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Background and Research Objectives

Scientific and Technological Objectives


The main objective of the project is to advance the state of the art in the field of modeling, simulation and performance evaluation of control systems with different processes, including computation ones. 

We will focus our attention especially on reconfigurable control systems that automatically adapt their control strategy in the presence of failures or damages, providing benefits in terms of safety and reliability. For this we intend to analyze new extensions of timed reconfigurable Petri Net models and to adjust them to technological processes requirements. 


One of the major objectives of the project is to study how the resources used in the controlled system can be taken into consideration and to propose some alternatives concerning the resources management.

Another objective of the project is to elaborate a hardware-software co-design methodology that will allow designing of the control unit from the modeling step to the implementation one in the most transparent manner for the user. In this direction we intend to design algorithms and mathematical methods for specifying and verifying software and hardware system requirements.


Also an important objective of the project is the practical demonstration of the effectiveness of the proposed methodology. For this we will produce software and hardware supporting tools that will allow the hardware implementation of control systems in reconfigurable structures. 

 
Scientific Basis


The complexity of today’s computerized control systems increases and the efficient modeling and analysis of these systems requires more time and resources. The behavior of the control system is usually described with a Finite State Machine (FSM). Whenever the system functionality presents concurrent activities, the specification of the system becomes more problematic if we only use Finite State Machine techniques. FSM based studies suffer from the so-called state explosion problem. FSMs provide sequential models. When using FSMs, graphical visualisation of the modelled system cannot be realised easily. It can be hard to verify basic system properties such as absence of deadlocks, freedom from starvation, unsafe states etc.

The resource usage in real systems is one of the major problems. Controlled systems use some resources and usually these resources are shared between the system components. Also the hardware implementation can be done taking into account the resources used. There are several models implemented concerning the resource management.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

A modeling paradigm that supports concurrency and synchronization is Petri Nets.  Petri Nets have been used as an alternative formalism for the study of discrete event systems due to their easily understood graphical representation in addition to their well-formed mathematical formalism. The simulation of Petri Net type models is a major topic of research in real-time software and hardware systems modeling. It is important to notice that Petri Net theory has been developed widely, and new types of Petri Net extensions have appeared that are able to describe different behavior aspects of analyzed systems. To model dynamic and nonautonomous behavior of digital systems Timed PNs, Control Petri Nets, Stochastic PNs and others are used. 

Finally, the advent of high-speed and complex in-system programmable FPGA circuits have opened new directions for the use of dedicated hardware solutions by providing a similar circuit complexity, as earlier VLSI designs. Significant advantages in programmable digital logic have created the opportunity for reconfigurable computer architectures and the hardware implementation of numerous computationally intensive algorithms that can benefit from flexible hardware acceleration. One of the important benefits of FPGA technology over Application-Specific Integrated Circuit (ASIC) and Electrically Programmable logic Device (EPLD) technology is the ready reprogramming of the digital logic and its interconnection patterns. In the context of mapping a Petri net model description, the advantage of FPGA technology is that the interconnection patterns inherent in the Petri net structural description can potentially be very flexibly mapped to the FPGA structure.

Tools are also available to program them using design flows starting with high level description languages as VHDL and Verilog or traditional schematic editors. This gives the possibility of the direct mapping of Petri Net models into Field Programmable Logic (FPL) structure. It creates near-optimal system’s implementation in terms of performance.

Novel character


The most innovative aspect of the project is the combination between the use of Petri Net modeling and reconfigurable hardware structure design.

 
The majority of  techniques for modeling, analysis and synthesis of control systems are based on the use of Petri Net as a tool for describing behavior of such circuits. A Petri Net model of the circuit is used for verification of different system properties. In our project we intend to elaborate such a methodology that will be able to use a hardware-implemented Petri Net model as a control system’s structure. This goal can be achieved if the design methodology will allow the direct, self-evident correspondence between a Petri Net model and its hardware implementation.

The resources that are shared in a real system, in our case the controlled system, must be managed in an efficient manner and the model will satisfy some optimization criteria.

Multidisciplinary character

           The main research directions of the project are based on knowledge in different scientific disciplines. 

Modeling, simulation and performance evaluation of real-time systems requires skills in such scientific domains as stochastic processes, discrete processes, parallel and concurrent data processing on the one side and mathematical skills in formal methods describing and analyzing on the other side.

