The C interface

E.1 OVERVIEW

Eiffel software must interact with software written in other languages, particularly C and
C++. With its emphasis on providing the right mechanisms for high-level system structuring,
Eiffel is useful as avrappingtool, which can serve to repackage existing software into better
architectures based on object-oriented principles.

This chapter describes the possibilities available to ISE Eiffel users developer for
calling external C functions. It is also possible to access and manipulate C++ classes; this is
the topic of the next appendix.

The C interface provides in particular the following mechanisms, detailed in the
following pages:

* You can specify that a certain external routine is in fact implemented on the C side as
a macro, saving the overhead of function calls.

* You can force a certain type signature (“prototype”) for the arguments and result of
the C function in the Eiffel-generated C code.

* You can request certain include files to be included for a certain C function.

« You can call routines from Dynamically Linked Libraries (DLLS), in both their 16
and 32-bit variants on Windows. The library and the function can be specifi
explicitly in the Eiffel text, or they can be determined at run time; this last possibility
is particular interesting if you are using the environment in “melt-only” mode,
without a C compiler.

iéadows

These facilities go beyond what is describediffel: The Languagevhile remaining
consistent with the language specification. (They simply rely on defining new external language
names.) Among their various advantages, they enable Eiffel developers to make extensive use
of external C code without having to write or maintain significant amounts of C code
themselves — a desirable property since Eiffel developers tend to prefer working in Eiffel.

The discussion covers calling C from Eiffel. Some developments will also require
interaction in the reverse direction: letting C/C++ code create Eiffel objects and apply Eiffel
features to them. This important need is addresse@eoy, the C-Eiffel Call-In Library.

Cecil is described in chapter 24 Biffel: The Languagea presentation, with important
additional information and examples, is available on-line fintipt//www.eiffel.com



file_statugfiledesc INTEGER: INTEGERIs
-- Status indicator fofiledesc
external
nee
alias
" fstat"
end

This declaration makefile_statususable in exactly the same way as any other Eiffel
routine but implemented in a special way: as a call to a C funcfitat

Theexternal clause indicates that the routine’s implementation is external; the string that
follows is the name of the language, here C.

Thealiasclause indicates the name of the corresponding routine in the language of origin,
here_fstat You may omit thalias clause if the external name is the same as the Eiffel name;
but in some cases a non-Eiffel routine might have a name which is not legal in Eiffel, as is the
case here since a C function, unlike an Eiffel routine, may have a name beginning with an
underscore _. We will also see how to useatfees clause to specify a function index in the case
of a routine that encapsulates a C function from a Dynamically Linked Library.

The external mechanism requires the ability to generate C code, through freezirseebesc: CALL-
finalizing, and hence requires the availability of a C compiler. It also requires you to indING ADLL ROUTINE
in the Eiffel text, the name of the library, the name of the external routine, and its signgﬁLETFfml'E')'Eé)SAT
Later in this appendix we will see a mechanism, DESC, that addresses both of these pripage 331 =~
the SHARED_LIBRARY_ROUTINEbrary class, through which you can call an exterr
routine whose name is only determined at run time.

E.3 EXTENDED LANGUAGE NAMES

When calling C functions, you can, as in the above example, choose théGtramlanguage
name. ISE Eiffel offers more possibilities, however: by adding qualifications@Gfteu can
specify further properties of the external functions. This only involves working on the contents
of the “language name” string; since the language descriptiBifféh The Languageoes not

place any restriction on the nature of that string, the facilities described in this chapter do not
imply any departure from the official language specification.

The rest of this discussion describes the possible values of the string that follovThe examples are i€
external keyword when the aim is to use C and C++ in various ways beyond the dEXAMPLES AND
mechanism. It shows first the syntax specification for External routine and continues W\S@HAD\III-\IF'\I(SCS?NE_G age
explanation of the semantics followed by a few examples corresponding to commoncas._. ..._ ' pag

next appendix applies the same progression to the C++ interface.

In both cases you may find it easier to look at the examples first.



1>

External external Language name [External_name]

1>

Language name
Basic_language _name
[Special_external_declaration]
[Signature]

[Include_files]

Basic_language name 2 "C" | "C++"

Special_external_declaratign  "[" Special_feature ""

Special_feature 4 Special_C_feature | Special_C++_feature
Special_C++_feature 4 ... See appendix F ...

