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Summary

The work on project is going according to the schedule outlined in the proposal.  The main effort concentrates on the development of analysis techniques for hybrid systems models in CHARON.  The analysis techniques currently under development are reachability analysis based on predicate abstraction and automatic generation of test suites to be applied to implementations of the system to test their compliance with the CHARON model. All work is being performed within the context of the CHARON development toolkit that has been implemented during the last year.

In other developments, work on CHARON case studies continues. We are concentrating on the problems provided by the Automotive OEP.

No major problems have been encountered within this period. The work on test generation has been progressing slower than we expected. However, we think that the premises for this work are still valid, and expect to report results in the coming months.

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 language syntax and semantics have been defined during the project first year.  Over the summer, we have added two additional featured to the language, based on the experience from the case studies. Conditional expressions have been added to avoid unnecessary mode switching. Further, structured data types have been added to CHARON, allowing the modelers to group related variables in the model into records. CHARON language is now considered stable.

We have implemented a prototype of the visual counterpart for CHARON.  Visual formalisms such as UML and Statecharts make specifications easier to understand without sacrificing language features.  Informally, we have been using pictorial representations of CHARON specifications in our publications.  Now we allow CHARON users to draw their models pictorially and map them into the textual CHARON.  Figure 1 illustrates the user interface of the visual CHARON, showing the top-level of the vehicle-to-vehicle model from the OEP challenge problem set.
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Figure 1.  Visual CHARON interface

We have also developed an XML-based representation for the hierarchical hybrid systems that is compatible with both visual and textual CHARON representations. The XML format is general enough to accommodate most of existing formalism for hybrid system modeling.  Currently, we are collaborating with other researchers in the MoBIES team to use the XML representation as the basis for the Hybrid Systems Interchange Format (HSIF). HSIF will be used for integration between different tools during MoBIES integration experiments.
2. Programming environment and software toolkit.

· The basic components of the CHARON software toolkit have been designed and implemented.  These components include parser, type checker, GUI front-end, and a global simulator. 

· A 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.

· Implementation of the efficient event detection algorithm is under way.  The algorithm will substantially improve efficiency of CHARON simulation.  It can also be used in various analysis techniques for CHARON.

· A preliminary implementation of a custom simulator GUI has been completed.  The new interface gives the user an easier-to-use access to all features of CHARON simulation.  The implementation uses the plotting routines from the Ptolemy project.  We expect that this will make integration between MoBIES-related tools easier.

3. Methodology and algorithms.

a. Controller synthesis

· Multi-modal control of systems with constraints

In many control applications, a specific set of output tracking controllers of satisfactory performance have already been designed and must be used.   When such a collection of control modes is available, an important problem is to be able to accomplish a variety of high-level tasks by appropriately switching between the low-level control modes.  We have developed a framework [1] for determining the sequence of control modes that will satisfy reachability tasks. Our framework exploits the structure of output tracking controllers in order to extract a finite graph where the mode-switching problem can be efficiently solved, and then implement it using the continuous controllers. The technique relies on existing methods for numerical computation of the continuous reachability sets. The framework allows one to construct mode-switching sequences that reach a target mode. First, discrete reachability techniques are applied to the mode-switching graph to construct a path to the requested mode. Then, control parameters of each mode along the path are computed. This approach thus allows us to decouple the continuous aspects of the problem from discrete aspects and to apply continuous techniques to continuous aspects of the problem and discrete techniques to the discrete aspects of the problem.

b. Distributed simulation

· Current research on distributed simulation of hybrid systems

In simulating hybrid systems, the most overhead is caused by the computation for the numerical integrations. For more efficient numerical integration, various numerical integrators are combined with adaptive integration steps, e.g., Runge-Kutta method with adaptive integration step. Another way for a simulation speed-up is to utilize more computing resources in a distributed platform by exploiting inherent modularity of a system described in CHARON. Each agent of CHARON has different dynamics and thus does not have to run at the same speed. Likewise, each mode in the different level of hierarchy of the same agent may have different dynamics. The basic idea for an efficient simulation is that we simulate an agent or a mode of slow dynamics using a larger integration step. Therefore, we can reduce the overhead of computation from integrations. Below, we describe distributing only atomic agents to utilize an agent-level modularity.

An important problem in distributed simulation of hybrid agents is that we might miss events due to asynchrony among agents. We consider two approaches for resolving the problem. The first is a conservative approach, while the second is an optimistic one. In a conservative approach, we require that each local clock of an agent always go forward, which forces that the state of an agent cannot be rolled back. In an optimistic one, however, we advance the local clock of an agent until an incoming event gets detected. Once an event gets detected, we execute a rollback. The disadvantage of the conservative approach is that overhead resulting from communications degrades the possible performance gain from distributing computations. Thus, we can get speed-up only in simulating computation-oriented hybrid systems. Our optimistic approach utilizes the estimator that predicts when the next event will occur and synchronize near the point. A challenge in the optimistic approach is to provide an efficient and accurate estimator. To develop such an estimator is an on-going work. Also, we currently develop a new optimistic approach independent of the estimator.

c. Abstraction and analysis techniques

· Reachability analysis using predicate abstraction

It is well known that the reachability problem for hybrid systems is undecidable, even when continuous dynamics are linear. Current research concentrates on computing numerical approximations of the reachable state space. Several tools, such as StateMate and d/dt, have been designed for approximate reachability computation. However, this approach allows us to analyze only very small systems, since the state space grows very fast and is hard to store and manipulate efficiently. Safe abstraction techniques are needed to enable the analysis of larger systems. Predicate abstraction is one such technique.

