to A foreign object or a pointer to a foreign
object.

from A foreign object or a pointer to a foreign
object.

nelems An integer.

Values pointer A pointer to the object specified by from.

Description The function replace-foreign-object  copies the contents
of the foreign object specified by from into another foreign
object specified by to. Block copying on an array of elements
can also be performed by specifying the number of elements
to copy using the nelems  keyword.

Example In the following object two sets of ten integers are defined.
The object from-obj  contains the integers from 0 to 9. The
object to-obj  contains random values. The replace-for-

eign-object  function is then used to copy the contents of
from-obj  into to-obj .

(setf from-obj
      (fli:allocate-foreign-object
                  :type :int
                  :nelems 10
                  :initial-contents
                  ’(0 1 2 3 4 5 6 7 8 9)))

(setf to-obj
      (fli:allocate-foreign-object
                  :type :int
                  :nelems 10 ))

(fli:replace-foreign-object to-obj from-obj :nelems 10)

See Also allocate-foreign-object

copy-pointer

make-pointer



set-locale Function

Summary Sets the C locale.

Package fli

Signature set-locale &optional locale => c-locale

Arguments locale A locale name.

Values c-locale the C locale.

Description This function can be called to set the C locale; if you set the
locale in any other way, then Lisp might not do the right
thing when passing strings and characters to C. It calls set-

locale  to tell the C library to switch and then tells the FLI
what conversions to do when passing strings and characters
to C. The locale argument should be a locale name; if not
passed, it defaults according to the OS conventions.

See Also convert-from-foreign-string

convert-to-dynamic-foreign-string

with-foreign-string

size-of Function

Summary Returns the size in bytes of a foreign type.

Package fli

Signature size-of type-name => size

Arguments type-name A foreign type whose size is to be deter-
mined.
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Values size The size of the foreign type type-name in
bytes.

Description The function size-of  returns the size in bytes of the foreign
language type named by type-name.

Example The following example shows that the integer type has a size
of 4 bytes, and that an array of 10 integers has a size of 40
bytes.

(fli:size-of :int)

(fli:size-of ’(:c-array :int 10))

The function size-of  can also be used to determine the size
of a structure.

(fli:define-c-struct POS
  (x :int)
  (y :int)
  (z :int))

(fli:size-of ’POS)

See Also allocate-foreign-object

free-foreign-object

with-coerced-pointer Macro

Summary Makes a temporary copy of a pointer, executes a list of forms
which may use and alter the copy of the pointer across the
scope of the macro, and then deallocates the memory pro-
vided for the copy of the pointer.

Package fli



Signature with-coerced-pointer ( binding-name &key type pointer-type)
pointer &body body => last

Arguments binding-name A temporary name used to access a copy of
pointer.

type The type of the object pointed to by the tem-
porary pointer. This keyword can be used to
access the data at the pointer as a different
type.

pointer-type The pointer-type of the temporary pointer.

pointer An FLI pointer of which a copy is made. The
lifetime of the copy is across the scope of the
with-coerced-pointer  macro.

body A list of forms to be executed across the
scope of the temporary pointer binding.

Values last The value of the last form in body.

Description The macro with-coerced-pointer  makes a temporary copy
of a pointer, and executes a list of forms which may use the
copy across the scope of the macro. Once the macro has ter-
minated the memory allocated to the copy of the pointer is
automatically freed.

Example In the following example an array of ten integers is defined,
pointed to by array-obj . The macro with-coerced-pointer

is used to return the values stored in the array, without alter-
ing array-obj , or permanently tying up memory for a sec-
ond pointer.

(setf array-obj
      (fli:allocate-foreign-object :type :int
                  :nelems 10
                  :initial-contents
                  '(0 1 2 3 4 5 6 7 8 9)))
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(fli:with-coerced-pointer (temp) array-obj
  (dotimes (x 10)
    (print (fli:dereference temp))
    (fli:incf-pointer temp)))

See Also allocate-dynamic-foreign-object

free-foreign-object

with-dynamic-foreign-objects

with-dynamic-foreign-objects Macro

Summary Allocates memory for a list of foreign objects, executes a list
of forms which may use the objects across the scope of the
macro, and then deallocates the foreign objects.

Package fli

Signature with-dynamic-foreign-objects bindings &body body => last

bindings ::= (( var foreign-type)*)

body ::= form*

Arguments bindings A list of variable bindings.

var A symbol to be bound to a foreign type.

foreign-type A foreign type descriptor to be bound to the
variable var.

body A list of forms to be executed with bindings
in effect.

form A form to be executed.