1>

Special_C_feature macro File_name |
dil16 File_name |

dlI32 File_name

File_name 4 User_file_name | System_file_name
User_file_name 4 %" Manifest string '%"
System_file_name 4 "<" Manifest_string ">"

Signature A4 "("Type_list")" [Result_type]
Type_list 4 {Type"'"..}

Result_type 4 ""Type

Include_files 4 " File_list

File_list 4 {File_name"" ...}

1>

External_name alias Manifest_string

The syntax description conventions are thos&€Bf. 2 means “is defined as”. The vertical bar |
separates alternative choices, such as the three possibilities for Special_Tdsuteackets [...]

enclose optional components; for example a Language_name is made of required quotes, a required
Basic_language_name and three further components, any or all of which may be absent. The
notation {Element Separator..} means: 0 or more occurrences (“specimens”)Eéément
separated, if more than one, Bgparator.

Several of the symbols of the syntax notation, such as the brackets or the vertical bar, also appear
in the language; to avoid any confusion they are given in double quotes. For example the
specification for Include_files begins with "|" to indicate that an Include_files part starts with a
vertical bar. Single quotes may be used instead of double quotes when one of the quoted characters
is itself a double quote; for example '%" appearing in the production for User_file_name denotes
the percent character followed by the double quote character. Special words szaincis bold

italics stand for themselves, unquoted.



E.5 AVAILABLE POSSIBILITIES

A Special_C_feature, if present, indicates one of the following:

« If the special feature’s declaration starts witlacro, the external routine should be
treated as a C macro, whose definition is to be found in the given File_name. This makes
it possible to treat calls to the routine as simple macro expansions (even though from
the Eiffel perspective they are seen as normal routine calls), avoiding the overhead of C
function calls.

« If the declaration begins witllll16 or dll32, the external routine belongs to a Window4 /.
Dynamically Linked Library, 16-bit in the first case and 32-bit in the second casevmﬁgdo‘"’S
compilation mechanism will take care of generating all the code that is necessary to
prepare for interaction with the DLL routine. You must include a File_name, indicating
where to find the DLL.

A Signature specifies the types that must be declared, in the generated C code, for the
arguments and results. (The Result_type is optional; include it for a function but not for a
procedure.) Normally the Eiffel compilation mechanism uses default conventions for the C
equivalent for Eiffel types. These conventions, described at the end of this chapter, may
occasionally be inadequate; for example a C function from an existing library may expect an
argument of typeintl6 (16-bit integer) rather than the default “long” integer type. By
specifying the Signature explicitly, you can override the default conventions. Without this
mechanism you would need to write a small C interface function which uses the default types
and calls the existing function, “casting” the arguments (that is to say, forcing their conversion)
into the required types. As noted at the beginning of this chapter, the aim of the facilities
described here is to avoid the need for writing and maintaining such C code, and enable Eiffel
developers to concentrate on writing Eiffel software even when they must develop interfaces
with code written in other languages.

The Signature part, normally optional, is required in one case studied in more detail below: 32-bitSee'Using routines
DLLs with arguments. from Dynamically
Linked Libraries”,

. . . . . . E.6.4, page 330
Finally, an Include_file part, if present, indicates that one or more files must be mcL______,IO g

in the C sense, into the generated code. The include file may contain any C declarations that
will be required by the external function.

A File_name is defined as either a User file_name or a System_file_name. A
User_file_name, in double quotes, is a normal path name; a System_file_name, in angle
brackets, denotes an include file to be found in some fixed directory, according to conventions
defined by the platform.
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Then you can write the following Eiffel routine, whose calls will simply result in in-line
expansion of the corresponding macro in the generated C code:

your_externala, b: INTEGER: INTEGERis
external
"C [macro %"|pathjusfjuser_macro.#6"]"
alias
"sum’
end

In this example and subsequent ones you should, as elsewhere in this manual, replace the
vertical bar | by the path separator conventions of your platform.

E.6.2 Casting the result

To ensure that the result of a C function will be usable as an Bff@GER even though it For the Eiffel-C type
may be declared in C with another compatible type, you must cast it to tHellygBITEGER equivalences see
which is used, in the Eiffel-generated C code, to represent Eiffel inteG&FsINTEGERis E%Z'T\E/kLCE;\C(FE’E
declared by default dsng int the whole set of such types appears later in this chapter.) Tt 7 page 331 ’
necessary to avoid type errors when C-compiling the generated C code. The Signature

avoids the need to include any manual casting. Here is an illustration of how you can use It

other_externala, b: INTEGER: INTEGERIs
external
"C [macro %"|pathusrother_macro.Bo"]%
%(EIF_INTEGEREIF_INTEGER: EIF_INTEGER
alias
"sum
end

Note the two-line string, with the first line ending with a % and the second line starting with
tabs and a %.

