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1. Requirements

Generating Ada 2005 from UML2 models requires the following plug-ins:

com.adacore.uml2ada2005

com.adacore.uml2ada2005.customactions
com.adacore.com.hiuml.profile
You also need the GNAT native compiler for Ada 2005. The GNAT compiler is used both to pretty-print the generated code and to compile it to object code. Academics and Free Software developers can download a copy of GNAT at libre.adacore.com. A commercial version of the tool including support is available from AdaCore. For more information, please contact sales@adacore.com. More information on Ada 2005 can be found at http://www.adacore.com/home/ada_answers/ada_2005/.
2. Generating Ada 2005 from UML2 models

Generating Ada 2005 from UML2 models edited in Papyrus is pretty simple. Just open the "Run dialog" and create a new "Papyrus generation":
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Then browse for "Papyrus Ada 2005 Generation":
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Finally, select your "Source model", "Target folder" and "Log file" (if any) and click on "Apply" or "Run". 
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To regenerate the code, just click the "Run" button on the Eclipse toolbar.

3. The HiUML profile

The HiUML (High-Integrity UML) profile is a methodological UML2 profile under development at AdaCore. At the time of writing, the profile mainly focuses on modeling high-integrity real-time systems and is based on the Ravencar Computational Model [1,2]. The most interesting stereotypes are:
· <<ConcurrentContainer>>: this stereotype shall be applied to non-abstract classes only to indicate they have a concurrent behavior.

· <<Protected>>: this stereotype shall be applied to non-abstract operations of classes tagged as <<ConcurrentContainer>>. The stereotype indicates that the operation is executed in mutual exclusion. All operations of the same class marked as <<Protected>> use the same logical lock.

· <<Sporadic>>: this stereotype shall be applied to non-abstract operations of classes tagged as <<ConcurrentContainer>>. The stereotype indicates a dedicated sporadic task will execute this operation. The communication model is asynchronous: each time the operation is called, the server task is released to execute it. The client task does not wait for the task to complete its execution, but instead returns as soon as the server task is released. The operation can have "in" parameters only. It is possible to logically allocate the execution of several different operations on the same sporadic task by using the "modifiers" tag.

· <<Cyclic>>: this stereotype shall be applied to operations of classifiers tagged as <<ConcurrentContainer>>. The stereotype indicates a dedicated cyclic task will execute this operation on a periodic basis. The operation cannot have parameters. It is possible to logically allocate the execution of several different operations on the same cyclic task by using the "modifiers" tag. In this case, when the operation tagged as <<Modifier>> is called, the periodic task asynchronously executes it at its next release.
· <<Modifier>>: this stereotype shall be applied to non-abstract operations of classes tagged as <<ConcurrentContainer>>. This stereotype is used in conjunction with the <<Sporadic>> or <<Cyclic>> stereotypes. The operation can have "in" parameters only.
The HiUML profile is available as a first-level UML profile in Papyrus:
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4. The generation strategy
The structure of the generated code is as follows:

· A folder named "obj" to contain compiled object code

· A folder named "src" to contain all sources

· A file named main.adb which is the main program.

· A file named objects.ads where class instances can be located.
· For each UML2 package, a folder named as the package itself. Folders are hierarchical to map the hierarchical nature of UML2 packages.
· 
For each UML2 classifier, a folder named as the classifier itself. Such folder is placed inside the folder representing the package owning the classifier. The code to map the classifier is placed here.
· A file named "proj.gpr": this is the configuration file for the GNAT Programming Studio and GNATbench Eclipse Plug-in. Both tools are available as part of the GNAT compiler. Academics and Free Software developers can download a copy of them at libre.adacore.com. A commercial version of the tool including support is available from AdaCore. For more information, please contact sales@adacore.com.

· A file named gnat.adc: this is a configuration file for the GNAT compiler.

The code generator is able to produce code for the skeleton of classifiers, state machine logic and concurrent behavior. Support for sequence diagrams is experimental.
Generating Ada 2005 for UML2 datatypes
UML2 datatypes are generated as Ada 2005 record types. For each UML2 datatype, at most two files are generated:

· <datatype_name>.ads: the specification package for the datatype. This file is not meant to be modified by the user.
· <datatype_name>.adb: the body package of the datatype. This file is generated only if the datatype has operations. The user is expected to manually inject code here.
Generating Ada 2005 for UML2 interfaces

UML2 Interfaces are generated as Ada 2005 interface types. For each UML2 interface, a single file is generated: <interface_name>.ads. This file is not meant to be modified by the user.