Values last The value of the last form in body.

Description The function with-dynamic-foreign-objects  binds vari-
ables according to the list bindings, and then executes body.
Each element of bindings is a list which binds a symbol to a



pointer which points to a locally allocated instance of a for-
eign type. The lifetime of the bound foreign objects, and
hence the allocation of the memory they take up, is within
the scope of the with-dynamic-foreign-objects  function.

Any object created with allocate-dynamic-foreign-object

within body will automatically be deallocated once the scope
of the with-dynamic-foreign-objects  function has been
left.

Only standard foreign types can be bound using bindings.
Foreign pointer types should be allocated using allocate-

dynamic-foreign-object .

Example An example using with-dynamic-foreign-objects  and
allocate-dynamic-foreign-object  is given in “An example
of dynamic memory allocation” on page 7.

See Also allocate-dynamic-foreign-object

free-foreign-object

with-coerced-pointer

with-foreign-string Macro

Summary Converts a Lisp string to a foreign string, binds variables to a
pointer to the foreign string, the number of elements in the
string, and the number of bytes taken up by the string, then
executes a list of forms, and finally de-allocates the foreign
string and pointer.

Package fli

Signature with-foreign-string ( pointer element-count byte-count
                    &key external-format null-terminated-p)

          string
                    &body body => last

body::= form*
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Arguments pointer A symbol bound to a pointer to the foreign
string.

element-count A symbol bound to the number of elements
in the foreign string.

byte-count A symbol bound to the number of bytes
occupied by the foreign string. If the ele-
ment size of the string is equal to one byte,
then byte-count will be the same as element-
count.

external-format A keyword specifying the format to be used
for the foreign string.

null-terminated-p If t , the foreign string is terminated by a null
character. The null character is included in
the element-count of the string.

string The Lisp string to convert.

body A list of forms to be executed.

form A form to be executed.

Values last The value of the last form in body.

Description The macro with-foreign-string  is used to dynamically con-
vert a Lisp string to a foreign string and execute a list of
forms using the foreign string. The macro first converts
string, a Lisp string, into a foreign string. The symbol pointer
is bound to a pointer to the start of the string, the symbol
element-count is set equal to the number of elements in the
string, and the symbol byte-count is set equal to the number of
bytes the string occupies. Then the list of forms specified by
body is executed. Finally, the memory allocated for the foreign
string and pointer is de-allocated.

The external-format keyword is used to specify the format of
the foreign string. It defaults to a format appropriate for C
string of type char* . For Unicode encoded strings, specify
:unicode . If you want to pass a string to the Win32 API,



known as STR in the Win32 API terminology, specify *multi-

byte-code-page-ef* , which is a variable holding the exter-
nal format corresponding to the current Windows multi-byte
code page.

The null-terminated-p keyword specifies whether the foreign
string is terminated with a null character. It defaults to t . If
the string terminates in a null character, it is included in the
element-count.

Example See “Passing a string to a Windows function” on page 27 for
an example of the use of fli:with-foreign-string .

See Also convert-to-dynamic-foreign-string

with-dynamic-foreign-objects
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6Type Reference
:boolean FLI type descriptor

Summary Converts between a Lisp boolean value and a C representa-
tion of a boolean value.

Package fli

Syntax :boolean &optional encapsulates

Arguments encapsulates An integral type.

Description The FLI :boolean  type converts between a Lisp boolean
value and a C representation of a boolean value. The encapsu-
lates option is used to specify the size of the value from which
the boolean value is obtained. For example, if a byte  is used
in C to represent a boolean, the size to map across for the FLI
will be one byte, but if an int  is used, then the size will be
four bytes.

A value of 0 in C represents a nil  boolean value in Lisp, and
a non-zero value in C represents a t  boolean value in Lisp.
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Example In the following three examples, the size of a :boolean , a
(:boolean :int)  and a (:boolean :byte)  are returned.

(fli:size-of :boolean)

(fli:size-of ’(:boolean :int))

(fli:size-of ’(:boolean :byte))

See Also size-of

:byte FLI type descriptor

Summary Converts between a Lisp integer with a C signed char .

Package fli

Syntax :byte

Arguments None.

Description The FLI :byte  type converts between a Lisp integer type and
a C signed char  type.

