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An Improved Constraint Programming Model for Parametric Interval Markov Chain Verification Anicet Bart1,3 , Benoît Delahaye2,4 , Éric Monfroy1,4 , Charlotte Truchet5 1 2 TASC, INRIA, LINA - UMR 6241 AELOS, LINA - UMR 6241 3 4 École des Mines de Nantes Université de Nantes, France 5 CELTIQUE, IRISA - UMR 6074, Rennes, France Motivation. Parametric Interval Markov Chains (pIMCs) are a specification formalism for representing infinite sets of Markov Chains (MCs) in a finite model. While MCs are widely used in practice for modeling systems in which probabilities play a fundamental role, such as randomized protocols or biological systems, pIMCs take into account imprecision in the probability values by allowing (parametric) intervals of probabilities. State of the art models for verifying some pIMC properties are introduced in [1] in the form of logical constraints with nested conjunctions and disjunctions. In this work, we propose a new encoding of these problems using CP. It drastically improves the complexity of solving these problems, which we show on experiments that compare our approach to [1]. Interval Markov Chains (IMCs), introduced by Larsen and Jonsson in 1991 [2], extend Markov Chains by allowing intervals of possible probabilities on transitions, instead of precise probabilities. They are commonly used as abstractions for complex probabilistic systems. pIMCs extend IMCs by allowing to use parameters instead of numeric values as the lower or upper endpoint of interval probabilities. MCs, IMCs, and pIMCs are illustrated in the examples below. In the MC, probabilities are fixed for all edges. In the IMC, the probabilities must belong to the given interval, and this interval can have parametric bounds in the case of the pIMC. IMC example
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pIMC example
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Paper [1] contains state of the art models for the synthesis of parameter values, ensuring properties such as consistency and consistent reachability. Models of [1] consist of linear, strict and non-strict, inequalities with logical constraints: nested conjunctions and disjunctions. Due to the nested constraints these models are hard to read and uneasy to solve. We propose CSP models using linear non-strict inequalities with logical constraints (negations and implications) for ensuring pIMCs consistency and consistent reachability. We tackle the same problems, but our models are linear in the size of the original pIMCs, instead of polynomial or exponential in the context of [1]. Moreover, our models can be extended to express other pIMC properties (e.g., the minimal or maximal probability on transitions). Finally, since there is no existing solver for the state of the art models, we transform the pIMC problems into CSPs, and propose an implementation using CPLEX as a solver. We present a benchmark for comparing our approach to an implementation of the models from [1]. References [1] Benoît Delahaye, Didier Lime, and Laure Petrucci. Parameter synthesis for parametric interval markov chains. In Verification, Model Checking, and Abstract Interpretation - 17th International Conference, VMCAI 2016, St. Petersburg, FL, USA, January 17-19, 2016. Proceedings, pages 372–390. [2] Bengt Jonsson and Kim Guldstrand Larsen. Specification and refinement of probabilistic processes. In Proceedings of the Sixth Annual Symposium on Logic in Computer Science (LICS ’91), Amsterdam, The Netherlands, July 15-18, 1991.
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