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Problem:

• How to formalize the notion that the outputs of the Implementation (right-hand 
side) “look like” those of the Model (left-hand side), both in signal values and 
timing characteristics? 

• How to compute such a closeness measure? 

• What can we infer about satisfied properties?
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A generic conformance notion

In general, determining that the outputs of the Model and the Implementation are 

“close enough”, i.e. conformant, is application-dependent and relies on expertise 

and ad-hoc rules.

We propose (𝑇, 𝐽, 𝜏, 𝜀)-closeness as a generic conformance notion. This notion is 

appropriate for continuous-time, discrete-time, and hybrid-time systems.
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Model Implementation

Consider two trajectories 𝒚, and 𝒚′ of Σ and Σ′, respectively. Given 𝑇 > 0, 𝐽 >
0, 𝜏 > 0, and 𝜀 > 0, we say 𝒚 and 𝒚′ are (𝑇, 𝐽, 𝜏, 𝜀)–close if:

a) For all (𝑡, 𝑗) in the support of 𝒚 s.t. 𝑡 ≤ 𝑇 and 𝑗 ≤ 𝐽 , there exists (𝑠, 𝑗) in the 

support of 𝒚′, such that 𝑡 − 𝑠 < 𝜏 and 𝑦 𝑡, 𝑗 − 𝑦′ 𝑠, 𝑗 < 𝜀

b) For all (𝑡, 𝑗) in the support of 𝒚′, s.t. 𝑡 ≤ 𝑇 and 𝑗 ≤ 𝐽, there exists (𝑠, 𝑗) in the 

support of 𝒚, such that 𝑡 − 𝑠 < 𝜏 and 𝑦′ 𝑡, 𝑗 − 𝑦 𝑠, 𝑗 < 𝜀
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MathWorks® Automatic Transmission model

Benefits of (𝑇, 𝐽, 𝜏, 𝜀)-closeness as a generic notion of conformance:

• Only requires the ability to simulate the system – black boxes O.K.

• Can be tested early in the design cycle before all the instrumentation is in 

place for more targeted testing.

• Captures differences in timing characteristics as well as signal values

• Real-valued: can speak of a conformance degree and rank 

Implementations based on how well they conform to the Model.

• Input-Output Conformance (Tretmans) for discrete Labeled Transition 

Systems and Hybrid IOCO (Van Osch) for Hybrid Transition Systems.

• Woehrle et al. verify conformance to a specification (and not between 

systems)

• Modeling by Discrete Action Systems (Brandl et al.)

• Directional Haussdorf distance (Abate et al.)

• 𝜏, 𝜀 -similar traces (Quesel)

• Skorokhod metrics with bijective re-timings (Caspi et al.) or set-valued re-

timings (Davoren)

• Approximate synchronization and bisimulation (Julius et al.)

The (𝜏, 𝜀) pairs  are partially ordered, so must fix one parameter and optimize 

the other.

We fix 𝜏 and maximize 𝜀, for pre-defined values of the horizon (𝑇, 𝐽).

We use Simulated Annealing to maximize 𝜀: it is a stochastic, global, 

derivative-free optimizer. It converges in probability to the global maximum 

with known bounds on the convergence rate.

H. Haario and E. Saksman. Simulated annealing in general state space. 

Advances in Applied Probability, 23:866–893, 1991.

The largest (𝜏, 𝜀) such that all trajectories of Σ and Σ′ are (𝑇, 𝐽, 𝜏, 𝜀)–close 

is the conformance degree between Σ and Σ′.

Sample result: the two systems are (104, 𝐽𝑀𝐴𝑋, 5 ∗ 10
−4, 1)–close with high 

probability. 

This constitutes a lower bound on the true conformance degree. 
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