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The debate over languages and tools for program-
ming reminds me of a mythical story concerning a
marathon bicycle race. In the race, the breakaway
leader of the field notices a light to his rear as he
enters the twilight hours. Fearing that the competition
has closed in, he races harder. Ultimately winning the
race well into the night, he gets a better view of the
light and realizes the moon has been his adversary
all along.

One can draw a parallel between this tale and lan-
guage selection. As a guiding principle, we must real-
ize that whichever language leads the pack, any real
or imagined competition will result in progress. Thus,
providing a domestique to the more widely used Win-
dows languages, this paper demonstrates the use of
Ada as a Windows design and development lan-
guage. As a reader, you can decide whether to ride
with it or view it as a competitor and nagging pres-
ence. Remember that like Cobol and Fortran (and
the moon), Ada will be around for years to come.

Ada

Because of the sprawling nature of the Windows
environment, developers continually demand alterna-
tive languages and tools to handle complicated and
often large projects. Clearly, Ada manages big
projects well, as experience in large defense and
civilian embedded software systems has shown, but
its usefulness for Windows applications remains little
known.

That large, well-integrated, reliable, maintainable,
and reusable Ada applications can be developed for
Windows should come as no surprise. The develop-
ment process becomes more manageable and less
obscure by using standard Ada constructs such as
package specifications, generics, tasking, and
exceptions. In particular, if you want to design com-
ponents, Ada provides elegant support. Furthermore,
the use of automatic code generation techniques

through standards such as ASIS (Ada Semantic
Interface Specification) provide advantages for many
of the mundane interface coding tasks.

For those interested, the presently available com-
mercial Windows Ada offerings include Rational,
R&R, Alsys, and IntegrAda. And you might want to
consider the free Ada 9X GNAT (GNU) compiler for
Windows NT and OS/2, as it promises even better
support for large projects and incorporates several
object-oriented extensions. For the best way to get
information on Ada, try the World Wide Web server
on the Internet at "http://Ilglwww.epfl.ch/Ada/".

Hello World

Of course, one can use Ada for developing Windows
programs in a manner similar to C. But given the
powerful constructs available, why use this
approach?

The code in Figure 1 provides a simple example:

with Skeleton, Display
procedure Hello i
procedure Run i
begi n
Display.Prompt ( "Hello world" )
end Run
pack age App is new Skeleton
begi n
App.Main
end Hello

S
S

(Test=>Run)

Figurel: Ada“Hello world” program

This program will create a true Windows application,
which includes a menu. The generic Ada package
called App serves as a template or placeholder for
the component procedure called Run (note that from
the code’s appearance, you cannot tell that it is tar-
geted for Windows—it looks portable). If compiled
and bound as the main procedure, the executable
will be called hello.ex e. When you select the first
menu item, the program will display a message box



prompt with the now familiar saying.

Right about here someone should exclaim “That’s
not fair, you're hiding stuff!”. In turn, | will usually
reply that of course reuse and implementation hiding
are not entirely fair, especially by developers that feel
the need to get under the hood and see the details.
However, one must admit that reuse does provide a
productivity advantage over those not using the con-
cept. The same can be said for implementation hid-
ing leading to ease of maintenance. Thus, the Ada
approach encourages abstractions which promote
reuse and maintainability.

That implies the next question: “OK, but what is
under the hood?”. To answer this, consider that Ada
packages play the role of specifying the application
programming interfaces (API) to the user. A sepa-
rately compiled Ada package body serves to imple-
ment the actual code. It suffices to say that conven-
tional imperative methods, similar to C or Pascal idi-
oms, can be used whenever necessary in the body of
code (the how-to of coding the package bodies is the
subject over 60 available Ada textbooks).

To reiterate the essential theme, the code not shown
in the “Hello world” example has been tucked away
in a package library that any program can include or
“with” to obtain the components and API services.
Thus, packages and their encapsulated subpro-
grams can be considered in a similar fashion to the
“::" notation used to call static member functions from
C++ classes.

Packaging Components

As the previous example suggests, the design of an
Ada program or component should stress the con-
cepts of separating specification from implementa-
tion. Once again, the key is to hide the Windows
complexities under a wrapper. By showing as little
code as possible, it is easier to point to the salient
features and demonstrate additional powerful capa-
bilities of Ada packages.

DLL Encapsulation

A useful application of Ada packages is in providing a
solid component-like interface to an existing dynamic
link library (DLL). This has more than passing impor-
tance, as specific DLL bindings provide the interface

between an Ada program and the Windows API
itself.

