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The context 

 

• CBSE and the reuse of components 

 
 

• Heterogeneous systems  

   (Facets: data, functionality, time, security, quality, etc.) 

 
 

• Correctness of the heterogeneous systems: modeling  

 

 

 

 

2 

Model 
I Model 

J 

Model 
K 



Some issues 
• Components are from different languages and cover different 

facets. 
 The composition and verification are not simple, need to be "normalized". 

 

• Global properties are heterogeneous; need to be clearly 
expressed, integrated and analyzed.  

     Need for expressive language.    

 

• The composition of the components should preserve their local 
contracts. 
Respect for local requirements. 

 

• Global properties require heterogeneous formal analysis tools, 
which generates complexity. 
The need of tools. 

 

• Focus: top-down and practical method  
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Normalized components 

  
• A normalized component is a component  

equipped with a generalized contract,  
acting as its interface with other components.  
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Language to express global properties 
 

• We consider PSL (Property Specification Language) as an 
expressive language to express the generalized contracts. 

 

 

The main concepts of our solution 



Generalized contract 

• An extension of an A/G contract.  

 
 

• Structured with its Assume 
 and Guarantee parts. 
 

 

• Structured according to different clearly identified 
facets (data, functionality, time, safety, quality, etc.) in 
its Assume or Guarantee. 

 

• The behaviour is not included in the contract  
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Towards modeling and verification of heterogeneous 

systems 

Given the requirements of a heterogeneous system. 

 
  

                                                                           

  

 
Global model of the heterogeneous system.  

 

Formal analysis of the system.  
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(Steps …) 

Need of a method 



A method - heterogeneous system 
 

• Composition of normalized components only  Ci(AG,…), Cj(AG,…), … 
 

• Decomposition of the properties with respect to the identified and agreed 
upon facets and distribution along the analysis of the assembled 
components. 
 

• Reuse existing components or build needed ones. 
 

• Manipulation of components  through their generalized contracts 
(A/G). 
 

• Weakening or strengthening of the local contracts according to the global 
level properties.  
 

• Addition of  a priority for each facet, in order to simplify the analysis of 
the global property.  
 

• We target different analysis tools according to the facets and we have to 
ensure the global consistency. 
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Minarets method … 



Structure of a heterogeneous system 

 

 

 

 

 

 
Fig. 1. Meta-model of a heterogeneous system with normalized 

components 
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Minarets Method 

Fig. 2. The successive steps of our Minarets method  
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Case Study 
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Fig. 3. Painting workshop 



Step 3 

• Modeling of components 

 

 

 

 

 

 

 

 
Fig. 4. Components modeled with UPPAAL and ProMeLa 
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Robot painter Painting station 



Step 4 

• Decomposition of the global properties  
with respect to the facets that we considered  

    (Data, functionality, time, security); 

 

 
• Structuration of the formalized properties with the PSL language 

 

 

 

 

 

 

 

 

Fig. 5. Structured property with PSL  
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Step 5 



Step 6 

• Normalization 

 

• Integration of assumptions and guarantees 

 

 

 
 

• Attribution of a priority to each facet 
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Step 8 



Step 11 

• Composition of the component behaviour (with UPPAAL). 

 

 

 

 

 

 

 

 

 
Fig. 6. The composed system after the component translation (in UPPAAL) 
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Assessment 

• The proposed Minarets method solves a part of 
the faced issues 
 

• More tool assistance is needed 
 

• The experimentations give the opportunity to 
tune the method steps  
 

• The impact of treated facets on interactions 
between various tools 
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Conclusion 

• Minarets method for complex and heterogeneous 
systems modeling and analysis 
 

• Generalized contract (the standard interfaces 
between components) 

 

• Reducing the difficulty of modeling and analysis of 
heterogeneous systems composition. 

 
 

  

 

 

 
 



Perspectives 

• The study of various policies for the composition of the 
normalized components. 
The construction of the global property from the local properties.  

 

• The study of the global consistency of the composed 
system. 

 

• The distribution of the global property on the local 

components. 

 

• Verification of the different facets written with PSL 

according to the verification tools. 
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  Thank you for your attention . . 
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