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11. Summary of the new findings of the thesis:  

The thesis proposes timed trace theory to support the specification of time 
constraints of real-time concurrent systems.Timed trace theory is a timed extension of 
Mazurkiewicz’s trace theory by using a timed labeling function. According to this 
extension, timed trace theory is effective to use in specifying behaviors of timed 
concurrent systems. In addition, the authors proposed a duration trace notion, duration 
trace is Mazurkiewicz trace that a character (an action) in dependent alphabet is labeled 
with a timed constraint, which is a timed interval. Duration trace is used in order to 
present timed constraints of systems in which each their action associates specification of 
the worst case execution time (WCET). Duration trace is a concise representation of a set 
of timed traces. The doctoral thesis included an asynchronous duration automaton to 
recognize the regular timed trace language in order to apply to verification problems. A 
result of this thesis is the emptiness checking problem of asynchronous duration automata 
to be decidable whether complexity is not polynomial. To support the specification of 
systems, in the timed trace theory, the thesis also included Timed Linear Temporal Logic 
(TLTL) to specify timed trace properties. This sort of logic is a timed extension of Linear 
Temporal Logic (LTL - Linear Temporal Logic). The association between asynchronous 
automata and TLTL has proposed and proved. Hence, together with above timed trace 
theory, timed concurrent systems will be conveniently specify and verify depending on 
asynchronous duration automata and TLTL fomulars. 



 

The evidence of effectiveness of proposal methods, applies the method proposed in 
the specification, analysis and verification of component-based systems. For each model, 
all behaviors of system are specified by timed traces. Therefore, the model can specify 
concurrent properties and timed constraints of systems that need to verify. 

- The first, the thesis introduce to a model component-based timed concurrent 
systems relying on rCOS (Refinement of Component and Object Systems). This 
research uses timed trace to specify interface protocols of component, the 
computations over compositional operators, and component refinement has 
proposed and proved. 

- The second, the authors proposed a designing model based-on interfaces over 
timed concurrent systems. In this model, timed concurrent interface automata is 
used to model each component. The results showed that new methods can cover 
all other aspects of interface-based design theory. 

- Finally, a new method is proposed to specify and specify timed concurrent 
distributed systems. The main idea is a widening of distributed transition systems, 
using timed trace language. 

 

12. Practical applicability, if any: The results of the thesis can be applied in the interface 

modeling techniques in the theory of interfaces for component-based systems with time 

constraints and concurrency 

13. Further research directions, if any: Applying theoretical research into a model 

checker tool,  studying and optimal complexity of the verification algorithms proposed in 

the thesis. 
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