See Also :char

:short

:c-array FLI type descriptor

Summary Converts between a Lisp array and a C array.

Package fli

Syntax :c-array type &rest dimensions

Arguments type The type of the elements of the array.



dimensions A sequence of the dimensions of the new
array.

Description The FLI :c-array  type converts between Lisp structures and
C arrays. In C, pointers are used to access the elements of an
array. The implementation of the :c-array  type takes this
into account, by automatically dereferencing any pointers
returned when accessing an array using foreign-aref ,
unlike :foreign-array .

Note that :c-array  uses the C convention that the first index
value of an array is 0.

Example The following code defines a 3 by 3 array of integers.

(setq array1 (fli:allocate-foreign-object
              :type ’(:c-array :int 3 3)))

The next example defines an array of arrays of bytes.

(setq array2 (fli:allocate-foreign-object
              :type ’(:c-array (:c-array :byte 3) 2)))

See foreign-aref  and foreign-array-pointer  for more
examples on the use of arrays.

See Also foreign-aref

:foreign-array

foreign-array-pointer

:char FLI type descriptor

Summary Converts between a Lisp character  type and a C char  type.

Package fli

Syntax :char
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Arguments None.

Description The FLI :char  type converts between a Lisp character  and a
C char  type.

See Also :byte

:const FLI type descriptor

Summary Corresponds to the C const  type.

Package fli

Syntax :const &optional type

Arguments type The type of the constant. The default is :int .

Description The FLI :const  type corresponds to the C const  type quali-
fier. The behavior of a :const  is exactly the same as the
behavior of its type, and it is only included to ease the read-
ability of FLI code and for naming conventions.

Example In the following example a constant is allocated and set equal
to 3.141.

(setq pi1 (fli:allocate-foreign-object
           :type ’(:const :float)))

(setf (fli:dereference pi1) 3.141))

See Also :volatile

:double FLI type descriptor

Summary Converts any Lisp float to a C double.



Package fli

Syntax :double

Arguments None.

Description The FLI :double  type converts between any Lisp float and
the C double  type.

See Also :float

:ef-mb-string FLI type descriptor

Summary Converts between a Lisp string and a C multi-byte string
with a specified maximum number of bytes.

Package fli

Syntax :ef-mb-string limit &optional external-format

Arguments limit The maximum number of bytes of the C
multi-byte string.

external-format The format of the foreign string.

Description The FLI :ef-mb-string  type converts between a Lisp string
and a C multi-byte string. The C string may have a maximum
length of limit bytes.

The external-format is used to specify the format of the foreign
string. It defaults to a format appropriate for C string of type
char* . If you want to pass a string to the Windows API,
known as STR in the Windows API terminology, specify
win32:*multibyte-code-page-ef* , which is a variable hold-
ing the external format corresponding to the current Win-
dows multi-byte code page.
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See Also :ef-wc-string

:ef-wc-string FLI type descriptor

Summary Converts between a Lisp string and a C wide-character string
of at most a specified number of characters.

Package fli

Syntax :ef-wc-string limit &optional external-format

Arguments limit The maximum number of characters of the
C wide-character string.

external-format The format of the foreign string.

Description The FLI :ef-wc-string  type converts between a Lisp string
and a C wide-character string. The C string may have a maxi-
mum length of limit characters.

The external-format is used to specify the format of the foreign
string. It defaults to a format appropriate for C string of type
wchar_t* . For Unicode encoded strings, specify :unicode . If
you want to pass a string to the Windows API, known as STR

in the Windows API terminology, specify win32:*multi-

byte-code-page-ef* , which is a variable holding the exter-
nal format corresponding to the current Windows multi-byte
code page.

See Also :ef-mb-string

:enum FLI type descriptor

Summary Converts between a Lisp list and a C enum.

Package fli



Syntax :enum &rest enum-constants

enum-constants ::= { symbol | ( symbol value)}*

Arguments enum-constants A sequence of one or more symbols naming
the elements of the enumeration.

symbol A symbol naming an element of the enumer-
ation.

value An integer specifying the index of symbol.

Description The FLI :enum  type converts between a Lisp list and the C
enum type. Each entry in the enum-constants can either consist
of a symbol, in which case the first entry has an index value
of 0, or of a list of a symbol and its corresponding index
value.

Example See define-c-enum ,  page 43, for an example using the :enum

type.

