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Real-Time Embedded Systems

» Problems » Solutions
> IncreasingSystem - Component-Based
Complexity Development

- Behavior Models
- Un-Intuitive
- Non-Reusable
- Un-maintainable

- Behavior Models
- Abstract design models
- Modeling Patterns

- Lack of Predictability

> Formal translation
- Timed automata

- Lack of Continuous
Development
- Design< Analysis

> Tool Environment
- SavelDE, Uppaal-PORT
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Case Study: Industrial Real-Time
Turntable System

» Rotary disc

» Processing Slots

- Loader, Driller, Tester,
Unloader

» Handling Tools

> Driller, Clamps, Tester

» Workflows
- Load—Drill-Test—UnLoad
> Load—(Drill-Test)*—~UnLoad
> Concurrent

» Functional Requirements

- Safety, Liveness
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Case Study: Requirements

» Safety Properties
- Absence of deadlock

- When turntable is rotating
no other component is
executing

(e}

» Liveness Properties
> System progress, i.e.
turntable continuously
moves between Idle and
executing states

- Each component progresses

o
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Outline

(@)

o

» SAVE: Component-based Framework
» Turntable Design Model

» Component Modeling Patterns

» Results

» Conclusions
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SAVE: Component-Based Framework

» SaveCCM component model

- Component-based modeling of
embedded systems

> Graphical syntax, Formal semantics

» Component interface Savecem e
> Trigger port - activation and transfer of
control 2= 0
. y<T
- Data port - input/output data b© =L W@ z<Max
» SavelDE tool environment HQY <] 22 Min
- Architectural modeling o O
- Behavioral modeling in Timed T (b)
Automata
> Formal verification by Uppaal-PORT (&) Timed Automata specifiation
. UpCFaaI for components and partial itter J
order reduction technique (5) A computation updating a data

variable a between Min and
Max time units
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SavelDE environment:
odeling and Verification
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Turntable Design overview

» One component per controllable "device”

» Components interface with the environment
and with each other

1
<<Clock>> Environment
(Uppaal )

Environment < Environment
(Uppaal) < <<SaveComp>> <<SaveComp>> <<SaveComp>> > (Uppaal)

Loader L1 common [ | Turntable L1 _cCommon [ | unloader
Intepface Interface

_<|:]
| C

[

<<SaveComp>> <<SaveComp>>

Driller L1 common [ | L1 common [ | Tester
Interface Interface

Environment > Environment i
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Implementation:

void evaluate()

{

if{@mode::S_READE? {
i i slotresult=%$slotstatus;

if ($slotstatus==SL_DRILLED) {
$finished=false;
mode=S_MOVING_DOWN; ticks=0; }
Ise {
$finished=true;
mode=S_READY; }

else ifl (mode==S_MOVING_DOWN) {

ticks++;

ticks<=2) {

if ($sensorDown) {
$slotresult=SL_TESTGOOD;
mode=S_MOVING_UP;}

}

else

{ $slotresult=SL_TESTBAD,;
mode=S_MOVING_UP; }

else if l\(/nodezzs_MOVINé_UP) {

if ($sensorTop) { $finished=true;
mode=S_READY; }

Tester

» Typical component

» Characteritics

o Switch:
- If...else if... else if...

* Runs until false if-
statement

> State encoded in
variable "mode”

> Implicit timing
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Modeling Patterns

» Run-to-Completion (RTC) Pattern

» Execution in indivisible steps, without interruption
from any concurrent activity

- Example component A
behavior under RTC- ﬁ} @I—%
Pattern

1@ ense() oréi_,-«-";.;ﬂg, activaie() @3

> Equivalent Timed l

Automata behavior 0
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Modeling Patterns con.

» History Pattern

» Mechanism for remembering last executed state,
before exiting the current execution

R
- Example component B i -
behavior under @g) o= s =y

History Pattern

o E q u IV aI e nt TI m e d @kb:SEﬂEEI:h . ,@J? aati'.'ata-j].l-f-'.___'.-@
Automata behavior e e
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Modeling Patterns con.

