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Topics

! A flash of schedulability analysis. 

! RT Modeling constructs in MAST.

! Mapping.

! Structural and behavioral modeling elements in MARTE.
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Options for managing time

! Compile-time schedules:
! Known as cyclic executives
! Predictability through static schedule
! Logical integrity often compromised by timing structure
! Difficult to maintain, even with model based strategies

! Run-time schedules:
! Priority-based schedulers
! Preemptive or non preemptive
! Fixed priority or dynamic priority (deadline based i.e.)
! Analytical methods needed for predictability
! Separates logical structure from timing

! Server-based frameworks:
! Combine static or dynamic schedules with budgets and periods 

enforced at run-time

" RMA
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A simple example

Tasks

Critical sections
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Basic Principles of RMA

! Two concepts help to build the worst-case condition:

! Critical instant. The worst-case response time for all tasks in the 
task set is obtained when all tasks are activated at the same time

! Checking the first deadline. When all tasks are activated at the
same time, if a task meets its first deadline, it will always meet all 
of its deadlines

! Based on these concepts, several results arise:

! Optimality of rate monotonic priorities
! Utilization bound test
! Exact test
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Critical instant
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Utilization and Response Time tests

! Utilization Bound(UB) Test: A set of n independent periodic 
tasks, with deadlines at the end of the periods, scheduled by 
the rate monotonic algorithm will always meet its deadlines, 
for all task phasings, if: U <= U(n) = n(21/n - 1)

! Completion time test:
! For a number the tasks according to priority (highest priority=t1, 

lowest priority=tn)
! Under a critical instant condition, the amount of work Wi(t) of 

tasks at priority Pi or higher started before t is
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Response time evaluation

! Ri may be computed by the following iterative formula:

! The iteration ends when:

! Task ti is schedulable if:
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Effects of jitter

! Periodic events with jitter have an arrival time which may be 
early or late, within a bounded interval:
! events arrive at       to + nT +/- J

! Jitter may have a delay effect on lower priority tasks

Execution sequence for 
two periodic tasks. 

Execution sequence
with jitter.

Worst case is one preemption Worst case is two preemptions

t

High pri.

Low pri.

t
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More general approach

Real-Time System

R

R R

#Scenario(instance) based, distributed, control-flow dependencies
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Distributed System
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Distributed system model

Network CPU-2CPU-1

Linear Action:

Linear Response to an Event:

aj

ej-1,j ej,j+1
Tj-1,j = Tj = Tj,j+1

a1

e1
a2

e1,2
a3

e2,3

d2
D2

ED3

Action

e1 External
event

e1 Internal
event
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Jitter in distributed systems

! Jitter in one processing resource depends on the response 
times in other processing resources

! Response times depend on jitters

CPU-1

Network

CPU-2

a1
a5

a3

a8

a4 a7

a6

a2

a1
a5

a3

a8

a4 a7

a6

a2
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Transactions

External

Event

(Action) Precedence
Relationship

Step Step
Fork

Timing
Requirement

Precedence

Relationship

(Multicast)
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Transactions

Step

Timing
Requirement

Usage

Shared
Resources

Schedulable
Resource

Processing
Resources

Scheduling
Parameters

Event Event

Event

Reference
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Processing schema for model-based analysis

Analysis specific
framework

UML2 + Marte

UML2 editor

Annotated model

« profile »

MARTE

Results/Diagnostic
Analysis results

Analysis tool

Analysis modelModel
converter

Results
converter
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Concepts in MAST 

UML_MAST
<<domain_model>>

(from Logical View)

RT_Platform RT_Logical

RT_Situations
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Processors and threads

Reporter_SP

The_Priority = 24

<<Fixed_Priority_Policy>>

Command_Manager_SP
The_Priority = 16

<<Fixed_Priority_Policy>>

Controller_Comm_SP
The_Priority = 31

<<Interrupt_FP_Policy>>

Servos_Controller_SP
The_Priority = 30

<<Fixed_Priority_Policy>>

Controller_Timer
Worst_Overhead = 7.1E-6
Avg_Overhead = 7.1E-6
Best_Overhead = 7.1E-6
Period = 1.0E-3

<<Ticker>>

Reporter_Task
<<FP_Sched_Server>>

Command_Manager_Task
<<FP_Sched_Server>>

Controller_Comm_Task
<<FP_Sched_Server>>

Servos_Controller_Task
<<FP_Sched_Server>>

Controller
Speed_Factor = 0.25
Max_Priority = 30
Min_Priority = 1
Max_Interrupt_Priority = 31
Min_Interrupt_Priority = 31
Worst_Context_Switch = 5.0E-6
Avg_Context_Switch = 5.0E-6
Best_Context_Switch = 5.0E-6
Worst_ISR_Switch = 2.5E-6
Avg_ISR_Switch = 2.5E-6
Best_ISR_Switch = 2.5E-6