The example assumes that the C side returns a type oth& EhdNTEGER The casting
is only necessary for the result, since Eif¢TEGERarguments will by default be declared in
the generated C &9F INTEGER but a Signature, if present, must include a type for every
argument as well as the result.

If the C side required a typeur_type(assumed to be compatible witF_INTEGER
for one of the arguments, you would yseir_typeat that position in the signature. In such a
caseyour_typewill often be a developer-defined C type rather than one of the predefined types
of the language; the generated code must then have access to the type definition. This is a typical

case in which thanclude facility, to be now explained, will prove handy.



your_externala, b: INTEGER: INTEGERIS
external
"C [macro %"[pathusrother_macro.Bo"]%
%(EIF_INTEGEREIF_INTEGER: EIF_INTEGER%
%| <psHincludgxxx.h>, %"[pathusetfother_macro.bo" "
alias
"sum’
end

E.6.4 Using routines from Dynamically Linked Libraries Windows

The next two examples show how to use functions from Dynamically Linked Libraries on
Windows. They require access to a C compiler; see below how to proceed without a C compiler
(melt-only) or when the function name is not known at compile time.

Here is an Eiffel routine that encapsulates a function from a 16-bit DLL:

dynamic_externala, b, c, d, e: INTEGER is
external
"C [dII16 %"herlib16.d11%"] %
% (WORD DWORD WORD WORD DWORD"
alias
"G
end,

This example illustrates a property of 16 anddll32 subclauses: the use of a DLL
index. To enable the generated code to call a routine from a DLL, you need to specify where to
find the routine in the DLL. The external routine name (indicated ialthgclause if there is
one, otherwise identical to the Eiffel routine name) serves this purpose. Instead of a name,
however, the DLL mechanism may require an integer index; even if a name is accepted,
providing an index is usually more efficient. To specify an index, write it ialtagclause as
in the above example.

Note that specific C compilers for Windows may impose their own conventions,
although 16-bit DLLs have reached a good level of interoperability, so that you can use the
above scheme to call DLL routines generated by many popular C compilers.

For 32-bit DLLs there has not been as muehfactostandardization yet. Our last
example illustrates the use of a 32-bit DLL routine:



end

For DLL-32 routines the following two validity rules are enforced:
« An alias clause listing an integer is required.

« If the routine has arguments, the Signature part is required.

More generally, if you need to call 32-bit DLL routines produced with a specific C
compiler, consult the release notes for ISE Eiffel as well as the documentation for the chosen
C compiler.

E.6.5 Sharing and freeing

If your system uses several routines from the same DLL, its execution will only load one
instance of the DLL.

When the execution terminates, the ISE Eiffel run-time system will free all DLL instances
loaded in this way.

E.7 EIFFEL-C TYPE EQUIVALENCE

The typeEIF_INTEGERwas mentioned above. Here is the complete list of C type declarations
used to declare the C equivalents of Eiffel’'s basic types:

typedef long EIF_INTEGER Watning: this s C, not
typedef unsigned char EIF_CHARACTER

typedef float EIF_REAL

typedef double EIF_DOUBLE

typedef char * EIF_ REFERENCE

typedef char * EIF_POINTER

typedef unsigned char EIF_BOOLEAN

E.8 DESC: CALLING A DLL ROUTINE DETERMINED AT RUN TIME Windows

All the mechanisms discussed so far for calling an external routine require that you include the
routine’s exact name in the Eiffel text (as the Eiffel routine name if it is the samealafter
otherwise). They assume, furthermore, that C code will be generated as the result of the
compilation. Certain cases may invalidate either or both of these requirements:

« It may be desirable to wait until run time to determine the name of the external routine
to be called in a DLL, or even the name of the DLL itself.

* You may use the environment without a C compiler, relying solely on melting.



if they were using a language such as C: loading library instances; sharing these instances;
freeing the instances when they are not needed any more.

Many platforms offer shared library facilities similar in spirit to the DLLs of Windows.
Although they address the same general goals, these facilities vary widely in their details. The
DESC mechanism is designed to provide a common framework enabling Eiffel developers to
take advantage of library sharing in a consistent way across platforms. At present, however, it
only supports the Windows variant, which we will now explore.

