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Global technology challenges:

 Complexity: over a critical treshold.
− Traditional, heuristic development? 

− Quality and safety certification: best effort processes.
● Only indirect guarantees for product quality/safety

 Low level of automation and productivity.
− Huge expert effort.

− Qualified staff: bottleneck.

− Long development times.

 Low level of reusability.

 Cultural divergence : branches of the ES industry:
− Separation of application domains.

− Production volumes below the optimal.

− Education/training: global education is insufficient, 

− Domain standards: 
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ES paradigm shift

Traditional Industrialized
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INDUSTRIAL PRODUCTION 

NEEDS A PROCESS
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ICONIX
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Storyboard
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A sample process model
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STARTING POINT FOR MDA

FORMALIZED CONCEPTS

Model based thinking is the fundamental approach in engineering

Good engineering needs multi-aspect thinking and modeling

Modeling is the basis for formal methods

OMG promised a silver bullet with UML, 

today we know, that it is not

Design and analysis need clear concepts

Standards demand for formal methods

(IEC 61508, CENELEC, ISO 26262,DO-178C)

BUT: What does it mean „fail silent”?

ch nn  |  

Institut nn  

|  Prof. nn  

|  9



Budapest University of Technology and Economics

Fault-tolerant Systems Research Group FORMS/FORMAT 2010    

From ontologies to metamodels
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H. Knublauch:

Ontology Design and Software 

Technology, Colloquium -

Stanford Medical Informatics, 

2003
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Ontology

Ontologies generally describe:

 Individuals:
basic objects

 Classes:
sets, collections, or types of objects

 Attributes:
properties, features… that objects can 
have and share

 Relations: ways that objects can be related

Reasoning : 

Concept space traversal

 subsumption test wrt. different 

profiles

 consistency check: 

satisfiability

 circular containment of classes

A data model that

 represents a domain and 

 Has a logic in the background

 is used to reason about 

 the objects in that domain and 

 the relations between them.
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Example: part of the security ontology

A. Herzog et al:

An Ontology of Information 

Security

Int. J. of Inf. Security and 

Privacy (1), 4
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ISO 24707:2007 Common logic 

Information technology — Common Logic (CL): a 

framework for a family of logic-based languages

 Framework for a family of logic languages, 

− based on first-order logic, 

− Exchange of knowledge in IT systems.

 Supports different syntactic forms (dialects). 

− syntactic CL conformance of dialect -> 

CL semantics for free

− all CL dialects are equivalent 

mechanical translation
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V&V: use of reasoners

 Metamodel level

− consistency check: inconsistent class (satisfiability check)
● no instances satisfying  the class descriptions 

(e.g. multiplicity conflict)

− subsumption test: e.g. redundant concepts

− cycle detection: loop in the concept hierarchy 

− uniqueness: e.g. redundant concepts

 Model level

− Consistency check
● checks the conformance of the model to the metamodel 

● consistency of the instance model w.r.t. the metamodel ontology

− Property check
● Reduction of technical problems to satisfiability check

E.g. is there an instance violating security requirements?
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Ontology/metamodel design workflow

Catalog Glossary Thesaurus Informal

Formal
hierarchy

Formal
instance

Properties
Cardinality
and value
restrictions

ONTOLOGY Metamodel 

15



Budapest University of Technology and Economics

Fault-tolerant Systems Research Group FORMS/FORMAT 2010    

„Y-model” in MDE of Critical Systems

System Design 

Model

Architecture 

Design

Model

Component 

Design

Model

Refine

Refine

Design + V&V Artifacts 

(Source code, Glue code, Config. 

Tables, 

Test Cases, Monitors, Fault Trees, 

etc.)

Code 

Generation

Test

Generation

Component 

V&V

Model

Architecture 

V&V

Model

System V&V 

Model

Model generation

Back-Annotation

Model generation

Back-Annotation

Model generation
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Sensitivity analysis: Req understanding
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Cost impact estimation

# of System 
Requirements Easy Nom. Diff.

# New 0,5 1,0 5,0

# Design For Reuse 0,7 1,4 6,9

# Modified 0,3 0,7 3,3

# Deleted 0,3 0,5 2,6

# Adopted 0,2 0,4 2,2

# Managed 0,1 0,2 0,8

1. Quality and stability
Modification: ~ 70% !

2. Requirement set
complexity reduction

 4 similar problems

 Separate solution: 
4 × 𝑁𝑒𝑤 = 𝟒𝟎𝟎%

 Global solution:
1 × 𝑅𝑒𝑢𝑠𝑒 + 4 × 𝐴𝑑𝑜𝑝𝑡
= 𝟑𝟏𝟎%

 DECOMPOSITION
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Proportion of faulty artefacts: Project 1

DASIA 2016, Tallinn 20
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Project 1

Lot of (mostly major) faults 

vs. specification

Correctness and completeness faults: 

almost eliminated

Consistency of the code got worse! Readability did not improve….



Fundamental differences in the 

trends of faulty artefacts
Project1 Project2
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Requirements Interchange Format (ReqIF): Objective



Traceability



Requirements authoring tools vs. word processing

 Formatted text -> structured text

 Uniquely identified requirements

 Tree structure

 Association of attributes with 
requirements

 Relations between requirements



Concept



Use cases



Exchange Scenarios



Detailed exchange workflow



Budapest University of Technology and Economics

Fault-tolerant Systems Research Group FORMS/FORMAT 2010    

REQIF STUDIO DEMO

https://reqif.academy/
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REQIF metamodel



Exchange Document Structure



Exchange Document Content



Unique identification of Elements



Specifications, Requirements, and Attributes



AttributeDefinition class hierarchy



Hierarchy of Requirements and Req. Relations



DatatypeDefinition class hierarchy



Editor



Graph representation 



Reference to
the Structure

Model



Eclipse ProR

 http://www.eclipse.org/rmf/pror/

http://www.eclipse.org/rmf/pror/


Traceability view



A professional and expensive tool…
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