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New language constructs  
(recalling previous presentation) 
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Implementing split-task multiprocessor 
scheduling: slot-based split-task dispatching 

  As seen in the example 
  A high priority band is used for the split tasks’ slots 
  Asynchronous task control is used to suspend a task if it 

has reached the end of left slot 
  Timing events manage the dispatching points 
  Management encapsulated in a Protected Object  
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pragma Priority_Specific_Dispatching (EDF_Across_Priorities, 1, 10) ; 
pragma Priority_Specific_Dispatching (FIFO_Within_Priorities, 11, 12); 

… 

protected type Sporadic_Switcher is 
   pragma Priority(12); 
   procedure Register(ID : Task_ID; Phase_1_CPU, Phase_2_CPU: CPU_Range; 
                      Phase_1_Reserve, Phase_2_Reserve : Time_Span); 
   procedure Handler(TM :in out Timing_Event); 
   procedure Release_Task; 
   procedure Finished; 
   entry Wait; 
private 
    -- private data  
end Sporadic_Switcher; 
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procedure Release_Task is  -- called by someone else or by interrupt 
begin 
-- decide if release or not depending of phase           
      if Release_Time >= Slot_Start and Release_Time < End_of_Phase_1 then  
         Set_CPU(Client_Phase_1_CPU, Client_ID);  
         Switch_Timer.Set_Handler(End_of_Phase_1, Handler'Access); 
         Client_Current_Phase := Phase_1;  
         Released := True;            
      elsif Release_Time >= Start_of_Phase_2 and Release_Time < End_of_Slot then 
         Set_CPU(Client_Phase_2_CPU, Client_ID);  
         Switch_Timer.Set_Handler(End_of_Slot, Handler'Access); 
         Client_Current_Phase := Phase_2;  
         Released := True; 
      else 
         Client_Current_Phase := Not_Released; 
         Switch_Timer.Set_Handler(Start_of_Phase_2, Handler'Access); 
      end if; 
   end Release_Task; 
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 procedure Handler(TM :in out Timing_Event) is 
   begin 
      case Client_Current_Phase is 
         when Not_Released =>             
            Set_CPU(Client_Phase_2_CPU, Client_ID);  
            Switch_Timer.Set_Handler(End_of_Slot, Handler'Access); 
            Client_Current_Phase := Phase_2;  Released := True; 
         when Phase_1 =>     
            Client_Current_Phase := Suspended; 
            Switch_Timer.Set_Handler(Start_of_Phase_2, Handler'Access); 
            Hold(Client_ID);  
        when Suspended =>  
            Set_CPU(Client_Phase_2_CPU, Client_ID);  
            Switch_Timer.Set_Handler(End_of_Slot, Handler'Access); 
            Client_Current_Phase := Phase_2;  Continue(Client_ID); 
         when Phase_2 =>  
            Set_CPU(Client_Phase_1_CPU, Client_ID);  
            Switch_Timer.Set_Handler(End_of_Phase_1, Handler'Access); 
            Client_Current_Phase := Phase_1;  
      end case; 
   end Handler; 
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task body Task_2 is 

begin    My_Switcher.Register(Current_Task, 
                        CPU_2, CPU_1, 
                        Reserve_Phase_1_Task_2, 
                        Reserve_Phase_2_Task_2); 
   loop 

      My_Switcher.Wait; 

      -- Code of application 

      My_Switcher.Finished; 

   end loop; 
end Task_2; 



Implementing split-task multiprocessor 
scheduling: job-based split-task dispatching #1 

  Simpler 
  Uses Priorities 
  Timing Event to change CPU in the end of phase 1 
  Management encapsulated in a Protected Object  
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Priority_Task1_First_Phase  : constant Priority := 20; 
Priority_Task1_Second_Phase : constant Priority := 19; 

Priority_Task2 : constant Priority := 18; 
Priority_Task3 : constant Priority := 17; 

protected type Job_Based_Switcher is 
procedure Register(IID : Task_ID; Phase_1_CPU, Phase_2_CPU: CPU_Range; 
                       Phase_1_C, Phase_2_C, Phase_1_D, Phase_2_D: Time_Span; 
                             Phase_1_Prio, Phase_2_Prio: Priority); 
   procedure Handler(TM :in out Timing_Event); 
   procedure Release_Task; 
   procedure Finished; 
   entry Wait; 
private 
    -- private data  
end Sporadic_Switcher; 
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   procedure Handler(TM :in out Timing_Event) is 
   begin 
      -- in this algorithm, handler is just called in the end of phase 1    
      Set_CPU(Client_Phase_2_CPU, Client_ID);  
      Set_Priority(Client_Phase_2_Prio, Client_ID); 
   end Handler; 

   procedure Release_Task is   
   begin 
      -- calculate parameters 
      -- set first phase parameters 
      Set_CPU(Client_Phase_1_CPU, Client_ID);  
      Set_Priority(Client_Phase_1_Prio, Client_ID); 
      -- set timer            
      Switch_Timer.Set_Handler(End_of_Phase_1, Handler'Access); 
      -- release 
      Released := True;            
   end Release_Task; 



Implementing split-task multiprocessor 
scheduling: job-based split-task dispatching #2 

  The second algorithm is also job-based split-task 
  However, it uses EDF for scheduling tasks, and 
  Migration is in dependent on actual execution time 

  So a executon time timer is used 
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protected body My_Job_Based_Switcher is 
   procedure Register(ID : Task_ID; Phase_2_CPU: CPU_Range)  … 

   procedure Budget_Expired(T : in out Ada.Execution_Time.Timers.Timer) is 
   begin 
      -- similarly to previous section, handler just called in the end of phase 1    
      Set_CPU(Client_Phase_2_CPU, Client_ID);  
   end Budget_Expired; 

end My_Job_Based_Switcher; 
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task body Task_2 is 
   … 
begin 
   My_Job_Based_Switcher.Register( ... ); 
   Next := Ada.Real_Time.Clock; 
   loop 
      Delay_Until_and_Set_Deadline( Next, Deadline_Task_2); 
      Set_CPU(Phase_1_CPU, My_ID);  
      Ada.Execution_Time.Timers.Set_Handler(The_Timer, C_First_Phase, 
                        My_Job_Based_Switcher.Budget_Expired'Access); 
      -- Code of application  
      Ada.Execution_Time.Timers.Cancel_Handler(The_Timer, Cancelled); 
      Next := Next + Period_Task_2; 
   end loop; 
end Task_2; 
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Task Splitting and Ada 

  There are a few practical imperfections 
  Code executing in the wrong processor 

  Handlers and release procedures 
  Should we specify in which CPU timing event and 

execution time handlers execute? 
  Setting in a different CPU may need to reschedule so 

we need more experience with implementations 
  In particular, a potential source of priority/deadline 

inversion 
  Task 2 in the last example 
  Also, periodic tasks in slot-based approaches must be via 

a timer 
  Should we defer changing CPU and Deadline? 

  Instead a lot of Delay_Until_And_Set_X_And_Y_And_Z 
(and do not forget Yield_And_Set_Deadline?) 
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