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This document is intended to show the past, present and future views about our research topics and research areas. The document includes brief descriptions about the topics, and further information can be found in http://www.sce.carleton.ca/faculty/wainer/research. We present information about different research topics and the researchers involved. An extended version of this document is available for graduate students and people interested in collaborative research with our team (to obtain a copy of this version, send an e-mail to gwainer@sce.carleton.ca

). You can navigate the document as a hypertext, and you will find extended references about the materials (which include publications, tools and further information about student work).

We see our long-term research as organized in different layers, as described in the graphic included in the next page. Our focus is in the area of Modelling Methodologies. We have developed activities in two different areas: modelling of real-time systems using hierarchical and modular descriptions, and modelling of complex physical systems. The research is intended to provide practical results through model execution, but it is based on sound theoretical grounds.

The techniques we used enabled execution of the models using engines independent from the modelling aspects. This is reflected in the lower layer of the figure in next page, as we have developed different kinds of simulation engines for the same kinds of models. Some of them execute in a centralized way. Others can execute in parallel or distributed environment. Some others provide real-time execution. We have developed a number of applications using our tools. We also have developed different visualization approaches to improve the analysis of model execution. The basic aspects of these topics will be described in the following pages.
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I. Application areas

We have developed a number of models in different areas. Each of these applications was based on the DEVS and Cell-DEVS formalisms. Their hierarchical and modular nature of these techniques allowed easy reuse of models in different applications. The discrete-events nature of the formalism also allows reducing the execution times of complex systems. We have developed applications in different areas, which are included following:





(Colour description: 

I.i. Modelling and simulation of Urban Traffic

Description

Urban traffic analysis and control is a problem whose complexity is difficult to be analysed with traditional tools. We have developed cellular models describing traffic behavior that was later implemented in CD++. Using that experience, we have developed a modelling language focused to analyse detailed behaviour of traffic (microsimulations), named ATLAS (Advanced Traffic LAnguage Specifications). The models are represented as cell spaces, allowing elaborate study of flow according with the shape of a city section and its traffic attributes. A city section can be easily described, including definitions for traffic signs, traffic lights, etc. A modeller can concentrate in the problem to solve, instead of being in charge of defining a complex simulation. The constructions defined in this language are mapped into DEVS and Cell-DEVS models. A compiler, called TSC, was built based on ATLAS formal specifications. The compiler generates CD++ code that can be used to run a simulation using different execution techniques.



URL: 
http://www.sce.carleton.ca/faculty/wainer/research/traffic.htm
http://www.sce.carleton.ca/faculty/wainer/research



Students involved:

A. Davidson. "Definition of a language for traffic simulation using Cell-DEVS". (1999). 

A. Diaz, V. Vasquez. "New extensions to ATLAS" (2000).

C. Torres, M. Lo Tártaro. "TSC: a Traffic Simulation Compiler" (2000).

L. Li.

Work in Progress

J. Rojas

Open Topics:

· Improving TSC model definition: 

TSC was originally developed under the version 2.0.1 of the CD++ simulation engine. It was developed as a generic tool based on templates easily modifiable. At present, there is a more advanced version of CD++ that enables multiple state variables per cell, which can improve the definition of ATLAS templates. The goal is to redefine the templates to generate cellular models reflecting the traffic behaviour more accurately.

· Reducing ATLAS to allow imprecise computation

ATLAS generates executable models that result in detailed microsimulations. In different cases, the user might be interested in analyzing parts of the city trace with detail, while keeping general information about others. The goal is to reproduce the external behaviour of ATLAS constructions with a reduced version, which will not generate visually reproducible outputs, but will generate similar behaviour in order to be able to be coupled with models that are more detailed.

· Visualization of traffic models

The goal of this project is to build a graphical environment enabling the users to easily define the traffic models using an easy-to-use tool. It will also use the outputs provided by the tool, and will translate them into VRML, enabling the user to see the traffic flow using Virtual Reality tools. This includes distributed execution via the Internet using a web-based interface. 