Figure 2 is a specification binding to a rather simple
DLL called Console. The only service this DLL pro-
vides is a separate console window for writing text.

with Wintypes
package Console i S
procedure Output ( Name : in STRING ) ;
function Link ( Window : in Wintypes.HWND )
return BOOLEAN ;
privat e
pragma INTERFACE ( WINDOWS, Link
"Console_Link")
end Console
with System
package body Console i S
procedure Put ( Name : in System.Address )
pragma INTERFACE ( WINDOWS, Put
"Console_Output")

procedure Output ( Name : in STRING ) i S
Str  :constan tSTRING :=Name & ASCII.NUL ;
begi n
Put ( Str(Str'FIRST)'ADDRESS )
end Output
end Console

Figure 2: Ada binding to Console

The package body consists of a string conversion
routine which adds a NUL termination to an Ada
string, effectively creating a C-style pointer. Other-
wise, the DLL interface is defined through an import
library via the pragma INTERFACE directives. A
side-effect of the representation is that, by replacing
the DLL defined names (which occupy a global name
space) with the package specification names, we
achieve a better encapsulation of the available com-
ponent subprograms. Therefore, the pragmas essen-
tially serve to connect the Ada package components
to the DLL names.

The actual DLL for Console was created by using the
Meridian/Rational Ada compiler for Windows (in fact,
any language that supports DLLs could have been
used to implement Console, given the same specifi-
cation). An example of how to invoke the DLL is
shown in Figure 3.



-- Example test cod e
with Console

function Test_Window_Call ( Window : HWND
Message : UINT
wParam : UINT
IParam : LONG)

return LONG i 5
begi n
case Message i S
-- window creation
when Windows.WM_CREATE = >
if Console.Link ( Window ) the n
null; -- Links O K
els e
raise Program_Error; -- No lin k
end if
-- command from application men u
when Windows.WM_COMMAND =>
case wParam i 5
when 101 = >
Console.Output ( "testl")
when 102 = >

Console.Output ( "test2")

Figure 3: Test codefor calling Consle

In the test code, the raise  Program_Erro r signi-
fies an Ada exception, a handy way of developing
software for robustness and keeping code free of
excessive return values. So, instead of checking for
return codes on functions, error conditions can be
caught by exception handlers, leading to more
clearly coded programs. A good example involves
escape handling for dialog boxes, which brings up
the next item of business...

Dialog Box Interface

A dialog box is the ubiquitous layout form in the Win-
dows environment. Among other uses, dialog boxes
typically serve to select options for an application
function.

Ordinarily, the developer creates the boxes and cor-
responding interface code. Tools for creating the
boxes and their associated controls (buttons, text,
etc.) make the layout task easier, but little exists for
interfacing to Ada code. To remedy this situation,
both automatic code generation via a specification
mapping, or the use of generics can substantially
reduce or eliminate the remaining manual interface
coding. In the former case, tools such as a standard
ASIS extension allow one to extract semantic infor-

mation from an Ada library and do elegant transfor-
mations.

Example - Dialog Box Interface Code Generator:
One entirely practical scheme relies on Ada package
specifications. In this method, the specifications pro-
vide a foundation for dialog boxes; whereby, we con-
struct a one-to-one mapping between Ada types and
dialog controls.

To briefly outline the method, a procedure specifica-
tion contains a set of arguments corresponding to
each of the dialog box controls (check box, radio but-
ton, edit text, etc.) and the desired direction of data
transfer. Thus, the specification becomes a declara-
tive interface. The utility of this approach becomes
apparent when we use a code generator to create
the body, which contains the interface code and the
required callback function. Together, Ada’s strong
typing, specification constructs, and object attribute
mechanisms play a key role in allowing code to be
generated with a minimum of additional annotations
necessary.

Consider, for example, interactively setting parame-
ters for a graph display as in Figure 4 (this is a dialog
box from a code tracing and timing analysis tool
called TrAda).

In this box, three options are available:

1. Set the time scale.

2. Set the number of intervals on the time scale.

3. Clean Edges places “nice” values on the time
scale endpoints.

I Set Time Parameters I
Time Scale ———
W Intervals

O milli @ sec O kilo | [ Clean Edge

TrAda Yersion 1.0 - DAINA 0K
612-781-7600

Cancel

Figure 4:Dialog box for setting graphing options

The box was drawn through a standard visually-ori-
ented Windows resource construction tool (Resource



Workshop in this case). However, the standard tool
does not provide the Ada glue or interface code; this
is where the specification-to-body code generator
plays a role.