 
In our project hardware and software co-design methodology is based on  data acquisition, reconfigurable architectures  for concurrent data processing. The implementation of the proposed methodology is based on:

- object-oriented   program languages (C++, Java); 

- optimization techniques;

- hardware description languages (Verilog, VHDL, AHDL); 

- compilation theory;

- reconfigurable architecture programming. 

Importance 

The successful development of the project will have a significant impact on the acceptance of the proposed methodology in industry, which will have a benefic influence on reconfigurable software and hardware systems by reducing their implementation cost. We hope that the scientific importance of the project will initiate new theoretical and algorithmic developments. The partners will be able to use the theoretical and practical experience from the project realizing more efficient tools not only for reconfigurable control units design but for asynchronous digital systems in general.

Research Programme

Overall the research approach consists in elaboration of new methods and techniques for modeling, analysis and synthesis of reconfigurable control systems. For this the research will follow three main directions: formal description and process identification of a control system; design methodology; software and hardware tools.

1.               Formal description and process identification of a control system

The goal of this direction is development of the mathematical mechanism for formal description of the designed system considering its subsequent hardware implementation.

a) Process identification

Control system behavior description can be realized using different mathematical models (linear models, differential and discrete models). We will select the most appropriate for further formal description by Petri Nets [1-10].

b) Formal methods

One of the most advanced methods for parallel and concurrent system behavior description is the Petri Net formalism. We intend to use different extensions of Petri Nets for discrete event systems modeling. Control Interpreted Petri Nets have been shown to be a powerful tool to specify and model the behavior of such systems. On the other hand, most asynchronous circuits today are designed with delay assumptions. In this case the best solution for their description are Timed Petri Nets. The combination of these two extensions of Petri Nets can be used to define a set of alternative untimed processes and then to apply an algebraic approach for delay consideration [11-15].

I.       Design methodology

The main goal of the proposed design methodology is to continuously preserve the direct, self-evident correspondence between a Petri Net model and its hardware implementation.

a) Data processing methods

As control systems that we intend to elaborate provide concurrent data processing we will use the following architectures:

-SIMD (single instruction, multiple data stream) that include vector processing as well as massively parallel processing;

-MIMD (multiple instruction, multiple data stream which is based on multiple interconnected processing elements. Unlike the MIMD structure, each processing element executes operations completely independently. Although most MIMD configurations are regular and homogeneous for all identical processing elements we will use irregular and heterogeneous configurations because of the specifics of Petri Net models [16].

b) Functional elements for data processing

In order to determine and specify the executed operations consequence in processing elements it is necessary to elaborate and analyze functionality algorithms for them. For this we will classify all types of processing elements according to their structure and functions. The next step is the elaboration of functional elements logic structures [17-20].

c) Concurrent data processing

The functionality of the FPGA mapped Petri Net model is largely concurrent. The concurrency appears as the result of parallel execution of function elements and as the result of time delays that are asserted by the Petri Net model characteristics. The correct synchronization can be the solution to exclude deadlocks and unsafe states [16]. 

II. Software tools and hardware implementation

a) software tool

We will elaborate software tools based on object-oriented program languages such as C++ and Java. Three types of program applications will be realized:

-Software tool for modeling, verification and validation of the Petri Net model that describes the control system behavior. The output of the program will include the validation results, incidence matrix and initial marking of the Petri Net model. We will use Visual Petri Net Program (VPNP) software tool, elaborated by our team members that will be adapted to solve the existing task; 

- Software tool for HDL (Hardware description Language) compilation of the Petri Net model. The output of the program will be the HDL-code of the control system structure;

- FPGA configuration and validation of the control system structure will be directed towards the modern, well-accepted HDL-based CAD tools ( MAX + PLUS II) [21, 22].

b) hardware implementation

The proposed methodology and elaborated tools will be verified on several types of reconfigurable control systems for technological process and for computational processes [17-20, 23-27].

References: 

[1]. Gang Tao and Petar Kokotovic. Adaptive Control of Systems with Actuator and Sensor Nonlinearities. published by John Wiley & Sons, 1996; ISBN 0-471-15654-X; TJ217.T36 1996.