· Parallel execution of TSC

The CD++ tool is able to run models in parallel, using an interface based on MPI. The goal of this project is to use existing models of traffic in Ottawa (including a model of traffic on campus) in order to improve the generation of results based on parallel execution of the models.
· Formal validation of the ATLAS modelling language for urban traffic

TSC is a compiler that allows defining ATLAS to be later simulated in the CD++ environment. The goal of this research topic is to provide formal validation techniques to be incorporated in the model compiler, with the goal of providing correct models in an automated fashion. In this way, a modeller can improve model definition and reduce errors.

· Defining traffic light controllers in ATLAS

One of ATLAS constructions enables defining traffic lights. At present, there are no facilities to model a generic traffic light controller. The idea will be to essay different traffic light configurations in different city sections.

I. ii. Modelling and simulation of computer networks
Description

The CD++ tool allows modelling and simulating complex systems using the DEVS formalism. It has been used to define many different complex systems. In this case, we intend to build a set of libraries to be ready to use by engineers to analyse computer communications behaviour through modelling and simulation. The applications range from PCS communications, analysis of topologies, security configuration, protocol analysis, etc.

URL:
 http://www.sce.carleton.ca/faculty/wainer/research/networks.htm

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

I. Melgratti, C. Giorgetti, A. Tymoschuk.

Work in Progress

None

Open Topics:

· Analysis of PCS communications in an urban environment

The goal of this project is to build models using DEVS and Cell-DEVS. A model of urban traffic must be defined (see section II, as the model will be built using the TSC compiler for the ATLAS language). Over that traffic model, a model of Personal Communication Systems must be developed (mainly devoted to model Cellular Phones), allowing analyzing performance in the PCS. Results will be gathered running the models in parallel.

· Development of a library for analysis of communication systems

The goal of this project is to build a library of models using DEVS. The goal is to provide a simple library of components of communication systems, allowing analyzing performance. Coupled model definition allows studying different topologies. Different atomic models will be implemented to represent communication protocols. Hierarchical modelling techniques will be considered to represent layered subsystems.

· Development of a libraries for computer networks communication

· Using DEVS as a base for interoperation between existing modelling tools

· Other topics can be discussed upon request.
I. iii. Modelling and simulation of biological systems
Description

The CD++ toolkit was used to develop different biological systems (mostly ecological). At present, we are developing a model of heart tissue behavior, and have started analyzing the use of DEVS for genomic modelling. We have developed models representing ant foraging systems, bacteria reproduction, plant growth in a field, watershed formation, etc.

URL: 
http://www.sce.carleton.ca/faculty/wainer/research/eco.htm

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

J. Ameghino.  "Modelling complex cellular models using N-CD++". (2000)

G. Herrero, L. Li, H. Du.

Work in Progress

L. de San Miguel. (2000-)

Collaboration with I. Zwir (2002-)
Open Topics:

Different topics can be discussed if you are interested.

I. iv. Modelling and simulation of continuous systems
Description

In recent years, a theory of quantized DEVS models was developed. The theory has been verified when applied to predictive quantization of arbitrary ordinary differential equation models. This operation reduces substantially the frequency of message updates, while potentially incurring into error. The theory can be applied to the construction of models of analog systems, and the hierarchical composition with discrete event components, allowing describing hybrid systems.
URL: 
http://www.sce.carleton.ca/faculty/wainer/research/devs.htm

http://www.sce.carleton.ca/faculty/wainer/research
Participants

Collaboration with Prof. Bernard Zeigler and Prof. Norbert Giambiasi.

Work in Progress

Mariana D’Abreu: development of a library of continuous and hybrid systems

L. de San Miguel. (2000-)

A. Muzy.

Open Topics:

· Modelling and simulation of continuous and hybrid systems 

A high level language representing analog systems will be defined, and a translation into quantized DEVS will be formalised. Equivalence relationship of the existing models should be proven. The benefits of quantized DEVS versus GDEVS models should be analysed as a first stage of this project.