<<Fixed_Priority_Processor>>
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Networks

Packet_Receive

Standard ISO11519

125Kbit/s

Msj_Command_SP

The_Priority = 20

<<Fixed_Priority_Policy>>

Msj_Status_SP

The_Priority = 24

<<Fixed_Priority_Policy>>

Controller_Comm_Task
<<FP_Sched_Server>>

Msj_Command_Server
<<FP_Sched_Server>>

Msj_Status_Server
<<FP_Sched_Server>>

Controller_Driver
<<Packet_Driver>>

Station_Comm_Task
<<FP_Sched_Server>>

Can_Bus

Speed_Factor = 1.0
Transmission = Half_Duplex
Max_Priority = 2047
Min_Priority = 16
Packet_Worst_Overhead = 37.6E-5
Packet_Avg_Overhead = 37.6E-5
Packet_Best_Overhead = 37.6E-5
Max_Blocking_Time = 888.0E-6
Max_Packet_Transmission_Time = 51.2E-5
Min_Packet_Transmission_Time = 51.2E-5

<<Fixed_Priority_Network>>

Receive_Oper

WCET = 7.0E-6
ACET = 7.0E-6
BCET = 7.0E-6

<<Simple_Operation>>
Send_Oper

WCET = 8.5E-6
ACET = 8.5E-6
BCET = 8.5E-6

<<Simple_Operation>>

Packet_Send

Station_Driver
<<Packet_Driver>>

Packet_Receive

Packet_Send
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Operations
Grabber

Capture_Image

<<Job>>
MAST_Capture_Image

Captured: Timed_State

MAST_Nop

WCET= 0.0
ACET= 0.0
BCET= 0.0

<<Simple_Operation>>
Process_Frame

WCET= 13.8E-5
ACET= 13.5E-5
BCET= 13.5E-5

<<Simple_Operation>>

<<Simple_Operation>>

Wait_For_Frame

WCET= 26.68E-5
BCET= 15.55E-5

<<Simple_Operation>>
Transfer_Semi_Frame

WCET= 18.0E-3
ACET= 18.0E-3
BCET= 18.0E-3

Act_1
do/Wait_For_Frame

Act_2

do/TransferSemiFrame
Act_3

do/MAST_NOP

do/delay(d=0.73E-3)

Act_7
do/ProcessFrame

<<Delay>>
Delay_1

<<Delay>>
Delay_2

do/delay(d=1.62E-3)

<<Timed_State>>
Captured

Act_5

do/TransferSemiFrame

Act_4
do/ProcessFrame

<<Delay>>
Delay_3

do/delay(d=0.73E-3)

<<Delay>>
Delay_4

do/delay(d=1.62E-3)

Act_6
do/MAST_NOP

Attend_Fr_SS DMA_Bus_SS Hard_Process_SS

MAST RT View
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Transactions

Tick_Command
<<Wait_State>>

Activity_1

do/ Attend_Event
Activity_2

do/ Transfer_Command

Activity_3

do/ Manage

Command_Processed
<<Timed_State>>

Command_Interpreter_Task Command_Manager_TaskMsj_Command_Server

Execute_Command
<<Regular_Transaction>>

Command_Processed

Deadline = 1.0

<<Hard_Global_Deadline>>

Tick_Command

Min_Interarrival = 1.0

<<Sporadic_Event_Source>>
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Mapping to MAST

! Platform:
! Processor " SaExecHost
! Network " SaCommHost
! Drivers " AnalisisContext w/EndtoEndFlows
! Shared_Resources " SaSharedResource

! Logical components:
! Operation " SaStep (GaStep, ResourceUsage)
! Job " GaScenario

! RT Situations:
! Transactions " SaEndToEndFlow
! TimingRequirement " SaSchedObs, GaLatencyObs
! ExternalEvent " GaWorkloadEvent
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SAM in MARTE
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Resources
Domain
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UML
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Domain model for Schedulable resources
Domain
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Shared resources
Domain
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Extensions for scheduling
« profile »

GRM

schedparams: SchedParameters[0..*]
isActive:Boolean=true{IsReadOnly}

« stereotype »
SchedulableResource

protectKind: ProtectProtocolKind=PriorityInheritance
ceiling: Integer
otherProtectProtocol: String
isProtected:Boolean=true{IsReadOnly}