E.8.1 DESC overview

The DESC mechanism enables you to construct objects representing external routines
determined at execution time through their name and libraries, and to call these routines with
the appropriate arguments.

Two classes,DLL_16 and DLL_16 ROUTINE supported by an auxiliary class
SHARED_LIBRARY_CONSTANPI8vide the basis for DESC under Windows:

» Aninstance of clasBLL_16describes a 16-bit Dynamically Linked Library. This class
is a descendant of the deferred cl&4ARED_LIBRARYcovering the platform-
independent notion of shared library.

* An instance of clas®LL_16 ROUTINEdescribes a routine from a 16-bit DLL.
Predictably, this class has an attribute of tixi¢ 16 describing the library to which
the routine belongs. It has a deferred anceS6lARED_LIBRARY_ROUTINE
capturing the platform-independent notion of shared library routine.

« SHARED_LIBRARY_CONSTANT8roduces a few declarations useful for dealing
with shared libraries and routines, in particular a few integer constants describing error
codes and type codes. It is an ancestor to both of the preceding classes; application
classes using DESC can also inherit from it to gain access to its facilities.

These classes are part of the Windows version of EiffelBase, available in precompiled
form for use both with and without a C compiler.
The basic sequence of instructions to use the DESC mechanism is the following:
D1« Create a library object (an instance @EL_16), providing the library’s name as
argument to the creation procedure.

D2 « Create a routine object (an instancBbE_16_ROUTINE)providing the library object, the
routine’s name or index in the library, and the routine’s signature — number of arguments,
types of arguments, type of result if any — as arguments to the creation procedure.

D3« Apply procedurecall to the routine object, passing ¢all an array that contains the
actual arguments required by the external routine.

Each of these steps may be repeated as often as necessary to use multiple libraries,
multiple routines in a library, or multiple calls to a given routine.

More details follow. (See also information in the Windows Release Notes, and the flat-
short form of classeBLL_16 DLL_16_ROUTINEandSHARED_LIBRARY_CONSTANIS
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II'your_dll. make("your_lib_namég&)
whereyour_lib_names the name of the file containing the library.

After this call has been executed, the boolean vwabue dll. meaningfulwill be true if
and only if the creation has been successful, that is to say, the given name did correspond to an
available library, and it was possible to load it.

If your_dIl. meaningfulis false, you can have more details about the error by comparing
the value ofyour_dll. error_code an integer, to those of constant attributes defined in class
SHARED_ LIBRARY_CONSTANTS expressed by an invariant of cladd. 16, the value of
meaningfulis true if and only ifrror_code= 0.

E.8.3 Creating a routine object

To create a DESC object representing a routine from a DLL, use a declaration such as
your_routine DLL_16 ROUTINE

whereyour_routineshould be replaced by whatever name you have chosen to denote the routine
in your software, and execute a creation instruction of the form

Il'your_routine make_by name
(your_dll,
"your_routine_nanie
<argtypl, argtyp2 ...>>,
res_typg

or, if you prefer for faster access to identify the routine by an integer index rather than a name:

Il'your_routine make_by_index
(your_dll,
your_routine_index -- The only differing line
<argtypl, argtyp2 ...>>,
res_typg

whereyour_dllis the library object obtained at the previous step. The preconditions for both
make_by namandmake_by indekclude the following clauses on the first argument, known
through its formal namkb (corresponding tgour_dll above) in the routine:

require
library_exists lib /= Void
meaningful lib. meaningful

After either call has been executed, the boolean walue routine meaningfulwill be
true if and only if the creation has been successful, that is to say, the given name or index did
correspond to a routine of the library, and it was possible to open it. If the value is false, you
can have more details about the error by comparing the vajwweiofroutine error_code an
integer, to those of constant attributes defined in SaSRED _LIBRARY_CONSTANTES



« The first argument, as noted, denotes the library.

» The second argument identifies the desired routine in the library: by its name, of type

STRING in the first case; by its index, of tyfdTEGER in the second.

* The third argument, of typARRAY[INTEGER, gives the list of type codes for the

arguments to the routine. Each type code is an integer associated with one of the

possible types to be passed to a DLL routine.

 The fourth and last argument is a type code for the result.