· Modelling and simulation of hardware descriptions: the nVHDL standard.

Press HERE to get the information
· Comparing different techniques for continuous systems modelling
A theory of quantized models was developed. The theory has been verified when applied to predictive quantization of arbitrary ordinary differential equation models. A curve is represented by the crossings of an equal spaced set of boundaries, separated by a quantum size. A quantizer checks for boundary crossings whenever a change in a model takes place. Only when such a crossing occurs, a new value is sent to the receiver. This operation reduces substantially the frequency of message updates, while potentially incurring into error. The cost/benefit analysis between reduced traffic and increased error was discussed in recent works. It also involves comparing the methodology with the GDEVS formalism.

I. v. Modelling computer architectures
Description

The Alfa-1 is a simulated computer based on the architecture of the SPARC processor. It was built using a simulation tool (CD++, a modelling tool enabling the definition of discrete event models) under different environments (Solaris, AIX, Linux, and Windows). The simulated computer is available for public domain, and it is being used in various universities around the world. 

URL: 
http://www.sce.carleton.ca/faculty/wainer/usenix

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

Daicz, S.; De Simoni, L.;  Troccoli, A.; Wassermann, D.; Zlotnik, S.
Work in Progress

Saghir, A. (cosupervised by Prof. T. Pearce)

Open Topics:

· A debugging tool for the Alfa-1 processor 

At present, Alfa-1 does not provide any in debugging capabilities. The goal of this project is to build an independent debugging tool that can be applied to the simulated computer, with the goal of making easy the interaction between the simulated computer and the students. This includes distributed execution via the Internet using a web-based interface.

· Definition of I/O devices for Alfa-1 

Alfa-1 includes very simple input/output devices. The goal of this project is to define the behavior of different peripherals in a more realistic way, implementing them using the CD++ tool. The models will include different synchronization mechanisms (Polling, Interrupts, and DMA). 

· Running ALFA-1 in parallel 

The CD++ tool is able to run models in parallel, using an interface based on MPI. The goal of this project is to introduce intra-instruction parallelism (pipelining, vector processing or multiprocessing) by running the ALFA-1 tool in the parallel environment. We intend to run the models in a cluster with 10 processors. According to the quality of the results, we intend to extend the experiments to a 128-node multiprocessor.

· Modelling and simulation of hardware descriptions: the nVHDL standard.

Press HERE to get the information
I. vi. Modelling and simulation of Fire Spread

Description

We have developed different fire spread models using the CD++ toolkit. They are defined as Cell-DEVS models using different delays. We are now working on a semiphisical fire model based on differential equations and its translation in quantized Cell-DEVS.

URL:
 http://www.sce.carleton.ca/faculty/wainer/research/fire.htm

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

J. Ameghino - "Modelling complex cellular models using N-CD++". (2000)

Work in Progress

A. Muzy - Computer modeling and simulation of fire risks and spread.  (Co-supervised by Prof. Jean-François Santucci). 

Open Topics:

Different topics can be discussed if interested.
I. vii. Modelling and simulation of complex physical systems
Description

Cell-DEVS is a technique that enables defining grid-shaped discrete event models. Very complex systems can be modeled easily thanks to the availability of high-level techniques and associated tools. We have developed different models, including 2D and 3D heat diffusion models, binary solidification, excitable media, surface tension, etc.

URL: 
http://www.sce.carleton.ca/faculty/wainer/research/celldevs.htm

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

A. Troccoli. - "Parallel execution of Cell-DEVS".  2001. 
J. Ameghino - "Modelling complex cellular models using N-CD++". (2000) 

D. Rodriguez, M. D’Abreu, J. Kriger.

Work in Progress

L. de San Miguel. - "Analysis of quantized Cell-DEVS systems". (2000-) 

Open Topics:

· Improving performance of complex systems using Parallel Cell-DEVS

The goal of this project is to define very complex models using the Cell-DEVS formalism. Some examples include the definition of plant growth, fire spreading, watershed forming, ant foraging models, and heart tissue behavior. The performance of these models will be improved using a parallel environment.