The state space is represented by means of a collection of predicates specified by the user. Predicates partition the state space of the system into a finite number of regions, which serve as the abstract state space. Discrete and continuous transitions of the hybrid system are transformed into transitions between abstract states. For discrete transitions, the abstract transitions are computed by intersecting transition guards and reset mappings with the regions of the abstract states. When the intersection is not empty, a transition between the abstract states can occur.

In order to compute the abstract representation of continuous transitions, we have to resort to numerical approximations. Starting from the region of an abstract state, we compute continuous successors of the concrete states in the region, looking for those successors that belong to a different abstract state. This is the same kind of computation that other reachability tools do.  In fact, we are using routines from the tool d/dt to compute continuous successors.  However, we need to compute the successors of abstract states, and not of intermediate regions of unpredictable shapes that arise in general during reachability computations.  In addition, we may terminate the computation once the first successor in another discrete state is found. Because of this, the computation is much more efficient than in existing reachability analysis tools, thus allowing us to handle much larger systems.
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Figure 2. Architecture of the reachability analysis tool

When a failure of a property is found, the tool produces a counterexample, which is a sequence of abstract states traversed by the system to reach a failure state. The predicate abstraction is conservative, that is, whenever the abstracted system satisfies the property, the original system also satisfies the property. At the same time, when an abstract system fails to satisfy a property, the original system may still satisfy it. This is due to the fact that a partitioning of the state space into abstract states may introduce behaviors that are not present in the original system.  Therefore, an additional step is needed to analyze the abstract counterexample and ensure that the system can really produce it. A real counterexample is returned to the user as the evidence of the property failure. If the counterexample turns out to be infeasible, it means that the abstraction is too coarse and needs to be refined. The refinement is done by adding more predicates that define the abstract state space. New predicates can be produced automatically by analyzing the infeasibility in the trace. 

The structure of the reachability analysis tool is shown in Figure 2. Implementation of the reachability analysis is being carried out in C++. Library routines from the d/dt tool are used for the computation of continuous successors. To date, a simple strategy for the exploration of the abstract state space and detection of violations of properties have been implemented. Implementation of the counterexample generation is under way, and new predicates have currently to be introduced manually. An algorithm for automatic generation of new predicated based on the analysis counterexamples is being designed.

Status of challenge problems

We have started work on challenge problems from both automotove and avionics OEP.  Students and staff members have been assigned to study the models provided by the OEPs.  

In this quarter, most of the effort concentrated on the automotive challenge problems, both in the vehicle-to-vehicle coordination and the powertrain domains.  In preparation for the mid-term MoBIES experiment, we are pursuing the following activities:

1. In the vehicle-to-vehicle coordination problem, we have constructed a simplified version of the problem and implemented it in CHARON. We have performed simulations of the model. Reachability analysis of the model is under way. 

2. We are translating the ETC model provided by the OEP into CHARON.  This translation will enable us to do analysis of the powertrain model.  Moreover, we intend to use the powertrain model as one of the subsystems in the vehicle-to-vehicle coordination model.  Integration of the two model will allow us to address the question of model compatibility, which is among the automotive challenge problems.

Future plans

The immediate plans include:

· Continue the implementation of the modular and distributed simulators. 

· Extend and refine the reachability tool for hybrid systems. The current effort is to implement the generation and manipulation of counterexamples when the state space exploration is complete. Automatic generation of predicates through the analysis of counterexamples will be the next step.

· Develop algorithms for compositional controller synthesis and implement them in the CHARON toolset.

· Work on challenge problems.  We are applying our analysis techniques to the simplified model of the automotive OEP challenge problems.

· In the preparation for the midterm experiments, we will be working on the integration of different tools via the HSIF format, which will be finalised in the current quarter.

More distant plans can be summarized as follows:

· Develop further 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.

References

[1] T. J. Koo, G.J. Pappas, and S. Sastry, Multi-modal control of systems with constraints. To appear at the 40th IEEE Conference on Decision and Control, Orlando, FL, December 2001.

This report was prepared by Oleg Sokolsky, (215) 898-9511, and Insup Lee, (215) 898-3532.

Appendix. Progress chart


additional


predicates





Real


counter-


example


found





No!


Counter-example





Property


holds





Analyze counter-example





Search in abstract space





Boolean


predicates





Hybrid


systemm





Safety


property








