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The realization of large and complex cyber-physical systems (such as “smart” transportation, energy,    
security, and health-care systems) is creating design and verification challenges, which will soon become 
insurmountable with the current engineering practices. In this talk, I introduce a design methodology that 
addresses the complexity and heterogeneity of these systems by using assume-guarantee contracts to   
formalize the design process and enable the realization of system architectures and control algorithms in a 
hierarchical and compositional way.  
 
In the proposed methodology, the design is carried out as a sequence of refinement steps from a           
high-level specification to an implementation built out of a library of components at the lower level.     
Top-level system requirements are represented as contracts, by leveraging a set of formal languages,     
including mixed integer-linear constraints and temporal logic, to allow for requirement analysis and early 
detection of inconsistencies. Top-level contracts are then refined to achieve independent implementation 
of system architecture and control algorithm, by combining synthesis from requirements, optimization and simulation-based       
design space exploration methods. I show how key analysis tasks, such as refinement checking, can indeed be made more efficient 
when a system is described based on a pre-characterized library of components and contracts. Moreover, at the heart of the           
architecture design framework, I propose two optimization-based algorithms to tackle the exponential complexity of exact            
reliability computation, and enable scalable co-design of large, safety-critical systems for cost and fault tolerance. 
 
I demonstrate, for the first time, the effectiveness of a contract-based approach on a real-life example of industrial relevance,   
namely the design of aircraft electric power distribution systems. I show that optimized selection of large, industrial-scale power 
system architectures can be performed in a few minutes, while design verification of controllers based on linear temporal logic  
contracts can achieve up to two orders of magnitude improvement in execution time with respect to conventional techniques.      
Finally, I conclude by presenting future research directions towards a full-fledged compositional framework for system design.  
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