[2]. Gang Tao. Adaptive Control Design and Analysis. published by John Wiley & Sons, 2003; ISBN 0-471-27452-6; TJ217.T34 2003.

[3]. Schaft A., Schumacher H., An Introduction to Hybrid Dynamical Systems, Lecture Notes in Control and Information Sciences 251, Springer 2000.

[4]. Benini, et al., “A survey of Design Techniques for System-Level Dynamic Power Management”, IEEE Transactions on Very Large Scale Integration Systems (VLSI), Vol. 8, No. 3, June 2000.

[5]. G. Ayres and F. Paganini. A method for decentralized control design in spatially invariant arrays. In Proceedings of the 2003 American Control Conference.

[6]. B. Bamieh, F. Paganini, and M. Dahleh. Distributed control of spatially-invariant systems. 2002.

[7]. F. Blanchini. Set invariance in control—a survey. Automatica, 35(11):1747–1767, 1999.

[8]. J.B. Conway. A Course in Functional Analysis. Springer-Verlag, New York, 1985.

[9]. W.B. Dunbar and R.M. Murray. Model predictive control of coordinated multi-vehicle formations. In Proceedings of the 41st IEEE Conference on Decision and Control, 2002.

[10]. D. Jia and B.H. Krogh. Min-max feedback model predictive control for distributed control with communication. In Proceedings of the 2002 American Control Conference, pages 4507–4512, 2002.

[11]. Ajmone-Marsan M., Gerla M. Marcov models for multiple bus multiprocessor systems. IEEE Trans. Comput. C-32,3, march 1982.

[12]. Agrawal D., et. Al. Evaluating the performance of multicomputer configurations. IEEE Comput., may 1986.

[13]. Cinlar E. Introduction to stochastic Processes. Prentice Hall, 1975.

[14]. Murata T. Petri Nets: Propertes, Analysis and Applications. Proceding of the IEEE, vol. 77, no 4, pp. 541-580, 1989.

[15]. Peterson J. Petri Net theory and the modeling of systems. New-York, 1984.

[16]. R. W. Hockney and C. R. Jesshope, Parallel Computers 2: Architecture, Programming and Algorithms, Institute of Physics Publishing, Philadelphia, 1988.

[17]. E. Soto, M. Pereira. Implementing a Petri Net Specification in a FPGA Using VHDL. The International Workshop on Discrete-Events System Design, DESDes’01, June 27-29, 2001, Przytok near Zielona Gora, Poland.

[18].  J. Morris, G. Bundell and S. Tham. A Re-configurable Processor for Petri Net Simulation. Proceedings of the 33rd Hawaii International Conference on System Sciences – 2000.

[19].  V. Sudacevschi, L. Gutuleac, V. Ababii, A Hardware Implementation of Petri Nets Models, Proceedings of the 7th International Conference on DEVELOPMENT AND APPLICATION SZSTEMS “DAS-2004”, 27-29 may, 2004, Suceava, Romania, pp 24-28.

[20].  V. Sudacevschi, VHDL functional elements for Petri Nets implementation, 4th International Conference INFORMATION TECHNNLOGIES, “BIT-PLUS-2004”, May 3-7, 2004, Chisinau, Moldova.

[21]. http://www.altera.com
[22]. http://www.xilinx.com
[23]. H. Kubatova. Petri Net Simulation Using FPGA. Proceedings of XXIIIrd International Autumn Colloquium. Ostrava, MARQ, pages 129-134. 2001. ISBN 80-85988-61-5.

[24]. G. A. Bundell. An FPGA implementation of the Petri Net firing algorithm. In Proc. 4th Australasian Conf. on Parallel and Real-Time Systems, pp. 434-445, 1997.

[25]. K. Bilinski, M. Adamski, J.M. Sul, E.L. Dagless. Petri Net Based Algorithms for Parallel Controller  Synthesis. IEE Proceedings – E , Computers and Digital Techniques. Vol. 141, No. 6, Nov. 1994, pp.405-412.

[26].  W. Fengler, A. Karg: Design of complex embedded systems based on di_erent Petri-net interpretations. In Advanced Simulation Technologies Conference,  Boston, MA, 5.-9.4.1998.

[27]. M.Zwoliński, Digital System Design with VHDL, Prentice Hall, Harlow (England), 2000