See Also define-c-enum

:enumeration FLI type descriptor

Summary A synonym for :enum

Package fli

Syntax :enumeration &rest enum-constants

Description The FLI :enumeration  type is the same as the FLI :enum  type.

See Also :enum
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:float FLI type descriptor

Summary Converts any Lisp float to a C float.

Package fli

Syntax :float

Arguments None.

Description The FLI :float  type converts between any Lisp float and the
C float  type.

See Also :double

:foreign-array FLI type descriptor

Summary Converts between Lisp structures and foreign language
arrays.

Package fli

Syntax :foreign-array type dimensions

Arguments type The type of the elements of the array.

dimensions A list containing the dimensions of the array.

Description The FLI :foreign-array  converts between Lisp structures
and foreign language arrays. It creates an array with the
dimensions specified in dimensions, of elements of the type
specified by type.

Example The following code defines a 3 by 4 foreign array with ele-
ments of type :byte .



(setq farray (fli:allocate-foreign-object
             :type ’(:foreign-array :byte (3 4)))

See Also :c-array

foreign-aref

foreign-array-pointer

:function FLI type descriptor

Summary Converts between Lisp and the C function  type.

Package fli

Syntax :function &optional arg-spec return-spec

Arguments arg-spec A list of function argument types.

return-spec A list of function return types.

Description The FLI :function  type allows for conversion from the C
function  type. It is typically used in conjunction with the
:pointer  type to reference an existing foreign function.

Example The following code lines present a definition of a pointer to a
function type, and a corresponding C definition of the type.
The function type is defined for a function which takes as its
arguments an integer and a pointer to a void, and returns an
integer value.

(:pointer (:function (:int (:pointer :void)) :int))

int (*)( int, void * )

See Also :pointer
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:int FLI type descriptor

Summary Converts between a Lisp integer and a C int  type.

Package fli

Syntax :int

Arguments None.

Description The :int  type converts between an Lisp integer and a C int

type. It is equivalent to the :signed  and (:signed :int)

types.

See Also :signed

:lisp-double-float FLI type descriptor

Summary A synonym for :double .

Package fli

Syntax :lisp-double-float

Description The FLI :lisp-double-float  type is the same as the FLI
:double  type.

See Also :double

:lisp-float FLI type descriptor

Summary Converts between any Lisp float and the C double  and C
float  types.

Package fli



Syntax :lisp-float &optional float-type

float-type ::= :single | :double

Arguments float-type The C type to convert between. The default
is :single .

Description The FLI :lisp-float  type converts between any Lisp float
and either the C float  or the C double  type. The default is to
convert to the C float  type, but by specifying :double  for
float-type, conversion occurs between any Lisp float and the C
double  type.

See Also :double

:float

:lisp-single-float FLI type descriptor

Summary A synonym for :float .

Package fli

Syntax :lisp-single-float

Description The FLI :lisp-single-float  type is the same as the FLI
:float  type.

See Also :float

:long FLI type descriptor

Summary Converts between a Lisp integer  and a C long .

Package fli
103



Type Reference

104
Syntax :long &optional integer-type

integer-type ::= :int | :double | :long

Arguments integer-type One of :int , :double , or :long .

Description The FLI :long  type converts between the Lisp integer  type
and the C long  type. See Table 6.1 for comparisons between
Lisp and C long types.

See Also :int

:short

:one-of FLI type descriptor

Summary Converts between Lisp and C types of the same underlying
type.

Package fli

Syntax :one-of &rest types

Arguments types A list of types sharing the same underlying
type.

Table 6.1  A comparison between Lisp and C long types

Lisp type FLI type C type

integer :long long

integer :long :int long

integer :long :double long double

integer :long :long long long



Description The FLI :one-of  type is used to allocate an object which can
be one of a number of types. The types must have the same
underlying structure, which means they must have the same
size and must be referenced in the same manner. The FLI
:one-of  type is useful when a foreign function returns a
value whose underlying type is known, but whose exact type
is not.

Example In the following example, a :one-of  type is allocated.

(setq thing (fli:allocate-foreign-object
             :type ’(:one-of :ptr :int :unsigned)))

If thing  is set to be 100 using dereference , it is taken to be an
object of type :int , as this is the first element in the sequence
of types defined by :one-of  which matches the type of the
number 100.

(setf (fli:dereference thing) 100)

However, if thing  is now dereferenced, it is returned as a
pointer to the address 100 (Or hex address 64), as there is no
method for determining the type of thing , and therefore the
first element in the list of :one-of  is used.

