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Summary

The work on project is going according to the schedule outlined in the proposal.  The main effort of the first year is development of the modular specification language for hybrid systems CHARON and its semantic definition.  A preliminary version of CHARON development toolkit has been released for beta-testing and is currently being used in a graduate-level course on hybrid systems taught in the University of Pennsylvania.  A technical paper describing the modular semantics of CHARON has been submitted for publication.  We used CHARON in modeling of several sample hybrid systems in order to evaluate the available features and ease of use of CHARON in practical applications.  Work on improved analysis and simulation techniques for CHARON specifications has started.  No major problems have been encountered within this period.

Status of project tasks

We describe the activities performed for each of the tasks in the project.  Each item listed below corresponds either to a technical paper, published or submitted for publication, or an implemented piece of software.

1. Design language.

The main impact of the first year of the project is the development of the modeling language CHARON for hybrid systems.  The language syntax and semantics have been defined.  CHARON language is now considered stable.

2. Programming environment and software toolkit.

· The CHARON parser has been designed and implemented.  The tool provides parsing of textual CHARON specifications into an internal representation that will be used by all other components of the toolkit.  The parser also has the type checking capabilty, ensuring correctness of variable use and structural consistency of the specification.

· A graphical user interface for the CHARON programming environment has been implemented.  Currently, this front-end provides access to CHARON parser and gives the user a visual representation of the parsed specification.

· A global CHARON simulator is another component of the toolkit that is already implemented.  The global simulator is a precursor to the modular and distributed simulators that will be implemented for CHARON in the future.  These more efficient simulators will build upon the simulation core provided by the global simulator.

· The preliminary version of the CHARON toolkit has been released for evaluation.  The tool, implemented in Java, can be downloaded as a Java package from http://www.cis.upenn.edu/mobies/charon/implementation.html.  The tool is being used in the graduate course on hybrin systems that is offered currently at the University of Pennsylvania by Rajeev Alur and George Pappas.  Comments received from the students are used to improve the toolkit.

3. Methodology and algorithms.

· Semantics for CHARON programs.  

Rajeev Alur, Radu Grosu, Insup Lee, and Oleg Sokolsky

Compositional operational and denotational semantics for CHARON have been defined.  The semantics is implemented by the CHARON simulator and will be used in all analysis tools of the CHARON development toolkit. 

· Accurate Event Detection for Simulating Hybrid Systems. 

Joel Esposito, Vijay Kumar, and George Pappas

We developed a method for detecting discrete events which, using techniques borrowed from control theory, selects integration step sizes in such a way that the simulation slows down as it approaches a guard. Our method guarantees that the simulation will land exactly on the event surface for any guard that has a Taylor series expansion of finite length. Given that any nonlinear guard can be transformed to a canonical linear form, this technique is applicable to a broad class of systems. Even in situations where nonlinear guards have not been transformed to the canonical form, the method is still quite useful in practice.  We show how to extend the method to complex guards, which are built up from many simple algebraic inequalities using the Boolean operators. The technique is easily used in combination with existing integration algorithms and does not adversely affect the underlying accuracy or stability of the numerical integration technique.

· Optimal Paths in Weighted Timed Automata
Rajeev Alur, Salvatore La Torre, and George Pappas

We consider the shortest-path problem for a timed automaton with respect to a linear cost function which results in a weighted timed automaton.  Our solution to this problem consists of reducing this optimization problem to a (parametric) shortest-path problem in a finite directed graph. Such a reduction consists of a graph construction which refines the region automaton construction due to Alur and Dill. We present an exponential time algorithm to solve the shortest-path problem for weighted timed automata starting from a single state, and a doubly-exponential time algorithm to solve this problem starting from a zone of the state space.

4. Experimental testbed.

· Modeling the Simplex Architecture using CHARON

Rafael Fierro, Yerang Hur, Insup Lee, and Lui Sha*  

*Department of Computer Science, University of Illinois at

Urbana-Champaign

CHARON is a language for the hierarchical and modular specification of interacting hybrid systems and is based on the notions of agent and mode. It has well-defined formal semantics, and can be used to specify precisely hybrid systems that exhibit continuous behaviors within modes and discrete jumps between modes.  The goal of the Simplex Architecture is to support the reliable upgrade of control software on the fly, and thus, it requires delicate and complex mode switching between different controllers. Due to complexity, it is a quite challenging task to show the correctness of control software built using the Simplex Architecture.  As a first step toward addressing the challenge, this work shows how the Simplex Architecture can be specified in CHARON using the well-known inverted pendulum system.

· Hybrid Modeling and Simulation of Biological Cellular Networks

Rajeev Alur, Calin Belta, Franjo Ivancic, Vijay Kumar, Max Mintz, George Pappas, Harvey Rubin, and Jonathan Schug

Models of biological systems exhibit concurrency and communication, discrete and continuous behaviors, and stochastic behavior. At the intra-cellular level, proteins and/or mRNAs are agents communicating with each other and influencing each other's behavior. At the inter-cellular level, cells can be viewed as networked agents interacting with each other via different communicating mechanisms. The evolution of entities such as proteins can be described by differential equations. Moreover, certain activities may be triggered only when the concentration of enabling quantities is above the desired threshold. Evolution of entities is not deterministic, and is better captured by stochastic models that allow for uncertainty and noise.

In this work, we show that biological cellular networks can be naturally modeled as hybrid systems. In particular, the protein repressilator system switches between a continuous deterministic model at high concentrations, and a timed, discrete, stochastic model at low concentrations. Similarly, the luminescence control of Vibrio fischeri is naturally modeled as a multi-modal hybrid system, resulting in simulations that are in accordance with experimental observations. The hybrid nature of such protein networks can be very easily expressed and simulating in CHARON, which may offer us better and more global understanding of biological networks.

· Hybrid modeling and simulation of biological cellular networks 

Joel M  Esposito and Vijay Kumar

In this work multirate numerical integration techniques are introduced as a tool for simulating robotic systems. In contrast with traditional simulation techniques where a single global time step is used, multirate methods seek a gain in efficiency by using larger step sizes for the slow varying components and smaller step sizes for components with rapidly changing solutions.  We argue that many robotic systems inherently posses different time scales, and therefore can benefit from multirate techniques.  We have developed a multirate version of the popular Adams Predictor Corrector methods, which has a variety of modern features. We present results on the accuracy, stability and efficiency of the algorithm along with simulation results for a multiple mobile robot example.

Future plans

The immediate plans include:

· Further improvements of the CHARON development toolkit.  The main attention will be given to making the user interface more untuitive and easy to use.  As more analysis tools become available, they will be incorporated into the toolkit.

· Implementation of the modular and distributed simulators.  The theoretical results on event detection and modular simulation achieved during this period will be applied in the development of the tools.

· Predicate abstraction for hybrid systems.  Predicate abstraction is an important abstraction technique commonly used in verification of reactive systems. The continuous variables present in hybrid systems poses a serious challenge to predicate abstraction.  We are currently exploring ways to overcome this challenge. Predicate abstraction will be a starting point to verification techniques used in the CHARON toolkit.

More distant plans can be summarized as follows:

· Develop verfication techniques for CHARON.  They will utilize the results on predicate abstraction, and will also require other abstraction and approximation techniques.

· Implement verification algorithms in the CHARON toolkit.

· Perform extensive case studies of hybrid systems in CHARON to demostrate the effectiveness of the methodology and the toolkit.
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