· Visualization of photonics systems physical properties

This project (interdisciplinary, working together with researchers in the Department of Chemistry) intends to provide simulation visualization of the optical/electromagnetic properties of the physical phenomena occurring in fiber optics. Based on developments on the Maxwell's equation, the students will develop models of the system dynamics in order to enable the visualization for engineering purposes.

I. viii. Multimodelling
Description

The DEVS formalism has shown to be ‘Universal’, and different modelling formalisms were successfully translated into DEVS models proving homomorphic relationships. We have developed different models implemented as DEVS that represent the basic components of other formalisms (Petri Nets, Layered Queuing Networks, FSA, Cellular Automata). The goal is to provide different means to represent complex systems that can be easily integrated to define different behavior with adequate means.
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URL: 
http://www.sce.carleton.ca/faculty/wainer/research/devs.htm
http://www.sce.carleton.ca/faculty/wainer/research/celldevs.htm

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

S. Chen

Work in Progress

J. Kriger, C. Jacques.

Open Topics:

· Modeling Timed Petri Nets as DEVS models

· Modeling Queuing networks as DEVS models

I. ix. Various
Description

DEVS has been used to generate simple examples of a number of artificial systems, including a model of an elevator, an airport, vending machines, an automated factory and robots moving in a factory.

URL:
http://www.sce.carleton.ca/faculty/wainer/research/artif.htm

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

J. Ameghino, L. De Simoni, L. Li, M. D’Abreu, C. Jaques, H. Du, F. Fromer, P. Xie

Work in Progress

None

Open Topics:

· Enterprise Modelling and simulation in CIMOSA.

CIMOSA is a modelling standard used for enterprise systems analysis. The goal of this project is to provide a mapping between CIMOSA constructs and DEVS models. At present, CIMOSA semantics is not well defined; DEVS will be used to achieve these goals. The execution of enterprise models in a DEVS distributed platform will entitle the efficient execution of executable models representing enterprise systems (automated plants, administrative circuits, plant layouts, Computer Integrated Manufacturing systems, etc.).

· Decision support systems

A number of statistic tools will be associated with the CD++ toolkit. These tools will enable easy creation of reports based on simulations executed using the toolkit.

II. Visualization and Virtual Reality

Description

The CD++ tool provides a platform-independent engine enabling execution of DEVS and Cell-DEVS models. Different visualization techniques have been applied to the current engine (based on Java and VRML). The goal of this project is to improve 3D visualization techniques based on VRML and XML. It also includes defining input engines based on Geographical Information Systems (GIS).



URL: 
http://www.sce.carleton.ca/faculty/wainer/research/visual.htm

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

X. Wu, Y. Wang: DEVS GUI.

W. Chen: VRML GUI.

Work in Progress

I. Cidre: extended input model definition

J. Zhi: enhanced outputs for the Java GUI

H. Du: enhanced 3D visualization with VRML

F. Fromer: definition of atomic models with DEVS graphs.

A. Dobniewski, G. Christen: GUI for Windows in Delphi

Open Topics:

· Visualization of traffic models

Press here to get the information
· A visualization applet for CD++

The CD++ toolkit includes a set of software pieces independently developed that entitle the definition of complex models to be simulated. The main component is a simulation engine; in charge of execute the models defined externally. The engine can be executed in a remote fashion using TCP/IP services. The goal of this project is to entitle the definition of models in a remote fashion, providing a web-based interface integrating the existing tools. Interoperability issues should be attacked, and model interaction using standards for distributed communication (XML, CORBA, etc.) 