(fli:dereference thing)

See Also :union

:pointer FLI type descriptor

Summary Defines a C-style FLI pointer to an object of a specified type.

Package fli

Syntax :pointer type

Arguments type The type of FLI object pointer to by the
pointer.
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Description The FLI :pointer  type is part of the FLI implementation of
pointers. It defines a C-style pointer to an object of type. Pass-
ing nil  instead of a pointer is treated the same as passing a
null pointer (that is, a pointer to address 0)

For more details on pointers, including examples on pointer
coercion, dereferencing, making, and copying see Chapter 3,
“FLI Pointers”.

See Also copy-pointer

dereference

make-pointer

:ptr FLI type descriptor

Summary A synonym for :pointer .

Package fli

Syntax :ptr type

Description The FLI :ptr  type is the same as the FLI :pointer  type.

See Also :pointer

:reference FLI type descriptor

Summary Passes a foreign object of a specified type by reference, and
automatically dereferences the object.

Package fli

Syntax :reference type &key allow-null lisp-to-foreign-p foreign-to-lisp-p

Arguments type The type of the object to pass by reference.



allow-null If non-nil , if the input argument is nil  a
null pointer is passed instead of a reference
to an object containing nil .

lisp-to-foreign-p If non-nil , allow conversion from Lisp to
the foreign language. The default value is t .

foreign-to-lisp-p If non-nil , allow conversion from the for-
eign language to Lisp. The default value is t

Description The FLI :reference  type is essentially the same as a
:pointer  type, except that :reference  is automatically
dereferenced when it is processed.

The :reference  type is useful as a foreign function argu-
ment. When a function is called with an argument of the type
(:reference type) , an object of type is dynamically allocated
across the scope of the foreign function, and is automatically
de-allocated once the foreign function terminates. The value
of the argument is not copied into the temporary instance of
the object if lisp-to-foreign is nil , and similarly, the return
value is not copied back into a Lisp object if foreign-to-lisp is
nil .

Example In the following example an :int  is allocated, and a pointer
to the integer is bound to the Lisp variable number . Then a
pointer to number , called point1 , is defined. The pointer
point1  is set to point to number , itself a pointer, but to an
:int .

(setq number (fli:allocate-foreign-object :type :int))

(setf (fli:dereference number) 42)

(setq point1 (fli:allocate-foreign-object
              :type ’(:pointer :pointer)))

(setf (fli:dereference point1) number)

If point1  is dereferenced, it returns a pointer to an :int . To
get at the value stored in the integer, we need to dereference
twice:
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(fli:dereference (fli:dereference point1))

However, if we dereference point1  as a :reference , we only
have to dereference it once to get the value:

(fli:dereference point1 :type ’(:reference :int))

See Also :reference-pass

:reference-return

:reference-pass FLI type descriptor

Summary Passes an object from Lisp to the foreign language by refer-
ence.

Package fli

Syntax :reference-pass type &key allow-null

Arguments type The type of the object to pass by reference.

allow-null If non-nil , if the input argument is nil  a
null pointer is passed instead of a reference
to an object containing nil .

Description The FLI :reference-pass  type is a shorthand for :reference

with lisp-to-foreign set to t  and foreign-to-lisp set to nil . See
:reference  for more details.

See Also :reference

:reference-return

:reference-return FLI type descriptor

Summary Passes an object from the foreign language to Lisp by refer-
ence.



Package fli

Syntax :reference-return type &key allow-null

Arguments type The type of the object to return by reference.

allow-null If non-nil , if the input argument is nil  a
null pointer is passed instead of a reference
to an object containing nil .

Description The FLI :reference-return  type is a shorthand for
:reference  with lisp-to-foreign set to nil  and foreign-to-lisp
set to t . See :reference  for more details.

See Also :reference

:reference-pass

:short FLI type descriptor

Summary Converts between a Lisp fixnum  type and a C short  type.

Package fli

Syntax :short &optional integer-type

interger-type ::= :int

Arguments integer-type If specified, must be :int , which associates a
Lisp fixnum  with a C int .

Description The FLI :short  type associates a Lisp fixnum  with a C short .

The FLI types :short , (:short :int) , (:signed :short) ,
and (:signed :short :int)  are equivalent.

See Also :int

:signed
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:signed FLI type descriptor

Summary Converts between a Lisp integer and a foreign signed integer.