« stereotype »
MutualExclusionResource

isPreemptible: Boolean = true
schedPolicy: SchedPolicyKind = FixedPriority
otherSchedPolicy: String
schedule: OpaqueExpression

« stereotype »
Scheduler

« stereotype »
ProcessingResource

« stereotype »
SecondaryScheduler

schedulabledResources

host

0..1

0..*

dependentScheduler virtualProcessingUnits0..*0..1

host 0..1
processingUnits 0..*

mainScheduler 0..1
*

scheduler

0..1

protectedSharedResources

« stereotype »
ComputingResource

UML
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Resource Usage
Domain
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« profile »
GRM

execTime: NFP_Duration {ordered} [*]
msgSize: NFP_DataSize {ordered} [*]
allocatedMemory: NFP_DataSize {ordered} [*]
usedMemory: NFP_DataSize {ordered} [*]
powerPeak:NFP_Power {ordered} [*]
energy:NFP_Energy {ordered} [*]

« stereotype»
ResourceUsage

« stereotype»
Resource

{ordered}
usedResouces

*

« metaclass »
UML::Classes::Kernel::NamedElement

*

subUsages

1. If the list usedResources is empty the list subUsages should not be empty and viceversa.
2. If the list usedResources has only one element, all the optional lists of attributes refer to this unique 

Resource and at least one of them must be present.
3. If the list usedResources has more than one element, all of the optional lists of attributes that are 

present, must have that number of elements, and they will be considered to match one to one.
4. If the list subUsages is not empty, and any of the optional lists of attributes is present, then more 

than one annotation for the same resource and kind of usage may be expressed. In this case, if the 
annotations have also the same source and statistical qualifiers they will be considered in conflict, 
and hence the ResourceUsage inconsistent.

UML
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Structure of SAM
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Domain
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SAM_Workload: End-to-endFlow
Domain
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SAM_Workload: BehaviorScenario
Domain
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SAM_Observers
Domain
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Resources in SAM (domain model)
Domain
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Resources in SAM (profile)
UML
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Example
ClassesView_TeleoperatedRobot

read (): Data
write (D: Data)

data: Integer [*]

« ppUnit »
DisplayData

updateDisplay ()
updateGraphics ()

« rtUnit »
DisplayRefresher

displayData

processEvent ()
planTrajectory ()

« rtUnit »
CommandInterpreter

displayData

sendCommand (C: Command)
awaitStatus (): Status

StationCommunication

sendStatus (S: Status)
awaitCommand (): Command

ControllerCommunication

comm comm

report ()

« rtUnit »
Reporter

manage ()

« rtUnit »
CommandManager

comm comm

get (): Data
set (D: Data)

Data: Integer [*]

« ppUnit »
ServosData

controlServos ()
controlAlgorithms ()
doControl ()

« rtUnit »
ServosController

servosData
servosData

servosData

DeploymentView_TeleoperatedRobot

Station

Controller RobotArm

CAN_Bus

VME_Bus

User
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Real-time situation
User
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Platform « gaResourcesPlatform »
TeleoperatedRobot_Platform

« saExecHost »
: Controller

{ speedFactor= (1.0)
clockOvh= (7, us, meas)

cntxtSwT= (5,  us, meas)
ISRswitchT= (2.5, us, meas)

schedPrioRange= ([0..30], determ)

ISRPrioRange= ([31..31], determ) }

« saCommHost »
: CAN_Bus

{ transMode= Half-Duplex
speedFactor= ($prCAN)

blockT= (111, us, max, meas)

packetT= (64, us, calc) }

« saExecHost »
: Station

« saExecHost »
: RobotArm

« schedulableResource »
: CommandManager

{ fp (priority= 16) }

« scheduler »
: RTOS_Scheduler
{ schedPolicy= FixedPriority }

« schedulableResource »
: ServosControllerTask

{ fp (priority= 30) }

« schedulableResource »
: Reporter

{ fp (priority= 24) }

« schedulableResource »
: ControllerComm

{ fp (priority= 31) }

« schedulableResource »
: MsjStatus

{ fp (priority= 24) }

« schedulableResource »
: MsjCommand

{ fp (priority= 24) }

« schedulableResource »
: DisplayRefresherTask

{ fp (priority= 22) }

: VME_Bus

«allocate»

«allocate»

«allocate»

«allocate»

«allocate»

«allocate»

«allocate»

User
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A behavior scenario
User
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Parametric analysis contexts
User


