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Motivation

I'll design the 
control circuits!
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Motivation

I'll design the 
control circuits! I'll perform N-Body 

simulation!
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Motivation

I'll design the 
control circuits! I'll perform N-Body 

simulation!

I'll design the 
software 

architecture!
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Motivation

I'll design the 
control circuits! I'll perform N-Body 

simulation!

I'll design the 
software 

architecture!
I'll do the safety 

engineering!
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Motivation

SimuLink
Models

N-Body Simulation 
Models

Mechatronic UML
Models

UML Models
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Motivation
Model Synchronization

Consens
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Motivation
Model Synchronization
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Development Process
Overview

Model Creation and Transformation

Consistency and Feasibility Check

[else][feasible]

Domain SpeciÞc 
TasksCheck Feasibility Synchronization

Initial 
Transformation

Design Consens 
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Design TGG 
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Development Process
BeBot Model

GPS
Communication

Sensor
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Development Process
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Development Process
Abstract Syntax Editor
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Development Process
Concrete Syntax Editor
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Development Process
Initial Transformation
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Development Process
Correspondence View
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Development Process
Correspondence View
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Development Process
Example: Domain Speci�c Tasks
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Model Creation and Transformation
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Hazard Analysis
Motivation
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Hazard Analysis
Motivation

GPS
Communication

Sensor
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Hazard Analysis
Result of a Hazard Analysis

:Sensor1

:GPS:Converter1

:Communication
Module

Communication
Module

F

&

F F

Converter1
F

F

GPS
F

E

Sensor1
F

E

P(E) = 0.5

P(E) = 0.2

P(Hazard) = 0.1

Hazard probability 
too high!
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Hazard Analysis
Idea 1

:Sensor1

:Converter1

:Communication
Module

:Sensor2

Remove connector ...

... and connect new component?
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Hazard Analysis
Idea 1

:Sensor1

:Converter1

:Communication
Module

:Sensor2

Safety improved?
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Hazard Analysis
Idea 2

:Sensor1

:Converter1

:Communication
Module

:Sensor2

Remove connector ...
:Converter2

... and connect 2 new components?
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Hazard Analysis
Idea 2

:Sensor1

:Converter1

:Communication
Module

:Sensor2

:Converter2
Safety improved?
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Hazard Analysis
Time

:Sensor1

:Converter1

:Communication
Module

:Sensor2

:Converter2

What about time? 

:Sensor1

:Converter1

:Communication
Module

:Sensor2

Ç destroy È Ç create È

Ç destroy È Ç create È

3 time units

3 time units

Idea 1 Idea 2
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Timed Hazard Analysis
General Process (Simpli�ed)

Modeling Phase

Specify Timed 
Failure Propagation

Specify Hazard
Specify 

ReconÞguration

Timed Hazard 
Analysis

[Hazard Probability low]
[Hazard Probability high]

Modify Component 
Instance 

ConÞguration

F

&

F F

[1, 1] [1, 1]

[1, 1]
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Timed Hazard Analysis
Specify Timed Failure Propagation Graph
(TFPG)

:Sensor1

:Converter1

:Communication
Module

Communication
Module

F

&

F

F

Converter1
F

F

Sensor1
F

E

...

Specify TFPG

[1, 1]

[1, 1]

[2, 2]

[1, 1]

[1, 1]

[1, 1]

[1, 1]

[1, 1]
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Timed Hazard Analysis
Specify Timed Failure Propagation Graph
(TFPG)
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Timed Hazard Analysis
Specify Timed Failure Propagation Graph
(TFPG)
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Timed Hazard Analysis
Specify Hazard

Modeling Phase

Specify Timed 
Failure Propagation

Specify Hazard
Specify 

ReconÞguration

Timed Hazard 
Analysis

[Hazard Probability low]
[Hazard Probability high]

Modify Component 
Instance 

ConÞguration

F

&

F F

[1, 1] [1, 1]

[1, 1]
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Timed Hazard Analysis
Specify Hazard

:Communication
Module

Communication hazard <=> failure on this port

Specify Hazard
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Timed Hazard Analysis
Modify Component Instance Con�guration

Modeling Phase

Specify Timed 
Failure Propagation

Specify Hazard
Specify 

ReconÞguration

Timed Hazard 
Analysis

[Hazard Probability low]
[Hazard Probability high]

Modify Component 
Instance 

ConÞguration

F

&

F F

[1, 1] [1, 1]

[1, 1]
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Timed Hazard Analysis
Modify Component Instance Con�guration

:Sensor1

:Converter1

:Communication
Module

:Sensor2

:Converter2

Add redundancy
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Timed Hazard Analysis
Specify Recon�guration

Modeling Phase

Specify Timed 
Failure Propagation

Specify Hazard
Specify 

ReconÞguration

Timed Hazard 
Analysis

[Hazard Probability low]
[Hazard Probability high]

Modify Component 
Instance 

ConÞguration

F

&

F F

[1, 1] [1, 1]

[1, 1]
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Timed Hazard Analysis
Specify Recon�guration

:Sensor1

:Converter1

:Communication
Module

:Sensor2

:Converter2

Ç destroy È Ç create È

3 time units

Specify 
ReconÞguration

MDSD in Teaching - Anas Anis, Sebastian Goschin, Sebastian Lehrig, Christian Stritzke, Thomas Zolynski July 2 2012 34



Timed Hazard Analysis
Algorithm

Modeling Phase

Specify Timed 
Failure Propagation

Specify Hazard
Specify 

ReconÞguration

Timed Hazard 
Analysis

[Hazard Probability low]
[Hazard Probability high]

Modify Component 
Instance 

ConÞguration

F

&

F F

[1, 1] [1, 1]

[1, 1]
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Timed Hazard Analysis
Algorithm

:Sensor1

:Converter1

:Communication
Module

:Sensor2

:Converter2

:Sensor1

:Converter1

:Communication
Module

:Sensor2

Ç destroy È Ç create È

Ç destroy È Ç create È

3 time units

3 time units

Idea 1: Idea 2:
No failure propagation

over connector
(within 3 time units)

Failure propagation
over connector

(within 3 time units)

Timed Hazard Analysis
results
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Live Demo
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Conclusion

Model Creation and Transformation

Consistency and Feasibility Check

[else][feasible]

Domain SpeciÞc 
TasksCheck Feasibility Synchronization

Initial 
Transformation

Design Consens 
Model

Design TGG 
Rules
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Conclusion

Model Creation and Transformation
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[else][feasible]

Domain SpeciÞc 
TasksCheck Feasibility Synchronization

Initial 
Transformation

Design Consens 
Model

Design TGG 
Rules

Design TGG 
Rules

Concrete Syntax TGG Editor

Consens2MUML

Rule Set

Initial 
Transformation

Correspondence View
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Correspondence View
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Conclusion
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Conclusion

Modeling Phase

Specify Timed 
Failure Propagation

Specify Hazard
Specify 

ReconÞguration

Timed Hazard 
Analysis

[Hazard Probability low]
[Hazard Probability high]

Modify Component 
Instance 

ConÞguration

F

&

F F

[1, 1] [1, 1]

[1, 1]

Specify Timed 
Failure Propagation

F

&

F F

[1, 1] [1, 1]

[1, 1]

TFPG Metamodel & Editor Timed Hazard 
Analysis

Complete Algorithm
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Thanks for your attention
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Timed Hazard Analysis
General Process (Simpli�ed)

Modeling Phase

Specify Timed 
Failure Propagation

Specify Hazard
Specify 

ReconÞguration
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