Package fli

Syntax :signed &optional integer-type

integer-type ::= :byte | :char | :short | :int |
              :long | :long :int | :short :int

Arguments integer-type The type of the signed integer.

Description The :signed  type converts between a Lisp integer and a for-
eign signed integer. The optional integer-type argument speci-
fies other kinds of signed integer types. See Table 6.2 for a
comparison between Lisp and C signed types.

See Also :unsigned

Table 6.2  A comparison of Lisp and C signed types

Lisp type FLI type C type

integer :signed signed int

fixnum :signed :byte signed char

fixnum :signed :char signed char

fixnum :signed :short signed short

integer :signed :int signed int

integer :signed :long signed long

fixnum :signed :short

:int

signed short

integer :signed :long

:int

signed long



:struct FLI type descriptor

Summary Converts between a Lisp object and a C struct .

Package fli

Syntax :struct &rest slots

slots ::= { symbol | ( symbol type)}*

Arguments slots A sequence of one or more slots making up
the structure.

symbol A symbol naming the slot.

type The slot type. If no type is given it defaults
to an :int .

Description The FLI :struct  type is an aggregate type, and converts
between a Lisp object and a C struct  type. The FLI structure
consists of a collection of one or more slots. Each slot has a
name and a type.

The foreign-slot-names , foreign-slot-type , and for-

eign-slot-value  functions can be used to access and change
the slots of the structure. The convenience FLI function
define-c-struct  is provided to simplify the definition of
structures.

Example In the following example a structure for passing coordinates
to Windows functions is defined.

(fli:define-c-struct tagPOINT (x :long) (y :long))

An instance of the structure is allocated and bound to the
Lisp variable place .

(setq place
      (fli:allocate-foreign-object :type ’tagPOINT))

Finally, the x  slot of place  is set to be 4 using fli:foreign-

slot-value .
111



Type Reference

112
(seft (fli:foreign-slot-value place ’x) 4)

See Also define-c-struct

foreign-slot-names

foreign-slot-offset

foreign-slot-pointer

foreign-slot-type

foreign-slot-value

:union FLI type descriptor

Summary Converts between a Lisp object and a C union  type.

Package fli

Syntax :union &rest slots

slots ::= { symbol | ( symbol type)}*

Arguments slots A sequence of one or more slots making up
the union.

symbol A symbol naming the slot.

type The slot type. If no type is given, it defaults
to an :int .

Description The FLI :union  type is an aggregate type, and converts
between a Lisp object and a C union  type. The FLI union con-
sists of a collection of one or more slots, only one of which
can be active at any one time. The size of the whole union
structure is therefore equal to the size of the largest slot. Each
slot has a name and a type.

The foreign-slot-names , foreign-slot-type , and for-

eign-slot-value  functions can be used to access and change



the slots of the union. The convenience FLI function define-

c-union  is provided to simplify the definition of unions.

Example In the following example a union type with two slots is
defined.

(fli:define-c-union my-number
                    (small :byte) (large :int))

An instance of the union is allocated and bound to the Lisp
variable length .

(setq length
      (fli:allocate-foreign-object :type ’my-number))

Finally, the small  slot of the union is set equal to 24 .

(setf (fli:foreign-slot-value length ’small))

See Also define-c-union

foreign-slot-names

foreign-slot-offset

foreign-slot-pointer

foreign-slot-type

foreign-slot-value

:unsigned FLI type descriptor

Summary Converts between a Lisp integer and a foreign unsigned inte-
ger.

Package fli

Syntax :unsigned &optional integer-type
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integer-type ::= :byte | :char | :short | :int |
              :long | :long :int | :short :int

Arguments integer-type The type of the unsigned integer.

Description The :unsigned  type converts between a Lisp integer and a
foreign unsigned integer. The optional integer-type argument
specifies other kinds of unsigned integer types. See Table 6.3
for a comparison between Lisp and C unsigned types.

See Also :signed

:void FLI type descriptor

Summary Converts between a Lisp object and a C void .

Package fli

Syntax :void

Table 6.3  A comparison of Lisp and C unsigned types

Lisp type FLI type C type

integer :unsigned unsigned int

fixnum :unsigned :byte unsigned char

fixnum :unsigned :char unsigned char

fixnum :unsigned :short unsigned short

integer :unsigned :int unsigned int

integer :unsigned :long unsigned long

fixnum :unsigned :short

:int

unsigned short

integer :unsigned :long

:int

unsigned long



Arguments None.