Figure 5 shows the Ada specification for the dialog
box in Figure 4. Note the mapping of integer, enu-
meration type, and boolean arguments to the corre-
sponding dialog box controls.

with Win types ;
package Set_Timei s

type Scale is ( Milli, Sec, Kilo )

proce dure Bo x
(Window :in  Wintypes.HWND
Max_Time :in out INTEGER
Multiplier : in out Scale
Intervals : in out INTEGER
Clean_Edge : in out BOOLEAN )

Escap e_Error : exception; -- If user cancel S
end Set_ Time;

Figure 5: Ada speification of dialog boc

Thus given a set of mapping rules, the Ada body
(details not shown) can be automatically generated
from the Ada specification (via ASIS or YACC) to pro-
vide the glue code to the previously constructed dia-
log box.

Example - Generic Dialog Boxes: For dialog boxes
that are used frequently, a generic specification can
replace the automatically generated code. Figure 6
shows a dialog box that asks for a string input. Figure
7 is a generic package specification which features
an abstract data type for the string. An instantiation
of the generic (Figure 8) would require matching the
generic formal objects to the dialog box resource
name (Nane) and dialog box control identifiers
(Prompt_| Dand Input_ | D).

= Enter Data

Sawve file: oK

. Cancel
[set_time.ada

Figure 6: A generic datainput dialog boc

with Wintypes; use Wintypes
generi ¢
Name :in STRING
Prompt_ID : in INTEGER
Input_ID :in INTEGER
Max_Input : in INTEGER := 128
package Data_Handler i S
subtype Index is INTEGER range 0.. Max_Input ;
type Edit_String is private ;
procedure Set ( Object : in out Edit_String
Value :in  STRING)
function Value ( Object : Edit_String )
return STRING ;
function Length ( Object : Edit_String )
return Index ;
procedure Get_Strin g
(Window :in HWND
Str :in out Edit_String
Prompt :in  STRING;
Highlight : in  BOOLEAN := TRUE)
procedure Get_Intege r
(Window :in  HWND
Number :in out INTEGER
Low, High:in INTEGER
Prompt :in  STRING:="")
privat e
subtype Max_String is STRING(1..Max_Input)
type Edit_String is
recor d
Val : Max_String
Len : Index
end record
end Data_Handler

Figure 7: A gereric spedfi cation for dialog bax

Overall, this method more closely follows the con-
ventional way of creating reusable objects through
Ada language constructs, but does not allow as
much flexibility as a code generator.

with Data_Handler
with Control_IDs
package D ata_lInterface isn ew Data_Ha ndler
(Name  =>"Edit_Input" ,
Prompt_ID => Control_IDs.Prompt ,
Input_ID => Control_IDs.Input,
Max_Input => 256 );

Figure8: Instantiation of a dialogbox



Tasking and DDE

Typically, each operating system provides its own
specific method for inter-program data communica-
tion. In the Windows environment, applications gen-
erally support dynamic data exchange (DDE). Proto-
cols of this kind actually conform nicely to Ada task-
ing models.

In one form of DDE, the client may send out a
request to the server and wait for a reply. No problem
understanding this concept. However, since most
languages do not support concurrency primitives,
one most likely will have to adopt a busy waiting
scheme to signal the reply message. On the other
hand, Ada provides built-in primitives that handle the
problem cleanly. In particular, starting a separate task
thread to wait on an incoming signal event results in
an ideal solution to a problem that often agonizes
Windows developers.

Figure 9 shows the message flow corresponding to
an Ada DDE tasking design. In addition to the main
thread of control A (which handles the windows
events), a task B synchronizes to the DDE reply
message. The actual blocking or waiting is handled
by the Ada/Windows runtime system.

Client Server
task A task B
: Message
Send message Receive event

to server reply

Process

i

v

Figure 9: Taskthreadingfor a dient/serer

Continue

In the rest of the code, generic client and server
package bodies encapsulate the details of the DDE
protocol. Thus, the internal processing involves set-
ting up channels for the communication and either
posting request messages or waiting for data or
acknowledgments via Ada tasking constructs and
rendezvous semantics.

As another example of data exchange in action, con-
sider a client-server tool. In a typical case, a con-
sumer wishes to receive data in the form of tokens

from a producer application. This is an on-demand
service, whereby the producer does not use process-
ing power unless needed. In this case, separate
tasks can be invoked on the server side to wait in
mid-processing for a request.

As a rule, Ada tasking enhances the logical flow of
the program, eliminating the need for Windows con-
structions, such as busy waiting on message loops,
the use of timer library functions, or saving the state
of a computation.

Example - TrAda DLL: In a perfect world, all pro-
grams would be in Ada. In the real Windows world,
we have to make concessions. One of these is to
provide interfaces to other languages. The utility of
the DLL approach described earlier is that a single
library can be used with other DLL-compliant lan-
guages, leading to a uniform interface notation.