Generating Ada 2005 for UML2 classes

UML2 classes are generated as Ada 2005 tagged types. For each UML2 class, at most four files are generated:

· <class_name>.ads: the specification of the class with its public interface. This file is not meant to be modified by the user.

· <class_name>.adb: this package is used to handle concurrent and state machine logic (if any). This file is not meant to be modified by the user.

· <class_name>-actions.ads: this package contains the functional behavior of the class.

· <class_name>-actions.ads: this package contains the functional behavior of the class. The user is expected to manually inject code here.
5. A simple example
We now introduce a very simple example to explain the generation strategy. The example uses a Client and a Server relation. The Server class implements two different interfaces.
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The structure of the generated code is:
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The code for the interface IServer is generated as:

with Messages;

package IServers is

   -- type declaration

   type IServer is limited interface;

   -- declaration of pointer types

   type IServer_Static_Ref is access all IServer;

   type IServer_Dynamic_Ref is access all IServer'Class;

   -- declaration of array types

   type IServer_Array is array (Integer range <>) of IServer_Dynamic_Ref;

   type IServer_Array_Ref is access IServer_Array;

   --  public operation declaration  --

   procedure Serve

     (This : in out IServer;

      Msg  : in Messages.Message) is abstract;

private

end IServers;

The code for the class Server is generated as
package Servers is
   -- type declaration including multiple inheritance

   type Server is limited new IHPServers.IHPServer and IServers.IServer with

      private;

   -- ancillary types declaration

   type Server_Static_Ref is access all Server;

   type Server_Dynamic_Ref is access all Server'Class;

   type Server_Array is array (Integer range <>) of Server_Dynamic_Ref;

   type Server_Array_Ref is access Server_Array;

   -- Setters & Getters --

   procedure Set_Served_Messages

     (This : in out Server;

      Val  : Messages.Message_Array_Ref);

   function Get_Served_Messages

     (This : in Server)

      return Messages.Message_Array_Ref;

   procedure Initialize (This : in out Server);

   --  public operation declaration  --

   procedure Serve (This : in out Server; Msg : in Messages.Message);

   procedure Serve_High_Priority

     (This : in out Server;

      Msg  : in Messages.Message);

private

   […]

end Servers;

To create some objects, simply go in Objects.ads and add the following code:

package Objects is 

   C : Clients.Client_Dynamic_Ref := new Clients.Client;

   --  polymorphic pointer

   S : IServers.IServer_Dynamic_Ref := new Servers.Server;

end Objects;
Now call setters in the Main procedure:

procedure Main is
   use Objects;
begin

   C.Set_myServer (S);

end Main;

6. A more complex example
We now rework the previous example to introduce concurrency. The goal of this example is to use the HiUML profile to describe concurrent behavior. The input model is described in the following picture.
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We added <<concurrentContainer>>, <<cyclic>>, <<sporadic>> and <<modifier>> operations. 
The generated code has the same structure as before.
The class Server is mapped as:

   type Server

     (Serve_Protocol_Ceiling : System.Any_Priority;

      Serve_Priority         : System.Priority;

      Serve_Period           : Integer)

   is limited new IHPServers.IHPServer and IServers.IServer with private; 
The type declaration requires three parameters to be passed to create an object. The parameters are the values of the protocol ceiling priority, priority, and period of the sporadic task contained inside Server.

To create some objects, simply go in Objects.ads and add the following code:

   C : aliased Clients.Client (15, 15, 1000);

   S : aliased Servers.Server (15, 15, 500);

This will create two objects with their tasks. 
In the main procedure you can add the following code:

   procedure Main is

   begin

      -- call the setters

      Objects.C.Set_myServer (Objects.S'Access);

      -- release the tasks

      Objects.S.Initialize;

      Objects.C.Initialize;

   end Main;

At this point, you can add the code to call the server inside Clients.Actions.Send_Message

   procedure Send_Message (This : in out Client) is

      M : Messages.Message;

   begin

      Ada.Text_IO.Put_Line ("Client#Send_Message");

      -- this is a dispatching call

      This.myServer.Serve (M);

   end Send_Message;
Now you can compile and run the executable: you will have two tasks running concurrently and exchanging data.
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