In the above examples the third argument is declared as a manifest array; as explained
in Eiffel: The Languagethe notation <&l, a2, ...>>, known as a manifest array, denotes an
array indexed from 1 whose successive items are the ones given. Here the array items
argtypl, argtyp?2 ... must all be integers giving the type codes of the successive arguments
to the routine. (Use an empty manifest array, << >>, if the routine has no arguments.) For

hese items as well as fars_typeyou may use the following type codes:

T array

T boolean

T character
T double
T_integer

T real
T_pointer

T reference
T_string

T_short_integer

T no_type

Array. (What is passed to C is the “special object” contai
the actual array elements, directly usable by C. To pas

Eiffel array object, useT_reference A restriction: the

elements of the array may be references, or they may b
basic type —BOOLEAN INTEGERetc. — but they may n
be of an expanded type other than the basic types.)

Boolean (passed to C as unsigned character, 0 for
nonzero for true).

Character.

Real number, double precision.
Long integer type.

Real number, single precision.
Pointer to C structure.
Reference to Eiffel object.

String. (What is passed to C is the C form of the Eiffel st
the conversion is achieved automatically by the fedture

ning
s the

Y

e of a
Ot

false,

ring;

of class STRING To pass the Eiffel string object, use

T_reference

Short integer type. (The Eiffel side will use noridlrEGER
values for the corresponding actual arguments.)

No type; to be used fores_typeonly, for the case of
procedure (which has no result type).




Having created the object representng the external routune anda attached It (0 enuty
your_routine you may now call the routine with arbitrary actual arguments through the
procedurecall, a feature of cladBLL_16_ROUTINE

The procedure takes a single argument, of 4RAY[ANY], containing the successive
actual arguments to be passed to the external routine. The easiest technique is to use a manifest
array, as in

your_routine call («<-325, 67.2%, a + b>>)

E.8.5 Accessing the result of a function

If your_routinedenotes a function (a routine that returns a result), you will be able to access the
result by querying the attached instancébf._16 _ROUTINEhrough one of the following
calls, each corresponding to one of the possible result types:

Typical call Eiffel type of the result

your_routine boolean_result BOOLEAN

your_routine character_result CHARACTER

your_routine double_result DOUBLE

your_routine integer_result INTEGER

your_routine pointer_result POINTER

your_routine real_result REAL

your_routine reference_result ANffo use the result, an assignment
attempt will usually be necessary)

your_routine string_result STRINGautomatically converted
from C form to Eiffel form by the
featurefrom_cof classSTRING

E.8.6 Consistency requirements and protection against errors

In a call to procedureall such as the above, the number of elements in the array and their types
must correspond to the signature — number and type of arguments — specified in the third
argument of the latest call toake_by namer make_by_index

This requirement is captured by a functemmforms_to_signatureelying on the function
conforms_tdrom the Kernel Library clasSENERAL It is expressed by the third precondition
clause of procedureall:

call (args ARRAY[ANY]) is
require
meaningful meaningful



numper or actual arguments and their types matcn the actual signature or that routine. You are
responsible for ensuring that the routine gets what it expects.

Similarly, each of theresultfeatures has a precondition stating that it must be compatible
with the result type set by the latest caliiake_by_namer make_by_indexror example in
the case dboolean_resulthe result type must have been sék tbooleanHere too there is no
protection against type errors at the Eiffel-C border; double-check your software to make sure
that the result types you are positing on the Eiffel side match what the DLL routines actually
declare.

E.8.7 Sharing and freeing

As noted, one of the effects of creating a library object, using a creation instruction of the form
I'your_dll. make("your_lib_namé), is to load the library of namgur_lib_nameWhen you
subsequently create routine objects relativgdor_dll, they will all share the same library
instance.

It is possible, however, to load several instances of a library: simply create several library
objects, passing in every case the same styiogr" lib_naméas actual argument to theake
creation procedure.

If the same library name is used by an external DLL routine, statically declared through theSeéUsing routines from
mechanism studied earlier in this chapter, and by a library object created dynamically by the DESDynamically Linked
mechanism as an instanceRifL_16, two different instances will be loaded. Libraries”, E.6.4, page 330

When a DESC library object is no longer accessible and the garbage collector reclaims it,
this will automatically (through the procedutisposeas redefined for clag3LL_16)free the
corresponding library instance.

For most uses this automatic freeing will be sufficient. If, however, you want to free a
library manually, you can do so through the gallir_dll. free As a postcondition of this call,
your_dIl. meaningfulwill be false, as well agour_routine meaningfuffor any routine object
your_routinethat was created relative your_dll.
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