Unfortunately, other languages cannot use the Ada
tasking runtime, so to implement DDE in a DLL we
use only procedural Ada constructs. No problem, just
hide the implementation details. A standard method
wraps a DLL client layer around a server applica-
tion’s DDE channels. This provides several benefits:

1. The client linked-code import library stays small.

2. The server tool remains executable as a stand-
alone program and thus one can use conven-
tional development methods (tasking, etc.).

3. Any DLL-compliant languages can call the tool's
library.

As an example, TrAda is a tracing and timing analy-
sis DLL-wrapped tool for use during Windows pro-
gram development. In a typical situation, one can use
TrAda as a debugging tool for monitoring Ada tasking
or sequential code flow. TrAda works by supplying a
DDE message link via a DLL to a client application.
By inserting a monitoring symbol string to the Ada
code, one can follow the timing behavior of the exe-
cuting program. In other words, TrAda acts as a Win-
dowed oscilloscope trace of program execution.

During execution, TrAda acts as the server and the
targeted Ada application is the client. Figure 10
shows an Ada binding to the DLL. (Note that the
comment line indicated by a --$ST R, should actually
be read as a Meridian-specific compiler directive/
shortcut to indicate an Ada STRING is being con-
verted to a C-style pointer with a NUL termination.)



-- Merid ian OpenAda 2.0 binding for TrAd a
with Win types ;
package TrAdai s
proced ure Trace_Name ( Name : in STRING ); --$ST
pragma INTERFACE ( WINDOWS, Trace_Name
"TrAda_Trace_Name") ;
functi on Link ( Window : in Wintypes.HWND )
return BOOLEAN ;
pragma INTERFACE ( WINDOWS, Link, "TrAda_Link")
end TrAd a; -- body is empt y

Figure 10 DLL speification for tracing tod

To use TrAda the following steps are invoked:

1. The procedure TrAda.Li nk(Window ) initial-
izes the link client to TrAda and starts the pro-
gram if it is not already loaded. Windowis the
client window's handle.

2. The TrAda.Trace_Name(“Name” ) procedure
sends the monitoring symbol via DDE to the con-
currently executing TrAda program.

Figure 11 is an example of test code to be traced.
When menu commands with menu identifiers num-
bered 101 and 102 are selected, corresponding sym-
bols are sent to TrAda via the DDE connection. Fig-
ure 12 is a screen-shot of the TrAda executable with
a typical output trace. The Reset button resets the
time and trace. The Time button brings up the Set
Time Parameters dialog box (see Figure 4).

-- Examp le test cod e
with TrA  da;

function  Test_Window_Call ( Window : HWND
Message : UINT
wParam : UINT ;
IParam : LONG )
return LONG i 5
begi n
case Messagei s
wh en Windows.WM_CREATE =>
if TrAda.Link ( Window ) the n
Con_|O.Put_Line ( "Linked OK")
end if
wh en Windows.WM_COMMAND =
case wParami s

when 101 = >
TrAda.Trace_Name ( "test 101")
when 102 = >

TrAda.Trace_Name ( "test 102")

Figure 11: Test code for tracing flow

—

seconds 2.00 600 100 140 1810

Figure 12: Example trace oufput

Summary

Windows possesses a strongly C-oriented applica-
tion programming interface. However, with proper
Ada abstractions, many potential problems associ-
ated with language interoperability can be minimized.
In addition, tools to convert representations are very
useful (such as converting between Ada constant
declarations and C #defin e header files). In the
end, Ada encapsulation, generics, and tasking can
hide much of the Windows-specific details. Plus, you
don't have to throw out legacy DLLs.

Ada is a good choice as a base language for Win-
dows development, particularly for developing large-
scale programs. | have found that the Ada program
development was not hindered by the lack of a native
code debugger (thanks to the strong type checking,
exception handling, etc.). However, availability of a
more extensive development environment, with
source browsers, etc., would be desirable.

Because of the overall complexity of Windows and
the effort that typically goes into coding for a GUI, the
Ada developer’s goal should be to avoid manually
generating Windows-specific code. Instead, reuse
code through generics or automatic code generators
whenever possible. For many programmers, the pop-
ularity of a language results from how few lines need
to be written to run a “Hello World” program. In this
regard, the use of high-level Ada constructs such as
packages, generics, tasking, and exceptions provide
for a productive programming environment.

The described tools (Console and TrAda, as well as
Ada source browser BrAda) are public domain and
can be obtained from the AdaNET repository at
RBSE.mountain.ne t or from the author.




