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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.  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. During the summer 2001, a visual language for CHARON models has been added. Semantics of the textual and visual language are compatible and translations between the two languages have been defined. 
We have added the capability to specify invariant assertions in CHARON models.  An assertion can be added to any mode or agent. It is a predicate over the variables of the mode or agent. Assertions do not affect behavior of a CHARON model, but rather represent the understanding of the model designer about the way the model should perform. An assertion of an agent should be satisfied at any time during the execution, while an assertion of a mode should be satisfied any time that the mode is active. Checking of assertions is an important way of model analysis.
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 custom simulator GUI has been implemented and integrated into the CHARON toolkit.  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.

· A visual editor for CHARON models has been implemented.  The visual format uses a flexible XML representation. The tool can produce regular CHARON specifications from visual models, establishing interoperability with all other CHARON tools.

· The CHARON simulator has been extended with the capability to check assertions within a CHARON model. If a violation is found, the simulation is stopped and the last simulation state in the trace illustrates the violation. The assertion-checking capability effectively turns the simulator into a light-weight analysis tool.

3. Methodology and algorithms.

a. Abstraction techniques

· Composing Abstractions of Hybrid Systems
The complexity of hybrid systems analysis and design motivate the development of methods and tools that scale well with dimension and exploit system structure [1].  Hierarchical decompositions model hybrid system using a hierarchy of models at different layers of abstraction.  Analysis tasks are then performed on simpler, abstracted models that are equivalent with respect to the relevant properties. Design also benefits from this approach since the design starts at the top of the hierarchy on a simple model and is then successively refined by incorporating the modeling details of each layer.

In addition, as systems are usually compositions of subsystems, one must take advantage of the compositional structure of hybrid systems. We seek, therefore, to take advantage of this compositional structure of hybrid systems to simplify the computation of abstractions. This simplification comes from the fact that it is much simpler to abstract subsystems individually and then interconnect them in order to obtain an abstraction, rather than to extract an abstraction of the system as a whole. In order to accomplish this, compositional operators need to be compatible with abstraction operators.

We introduce a framework that allows to model in a unified way discrete, continuous and hybrid control systems. The underlying common features of these systems are abstractly modeled as a monoid action, that is a map 
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where 
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 is the monoid identity. Intuitively, the set 
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 models the state space and the monoid 
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 models the actions or inputs available to control or influence the evolution of the system. In this work we refer to a monoid action as an abstract control system and we also introduce maps between abstract control systems that respect their structure. These maps, called simulations, will carry trajectories of control systems to trajectories of control systems which is essential for verification. Indeed, given two abstract control systems 
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. We also introduce a notion of bisimulation between abstract control systems. When two abstract control systems are bisimilar, they are equivalent with respect to safety as well as other properties.

Within the proposed framework we also address the compatibility of simulations and bisimulations with compositionality. Given a complex system, built by interconnecting several subsystems, it is desirable to take advantage of the interconnection structure to simplify the computation of simulations and bisimulations. Consider for example a systems built by interconnecting subsystems 
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 as displayed in figure 1. If simulations are compatible with composition, to obtain a simulation of system A it suffices to compute simulations of subsystems 
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 and then compose them to obtain a simulation of the overall system A. Clearly, it is much more efficient to compute simulations of the subsystems than to compute a simulation of the whole system A. We show that in the proposed framework, simulations are always compatible with composition and also provide necessary and sufficient conditions for bisimulations to be compatible with composition.
[image: image23.wmf]
Figure 1:  Compositional construction of simulations
b. Analysis techniques

· Exact analysis techniques for affine systems
Reachability problems in hybrid systems that consist of a number of continuous modes are hard to solve because of continuous dynamics.  Numerical approximations are often used to compute dynamics within a mode.  However, such methods suffer from numerical errors and are computationally expensive, severely limiting the size of the systems that can be analyzed.

An affine system with state variables 
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. Assume we have a hybrid system whose modes are described by affine dynamics and the invariants are convex polyhedra, obtained by intersection of half spaces. In a specific mode, one wants to verify whether the system can hit some hyperplane, describing some safety specification.

A sufficient condition to answer the above problem is based on the following result. The proof is straightforward.

Let 
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. Or, in other words, the orientation of an affine vector field on a convex polyhedron is determined by the orientation at the vertices.

To derive the sufficient condition, a new polyhedron is constructed by intersecting the invariant of the mode with the half space given by the safety specification. Then calculate the projection of the vector field along the outer normal of the hyperplane at the vertices corresponding to the hyperplane. If the projection is negative at all vertices, this implies that the system cannot leave that mode through that hyperplane, and the safety specification is verified.
Status of challenge problems

We are concentrating primarily on the automotive OEP problems.  Work on challenge problems proceeds according to schedule.  Students and staff members have been assigned to study the models provided by the OEPs.  The main focus during the current quarter was the preparation for midterm experiments in February/March:
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 and reachability analysis of the model, proving that it satisfies the property that two cars never collide. A detailed report has been presented at the PI meeting at the end of January.
2. An abstraction of the ETC model provided by the OEP has been constructed (see below).  A CHARON model of the abstraction is developed.  Currently, we are performing reachability analysis of the model. At the same time, we are applying test generation techniques to the ETC controller of the original (non-abstracted) OEP model.

Abstraction of the ETC model

In order to perform reachability analysis of the ETC model, we have to overcome the following two problems with the original Simulink model supplied by the OEP: 1) the ETC model is non-linear, while the reachability tool can work with linear systems only; 2) the size of the model exceeds the capacity of the current version of the tool. These problems are overcome by constructing an abstract model of the ETC.  The abstract model is developed using the techniques outlined in [2].
The original model contained 9 continuous-time state variables and 1 continuous-time input.  First, the continuous dynamics of the model was discretized.  Then, abstraction of the 5th degree filter allowed us to remove 5 state variables, replacing them with 3 additional bounded inputs.  The filter abstraction overapproximates the filter by introducing independent bounded inputs as shown in Figure 2.
The second step of the abstraction reduced the size of the actuator and plant blocks in the ETC model. As defined in [2], consistent abstractions of discrete-time linear control systems can be derived and checked using the notion of simulation relations.
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Figure 2.  Filter abstraction for the ETC model
We construct a surjective linear map from the original state space X to the quotient state
space Z, that captures the amount of state information preserved in the abstraction: 
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S1 simulates S2 (i.e. it is a valid abstraction of S2) if and only the following set containment relation holds: 
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The condition allows the analytical construction of the abstract system. In the case of polyhedral constraints, it can be checked efficiently using standard linear programming algorithms. 

[image: image39]
Figure 3.  The actuator-plant abstraction
This abstraction allowed us to reduce the number of state variables to 3.  The abstraction is an overapproximation, that is, the dynamics of the original system is included in the dynamics of the abstracted system.
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 working on the technology transition of the DIVES tools to the automotive OEP team.  
· We are working on the semantics for the new release of the Hybrid Systems Interchange Format.  Formal semantics will provide for unambiguous translations between HSIF and MoBIES tools.

· Translation from CHARON to HSIF and back will begin as soon as the new release of HSIF is finalized. 
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.
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