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 Real-time modeling and analysis of applications written
In Ada 95 and using Annexes D and E.

« Goals of this methodology:

Based on independent models of the Platform, the Application
software components, and the Real-time situations.

The semantics of the modeling components include fine details
of the Ada structures.

Reusable models of the logical Ada components.

Automatic modeling of local and remote access to distributed
Services.

Formulated with UML: may be supported by any standard
CASE tool.
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Analysis and design tools

- Avallabletools:
m Holistic analysis
m Offset-based analysis
m Varying priorities analysis
m Multi-processor priority assignment
o Linear HOPA
o Linear ssimulated annealing priority assignment

 Tools under devel opment:
m Multiple event analysis
m Multiple event priority assignment
m Mono-processor and distributed simulation
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Sections of real-time models
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(Processors, networks, timers,
operating systems, threads,

Logical Component Model

(Operations, shared protected
resour ces, remote operations, ...)

Vienna, June-2002

Ada-Eu rope 2002 +



Platform modd

Processing_Resource

/ Schedullhg_Server i
/dispatcher
1 /

/
Scheduling_Policy .
/ Processor | Network
/ ZF o.n Driver — 1
/
~ Fixed_Priority_Processor
/
/ |
sl f 1 onl n Fixed_Priority Network
RT Ada Node | Ada Node Ada Channe

1 0..n

Vienna, June-2002 Ada-Europe 2002 +



Classes for modeling the logical Ada structures

Operation
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Operation o —o.n
Z( Parameter
Sy Local_Operation Remote_Operation Guarded
A —
Composite APC_Operation 'RPC_Operation
Simple
<Fl InMarshalling
Composite Model InUnmarshalling
OutMarshalling
. OutUnmarshalling

Concurrent_Model GuardEvaluation
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Classesfor modeling thereal-time situations

Real Time Situation

e
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Suitability for modeling Ada structures

- Modeling the structures:

m The models of the Ada components (packages, tagged types, tasks,
protected objects, etc.) are reusable and application-independent.

m The model preserves the same structure (dependency, visibility,
naming conventions, scope) of the Ada application.

« The model includes the timing behavior details of:

m  Synchronization primitives (protected object access, task redezvous,
Interrupt service, etc.)

m Adatasks.
m APCsand RPCs.
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Ada constructs. model of a synchronization artifact.

protected Syrchro is protected body Synchrois
pragma Locking_Poi cy(Ceiling_Locking); ~ProcedureFireis
: pragma Pricrity(28); begin
- Ada task that waits for theevent pr ocedure Fire; Event=True -- Adatask that generatesthe event
“ . entry Await; end Fire; - _ Sunchro.F
Synchro. Await; private entry Await when Eventis | | Synchro.Fire
- Event: Boolean:=Fd<=; b;g'nt - z
: vent =Fals;
end Synchro; end Awat:
end Synchro;
<<Protected>>
M_Synchro_1

Event: Named State
Access_Policy=Immediate_Ceiling(28)

<<Composite>> Fire()

<<Simple>> Fire_Oper(wcet=1.5E-6)
<<Guarded> Await

<<Simple>> Await.Exec(wcet=1.2E-6)
<<Simple>> Await.GE(wcet=0.8E-6)

Il

<<Named_State>>
Event
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Ada constructs: synchronization model limitation

A genera protected object can not be modeled with
this approach, since:

m Guard conditions are arbitrary
m Regueues can create arbitrary dependencies

- We can model the most frequent synchronization
patterns in real-time applications, like:

m Onetask signals another one
m Broadcast: one task signals many
m Barrier: many tasks activate one
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Ada constructs. hardware interrupt ada code

task typ e HW _Intr_Task; protected typelintr Handler_Type is;
entry Await
task body HW _Intr_Task is private
The_Handler : Intr_Handler_Type; proc edure Handle;
rocedure Intr_Operation is pragma
egin Attach_Hander(Handle,Ada.Interrupts.names.xxx);
pragma Interupt_Priority(32);
end Intr_Operaion; Arrive d:Boolean=False;
begin end Intr_HandIer_Tglpe; _
loop protected type body Intr_Handler_Typeis
The_Handler. Avait; entry Await when Arrived is
Intr_Operation; begin
end loop; Arrived:=False;
end HW_Intr_Task; end Awalit;
procedure Handle is
begin
Arrived:=True;  --Reset HW Interupt controller
end Handle;

end Intr_Handler_Type;
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| Ada constructs. hardware interrupt model

