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Model Driven Engineering 

•  Model Driven Engineering (MDE) is a (software) 
development methodology focusing on creating and 
using (domain) models 
•  models are first class citizens 

•  Functional safety is the part of the overall safety of a 
system or piece of equipment that depends on the 
system or equipment operating correctly in response 
to its inputs, including the safe management of likely 
operator errors, hardware failures and environmental 
changes. 
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Background: standards 
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Recalls 

•  Audi is recalling about 850,000 cars worldwide for a 
software problem that could cause airbags to fail to 
operate properly 

•  National highway traffic safety administration has 
recalls defects information: 
http://www.nhtsa.gov/Vehicle+Safety/Recalls+&
+Defects 
•  November 4: 5,412 Infiniti hybrid vehicles from 2014. Recalled 

for a software error which may cause the electric motor to 
stop working. 

•  October 29: 132,223 Chrysler vehicles from 2014. Recalled for 
an issue with software that may disable the Electronic 
Stability Control. 
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Autonomous and connected cars 
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Background: certification 

Standards 
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Compliance argument 

Experts 



Background: OpenCOSS 
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Manufacturers Assessors 
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Challenge: cross-domain framework 
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Goals of OpenCOSS 

• 
• 

• 
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Generic vs Specific Meta Model 

•  GMM ------ for all those three domains, designed for 
certification data reuse 

•  Why a Specific Meta Model 
•  Different ways of addressing safety: 
−  per domain 
−  per company 
−  per project 

•  For each domain, user need to change their current way of 
working to conform to GMM. Although it is good for reuse, 
but for other part, the costs may increase. 
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Standards 

•  Most important requirement in automotive: 
•  A vehicle should not harm its passengers or (people in) its 

environment 

•  Safety related standards for automotive: 
•  IEC 61508 (Functional Safety standard) 
•  ISO 26262 (Functional Safety standard) 
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Developing a Safety Case 

Huge amount of 
data, relations to 
overall picture are 
hard to understand 



Standards 

•  ISO 26262 is the adaptation of IEC 61508 to comply 
with needs specific to the application sector of E/E 
systems within road vehicles:  
•  Provides an automotive safety lifecycle (management, 

development, production, operation, service, 
decommissioning) and supports tailoring the necessary 
activities during these lifecycle phases.  

•  Provides an automotive-specific risk-based approach for 
determining risk classes (Automotive Safety Integrity Levels, 
ASILs).  
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Standards 
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Approach 
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Overview of ISO 26262 



Look from 3 different views 
   —relationships between standard and project 
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Safety Standard 

Product Process 
Has output 

Standard level 
Project level 



Modeling for safety reuse 
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Model driven approach 

•  Result is an ad-hoc mapping from Generic Meta 
Model (GMM) to Specific Meta Model (SMM) 
•  Manual work 
•  Error prone 
•  Hardly any traceability 

•  Alternative approach based on meta model 
transformations 
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Meta model Transformation 

Generic MM 

DSL containing Domain 
Concepts 
(External Element etc.) 
expressed in MMRL 
 

use 

Operators 
----MM Refine Language 

 

Specific Model Editor 

      (Epsilon & Eugenia) 

(EMFText) 

Meta model Transformation 

Specific MM  



Model driven approach 

•  Why MMRL & MMT? 
•  Using modeling techniques to reduce those extra cost 

introduced by GMM. 
•  Recorded traceability. 
•  Provide a user friendly language. 
•  A editor based on SMM could be generated automatically. 
−  User can keep their current way of working. 
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Reuse via Model Transformations 

Generic MM 
CompanyX Project 
MM for fuel cars 

Update GMM: 
Concepts from ISO26262 

Specialize ISO MM: 
Concepts from 

CompanyX 

use use 

ISO26262 MM 

CompanyX Project 
MM for electrical cars 



Sequences of transformations 
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Meta Model Refinement Language 

•  MMRL operations: 
•  Structural 
−  AddPackage, AddClass, AddAttribute, AddDataType and 

AddReference 
•  Annotation 
−  ReplaceAnnotation and AddAnnotation 

•  Enumeration 
−  AddEnum and AddEnumLiteral 

•  Modification 
−  Abstract and RenameElement 
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MMRL Operations Definition 

•  Add annotation ------ for editing (Eugenia) 
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Case study: Common Certification Language 
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Case study-MM Refine Language (MMRL) 
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Add class; 
Add attribute; 

Add reference; 

Rename; 
Add attribute; 

Add Enum; 



Tool Support 
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Future work: 
Semantics of Business Vocabulary and Business Rules (SBVR) 
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Proposed Solution 

Build safety case with 
structured language. 

Language can be controlled: 
•  Restrict by using a concise 

vocabulary; 
•  Limiting the size of sentences; 
•  Reducing the complexity of 

sentences; 
•  Restrict the verbal syntax; such 

as use of smaller set of tenses; 
•  Etc. 



Conclusion 

•  A meta model transformation approach is proposed 
to facilitate safety assurance 

•  A meta model refinement language is defined and 
implemented. 

•  MMRL can support: 
•  comparative mapping between different conceptual models 
−  Potential support for safety case reuse 

•  Traceability management in the sequence of transformation 
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Propositions 

•  Mechanical engineers and electrical engineers are 
taking over software development 

•  Software engineers should not become domain 
experts 

•  Software engineers should be multi-disciplinary 
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