Description The FLI :void  type converts between a Lisp object and a C
void  type. It behaves like an unsigned char . The FLI :void

type is an object, and not a pointer object. To interface to a C
void *  use the FLI type (:pointer :void) .

See Also :pointer

:volatile FLI type descriptor

Summary Corresponds to the C volatile  type.

Package fli

Syntax :volatile &optional type

Arguments type The type of the volatile. The default is :int .

Description The FLI :volatile  type corresponds to the C++ volatile

type. The behavior of a :volatile  is exactly the same as the
behavior of its type, and it is only included to ease the read-
ability of FLI code and for naming conventions.

See Also :const

:wrapper FLI type descriptor

Summary Allows the specification of automatic conversion functions
between Lisp and an instance of an FLI type.

Package fli

Syntax :wrapper fli-type &key lisp-to-fli fli-to-lisp
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Arguments fli-type The underlying type to wrap.

lisp-to-fli Code specifying how to convert between
Lisp and the FLI.

fli-to-lisp Code specifying how to convert between the
FLI and Lisp.

Description The FLI :wrapper  type allows for an extra level of conversion
between Lisp and a foreign language through the FLI. With
the :wrapper  type you can specify conversion functions from
and to an instance of another type. Whenever data is passed
to the object, or received from the object it is passed through
the conversion function. See below for an example of a use of
:wrapper  to pass values to an :int  as strings, and to receive
them back as strings when the pointer to the :int  is derefer-
enced.

Example In the following example an :int  is allocated with a wrapper
to allow the :int  to be accessed as a string.

(setq wrap (fli:allocate-foreign-object
            :type '(:wrapper :int
                    :lisp-to-foreign read-from-string
                    :foreign-to-lisp prin1-to-string)))

The object pointed to by wrap , although consisting of an
underlying :int , is set with dereference  by passing a string,
which is automatically converted using the Lisp function
read-from-string . Similarly, when wrap  is dereferenced, the
value stored as an :int  is converted using prin1-to-string

to a Lisp string, which is the returned. The following two
commands demonstrate this.

(setf (fli:dereference wrap) "#x100")

(fli:dereference wrap)

The first command sets the value stored at wrap  to be 256 (100
in hex), by passing a string to it. The second command deref-
erences the value at wrap , but returns it as a string. The



pointer wrap  can be coerced to return the value as an actual
:int  as follows:

(fli:dereference wrap :type :int)
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Glossary
aggregate type

An FLI type which does not have a simple representation in memory
and is therefore represented as a "boxed" Lisp object. Arrays, string,
structure, and unions are all aggregate types.

callable function

A Lisp function, defined with the FLI macro define-foreign-callable ,
which can be called from a foreign language.

coerced pointer

A coerced pointer is a pointer that is dereferenced with the :type  key in
order to return the value pointed to as a different type than specified by
the pointer type. For example, a pointer to a byte can be coerced to
return a boolean on dereferencing.

FLI

The Foreign Language Interface, which consists of the macros, functions,
types and variables defined in the fli  package.

FLI code

Code written in Lisp using the functions, macros and types in the fli

package.
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FLI function

A function in the fli  package used to interface Lisp with a foreign lan-
guage.

FLI type

A data type specifier in the fli  package used to define data objects that
interface between Lisp and the foreign language. For example, a C long

might be passed to LispWorks through an instance of the FLI type :long ,
from which it is transferred to a Lisp integer .

foreign callable function

See callable function.

foreign function

A Lisp function, defined using the FLI macro define-foreign-

function , which calls a function written in a foreign language. A foreign
function contains no body, consisting only of a name and a list of argu-
ments. The function in the foreign language provides the body of the
foreign function.

foreign language

A language to which Lisp can be interfaced using the FLI. Currently the
FLI interfaces to C, and therefore also the Win32 API functions.

immediate type

An FLI type that can be represented within a single register of memory.
Immediate types include all integer, floating point, character, byte, and
boolean types.

pointer

An FLI type consisting of an address and a type specification. A pointer
normally points to the memory location of an instance of the type speci-
fied, although there might not actually be an allocated instance of the
type at the pointer location.



wrapper

A description of the :wrapper  FLI type which "wraps" around an object,
allowing data to be passed to or obtained from the object as though it
was of a different type. A wrapper can be viewed as a set of conversion
functions defined on the object which are automatically invoked when
the wrapped object is accessed.
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