M_Hﬁjﬁlﬁ?ask taskoly .Thread sysemT hred 1
<<obj>>The Handler:Intr_ Handler_Type
<<obj >> Policy=Fixel_Priority(The_Priority=30) ,
<<Compos te>> Handling Process
<<Simple>> Intr_Operation(w ca=2.4E-5)
@o/ The H andler.Hand@
!
[&o/ The Handler Awa t.Ga
Description of v
Hardling_Process [ob/ The Hand er.Await.Exe@
.
<<Protected >> (do/ Intr_Operation |<— |
Intr_Hander_Type |
<<obj>>Access Policy=Imediate_Ceiling(The_Priority=32)
<<Simple>> Handl gwcet=0.8E-6) \
<<Guarded>> Await Glo/ The_Hander.Await.Ga
<<Simple>> Await.Exec(wcet=1.8E-6) |
<<Simple>> Await.GE(w ce=1.2E-6)
-
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| Ada constructs. an APC remote invocation

<<RCI_Inteface>>
M_Remote_Write

ackageRemote Writeis :
P procged ure Write(D: in Data_Type); End_White: Timed State
pragma Ranate_Call_Interface; <<APC>> Write(iml=256, rc:APC_Parameters) 4 <<APC_Parameters>>
pragma A synchronous(Write); <<Simple>> Write.| nMarshalling(wcet=2.2E-5) A_Msg_Parameter
end Remote_Write; <<Simple>> Write.InUnmarshal ling(wcet=2.5E-5) InMesg_Priority = 18
<<Composite>> Write Server_Prionity = 22

(a) Ada code of aremote cdl interface (b) MAST modéd of the remotecall interface.

Cdler. Thread In Msg_1.Thread Remote Dispatcher RemoteMsg_1.Server
(from Locd_RT_ADA _Node) (from Network) (from Remote RT_ADA_Node) (from Remote RT_ADA _Node
®
v
CWri te.lnM arshall in@

!

(Wri teln M sg_l) 1
@ri telnUnMarshd Iin@

Write

[ End_Wkite

(c) Impliat activities diagram for APC Write.
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An Example Teleoperated Machine T ool

Controller
ControllerPartition
StationPartition 7 com ;;':dc':ﬂznage r
<<Main>> |- - i
Station_Program 7 <<Main>>
22 R IIESE P o CAN_B us \ Reporter
Interrupt_Sewer | <<Protected>> <Active>>
= L Servos_Data Servos_Controller
<<Active>> P e <<RCI> |
Job_Planner Remote_Satus Refresher | — :
Analog/Digitd Lines
M achine Tool
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Example: platform models

| AN
<<RT_Ada_Node>> <<RT_Ada_Node>> <<RT_Ada_Node>>
MAST_Station MAST_Controller MAST_Controller
Speed_Factor =0.3
<<Ticker>> Max_Priority =30
Controller. Timer Min_Priority = 1
Worst Overhead = 7.1E-6 Max_lInterrupt_Priority = 31
<<ADA_Channel>> Period = 1.0E-3 Mm_lnterrupt_Pnor'lty =31
pp_Channel Worst_Context_Switch = 5.0E-6
Avg_Context_Switch = 5.0E-6
Best_Context_Switch = 5.0E-6
<<FP_Sched_Server>> Worst_ISR_Switch = 2.5E-6
Controller. Dispatcher Avg_ISR_Switch = 2.5E-6
The_Policy = Interrupt_FP_Policy (The_Priority=30) Best_ISR_Switch = 2 .5E-6
<<Fixed_Priority_Network>>
CAN_Bus
<<Packet_Driver>>
Station_Driver
Packet_Thread : Station.Comm_Thread
<<Simple>> Packet_Send(wcet = 8.5E-6, acet = 8.5E-6, bcet = 8.5E-6)
<<Simple>> Packet_Receive(wcet = 7.0E-6, acet = 7.0E-6, bcet = 7.0E-6)
<<Fixed_Priority_Network>> /
CANL D <<FP_Sched_Server>> <<RT_Ada_Node>>
Speed_Factor = 1.0 Station.Comm_Thread | MAST_Station
Transmission = Half_Duplex ] —_ -
i The_Policy = Interru pt_FP_Priority(The_Priority=31
Max_Priority = 2047 - 4 pLFP_ y(The_ vy )
Min_Priority = 16
Packet_Worst_Overhead = 47.0E-6
— — <<FP_Sched_Server>>
Packet_Avg_Overhead = 47.0E6 Controller. Comm Thread | R
Packet_Best_Overhead = 47.0E-6 - : = — WSy Ci Lo
Max_Blocking_Time = 111.0E-6 The_Policy = Interrupt_FP_Priority(The_Priority=30)

