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Distributed computer systems are becoming omnipresent in modern society. Many 
such systems are real-time embedded systems, where responding to a stimulus 
within a certain amount of time is an essential requirement. The increasing 
complexity of such systems makes their design an inherently error-prone procedure. 
Considering the ubiquity of real-time embedded systems and their critical safety 
aspects, it is natural to consider formal methods to ensure that the system works 
correctly in all possible behaviors. It is crucial to analyze timed requirements, and to 
answer questions such as “is it always the case that the airbag deploys within 5 ms 
after a car crash has been detected?” 
  
This thesis aims at developing an expressive formal framework for the analysis of 
timed properties of real-time systems. In particular, the thesis develops novel model 
checking techniques for timed temporal logic. The thesis takes as a starting point the 
Real-Time Maude framework, which supports the formal modeling and analysis of 
real-time systems in the flexible and expressive rewriting logic formalism. Thanks to 
its expressive formalism and range of features, the tool-based framework has been 
used to successfully model and analyze systems that are beyond the scope of other 
state-of-the-art formal verification tools (e.g., the ones based on timed automata). 
Up to now, however, Real-Time Maude could only analyze untimed temporal logic 
properties. Therefore, the main topic of this thesis is to provide timed temporal logic 
analysis features for Real-Time Maude.  
 
The thesis presents two analysis techniques, which are based on diff erent 
approaches. The first technique consists of a transformational approach for model 
checking two important classes of metric temporal logic properties, namely, 
bounded response and minimum separation, for non-hierarchical object-oriented 
Real-Time Maude specifications. The second technique deals with model checking of 
full timed CTL (called TCTL) formulas for general time-robust real-time systems.  
The model checking algorithms of the above techniques are proven to be correct, 



 

 

and to terminate under reasonable assumptions, and both techniques have been 
implemented and integrated in Real-Time Maude, and used to analyze a number of 
case studies. 
 
 
 
 
 
 
 
 