» Execution-Time Pattern

» Specifying best and worst execution times of a
component

- Example component
behavior under
History Pattern

. ] % x==5 sense() \‘}G{’/;:HE activate() &
- Equivalent Timed T . “ 2
Automata behavior

start . exgce=1 delay

EXEC<=m
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Modeling Turntable Components
using patterns

» Modeling the behavior of Turntable component

1. Rotate disc & set ports of other components
2. Wait for other components to complete
3. Repeat above..

time € [1,1] R-T-C

rotateSlots();

A [sCompleted] startWork()
Turning =\Idle

[AliCompleted]

0 @ clear(); getResult()

Modeling Turntable component
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Modeling Turntable Components
using patterns

» Modeling the behavior of Loader component

When triggered, check the status of the slot
If a product is still present do nothing
Otherwise load a new product

Repeat above..

H W R

time € [1,1] R-T-C
tatus== EMPTY] aload=true; .
ﬂ, Check[s_taty [status ] aLoad=true >\Load|ng
0 [status!=EMPTY]
= finished=true; [sLoaded]
y result=Loaded; finished=true;
Finished <

<«

Modeling Loader component
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System Architecture

sLocked

sUnlocked

sDillDown

sDrilup

sCompleted

TrigOut

aRotate

<

aRotate
scompleted <<Component>>
Turntable [
Headers:
Trigln O—E = TrigOut
Trigin <<Component>: Input  SO_Status TA Models
Loader turntable S3_Status Input
—@ ' Output  SO_Result I Atrbuta
i
= BindPorts 53 Result  Output
Start S0_Start S53_Start Start
TA | Models L : ; L
oadder @ 4 —_
Attributes: Finished SO_Finished S53_Finished  Finished
BindPorts: L — 9
TrigOut TrigIn
. Input 51 Status 52_Status Input
Trigin <<Component>>
Driller
Headers: Qutput  S1_Result | 52_Result
Start S1_Start | 52_Start Start
TA Models: |
driller Finished S1_Finished | 52 _Finished  Finished
Attributes:
n T Tmm
BindParts: TiigOit |
— I —
sLocked aClamp aClamp
sTesterDown sTesterDown
O Tsuniocked— O] [ 1-C apvioriafr [HC  aiitonort
sbriliDown | abriiMoveDown aDrilMoveDown sTestellp sTesterlp
soniup | abrlivioveUp aDrilMovelp
e —
dtStatus
drstart
ditResult
dtFinished

<<Component>>
Unloader
Headers:

I TA | Models
unloader

Attributes:

€ BindParts:

<<Component>>
Tester

Headers:

‘ TA Models:

Outpiitster
Attributes:
BindPorts:

TrigOut
4

+C

aTesterMoveDown aTesterMoveDown

aTesterMovellp

0-c

aTesterMovelp

*FESCA @ ETAPS 2009, York, UK

+2009-04-08



Model Checking Results

» A[] not deadlock

- A safety property, verifying absence of deadlock
situations

» A[] Turntable.Turning = (Loader.ReadyA
Tester .ReadyAUnloader .ReadyADriller.Ready)

- A safety property, stating that when the Turntable
component 1Is executing, no other components are executing

» Loader .Ready --> Loader.Finished

- A progress (liveness) property, that verifies that Loader
always progresses

» A<> Turntable.Turning
Turntable.Turning--> Turntable.ldle,

Turntable.ldle --> Turntable.Turning

he above properties establishes that the Turntable always
OUTeRSES
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Model

checking Results contd..

» 32 properties were specified

» Verifiec
2.16GH

on a PCw/ Intel T2600 CPU @
Z (2GB RAM)

» Most optimization options switched off
» Under 45 seconds to verify all properties
» Less than 18MB used by the verifyer
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Conclusion

» Modeling and analysis of real-time embedded
systems

» Abstract design models and Behavior
Modeling patterns
> Run-to-completion
> History
o Execution-time

» Formal verification of functional requirements
- A set of safety, liveness properties

» Future work

- Extension of pattern-framework

Component based behavioral modeling language
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Thank you.

Questions?
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