Max_Packet_Transmision_Time = 64.0E-6 \\
Min_Packet_Transmission_Time = 64.0E-6 2

<<Packet_Driver>>
Controller_Driver

Packet_Thread : Controller.Comm_Thread

<<Simple>>Packet_Send(wcet = 8.5E-6, acet = 8.5E-6, bcet = 8.5E-6)
<<Simple>>Packet_Receive(wcet = 7.0E-6, acet = 7.0E-6, bcet = 7.0E-6)
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Example: logical components model

<<Component_Descr>>
M_Servos Controller
<<obj>> - The Controller : M_Updae_Task
Servos_Controller <<ref>> - The Target_Positions: MAST_Target_Pos_Queue
- The_Controller : Update Task

<<Simple>> - Read_Sensorg(wcet = 2.4E-5)

- Read_Sensors() : Status <<Simple>> - Process(wcet = 5.0E-4)
- Procesg(Status, Target_Pos) : Data <<Simple>> - Do_Control (wcet = 1.0E-5)
- Do_Control (Data) : N
| <<Task>>
M_Update Task
N - The Policy : Fixed_Priority (The_Priority = 24)
The Target Postions Ugdate—TaSk
- Period : Time_Span <<Composite>> - Update_Servos
Target_Pos Queue || the priority : Priority
. <<Protected>>
+Next_Target_Pos():Target_Pos |- Update_Servos() M_Target Pos Queue
<<Simple>> + Next_Target Pos(wcet=4.0E-6)
(a)Logical model of the control pattern. (b)MAST red-time model of the control pattern.

Vienna, June-2002 Ada-Europe 2002 +



Example: model of a transaction

<<Reguar_Tmnsaction> | ~ <<Periodic_Extemal Event>>
Control Servos New_Control_Servos
- Trigger = New_Control_Servos Period = 5.0E-3

- Activity = Periodic_Control_Servos
- Final_Deadline = End_Contwol_Servos |- =

<< Transaction_Activ ity>>
Periodic _Control_Servos

<<Compon%\1t_l nstance>>

Activity=A .The_Controller.C ontrol_Servos

<<Component_| nstance>> .
Type= M_Servos_Controller| . B == Hé‘;g—glgr?t?éﬁ D;::/"onse>>
Host =Proc_1 Type= M_Target Pos Queue — =
The_Taget_Posl tions= B Host = Proc_l Deadline = 5.0E-3

a) Declaration of theControl _Servaostransaction.

<<Peiodic_Externa Event>> A.The_Controller. Thread ™

New_Control_Servos e
Do/ Lock
[Do/ AR eaj_Sensors]
A ) v > [Do/ Next_Targ et_Po}
630/ B Next_Target Pos
‘ A.The Contrdller.Upda e Servos ‘
Do/ A Process Do/ Unloak

Y ®
Next_Target_Paos
‘ End_Control_Servos < Do/ A.Do_Control > operati on description
5 Update Servos
Control_Ser vostransaction description operation description

b) D escription of the Control_Serv os transaction and autamatic recursive use
of logical component modéls.
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Example: schedulability analysisresults

Transacti on/Event Slack Worst response Deadline
Control Servos Process 19.53%

End_Control Servos 3.833ms 5ms
Report Process 254.69%

Display Refresned 34.156ms 100 ms

Drive Job Process 28.13%

Command_Programmed 177.528ms 1000 ms
Do Halt Process 25.00%

Halted 4.553ms 5ms
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Conclusions

- Advantages:

m The methodology automates the application of well-known
schedulability analysis techniques to distributed real-time
systems written with Ada.

m The methodology includes reusable real-time models of Ada
components and patterns.

m The designer is relieved of modeling de low-level artifacts
Introduced by Ada (context switches, background drivers,
timers, remote invocations, &tc.)

« Limitation;

m Structures implemented with entries and guard conditions
require a particular model for each usage pattern.
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Complementary information about MAST

MAST isfree code:

http://mast.unican.es
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