III. Discrete-Event modelling

Description

This research area is based on DEVS, a modelling method that enables defining discrete-events systems (such as digital computers, automated plants, computer networks, and many other artificial systems). It is an object-oriented approach based on hierarchical and modular techniques. Its discrete-events nature also allows reducing the execution times of complex simulations. The CD++ tool is one of the existing tools implementing DEVS methods. 

URL: 
http://www.sce.carleton.ca/faculty/wainer/research/tools.htm

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

A. Barylko, J. Beyoglonián, A. Troccoli, E. Glinsky.

Work in Progress

None

Open research topics:

· Model reuse based on Object-Oriented Discrete-Event techniques

At present, an international group of researchers intends to use DEVS as a common standard representation for OO Discrete-Event models. The goal of this project is to provide interoperability between two different DEVS toolkits (DEVSJava and CD++), using XML for intermediate code representation. Consequently, two different sets of tools will be able to share existing models without modifying the original source code. 

· Improving CD++
The CD++ has been developed by a large number of students. At present, the project is being carefully managed and a CVS server has been installed to hold the tool source code. Exhaustive profiling and performance analysis of the tool will be done. Different upgrades will be attacked, including the unification of output generation, allowing dynamic creation of cells, improvement of error message generation and code optimization.

IV. Modelling physical systems using Cellular Models

Description

Cellular Automata have been widely used to model complex physical systems. A CA is an infinite field of cells executing the same instructions synchronously and simultaneously. The proposal of the Cell-DEVS formalism considers each cell of a CA as a discrete events model, hierarchical and modular. In this way, complex models can be defined, using a continuous time base. It also allows associating several kinds of delays for each cell, allowing the definition of complex models easily. 
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URL: 
http://www.sce.carleton.ca/faculty/wainer/research/celldevs.htm
http://www.sce.carleton.ca/faculty/wainer/research/various.htm

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

A. Troccoli. - "Parallel execution of Cell-DEVS".  2001. 
D. Rodríguez. - "Implementation of n-dimensional Cell-DEVS". (1999). 

A. Barylko, J. Beyoglonian - "CD++: an environment for Cell-DEVS modelling and simulation". (1998). 

E. Glinsky. - "Definition of abstract real-time simulators for DEVS models".  (2002) 

Work in Progress

G. Herrero, A. Muzy, A. Lopez

Open Topics:

Different topics can be discussed if interested.
V. Modelling and simulation theory

Description

Different activities have been carried out in the domain of modelling and simulation theory. The Cell-DEVS formalism was defined as an extension of the DEVS formalism. In addition, the GGAD specification language was defined and implemented.

URL:
http://www.sce.carleton.ca/faculty/wainer/research/devs.htm

http://www.sce.carleton.ca/faculty/wainer/research
Work in Progress

L. Morihama, V. Pasuello. - "Validation and verification of DEVS models". (2000-). 
A. Muzy, L. San Miguel. Quantization and dynamic quantization techniques.

G. Christen, C. Dobniewski.- "A specification language for DEVS models". 
Open Topics:

· Validation of the ATLAS modelling language for urban traffic

Press here to access to the information.
· Modelling and simulation of hardware descriptions: the nVHDL standard.

In a related project, a simulated computer was designed using a formal approach. The DEVS formalism was used, due to the discrete event characteristics of the system to be modelled, and the hierarchical nature of the problem. Every component in the system was built as a DEVS component, and basic components were coupled to form a multicomponent representing the hardware architecture. In recent years, the VHDL hardware description language has shown to be useful to describe this kind of systems, but some problems have arisen related to the specification of hybrid and analog systems. The nVHDL is a new standard being developed to solve these problems. In this thesis, the students will define a formal mapping of nVHDL constructions into DEVS models, entitling parallel and distributed simulation of the implemented models.

· Modelling and simulation of continuous and hybrid systems 

Press here to access to the information.
· Validation and verification of DEVS graphs

DEVS graphs entitle the user to define atomic models as state machines and coupled models as a digraph representing the component interconnections. These graphs include explicit timing for state transitions. We intend to provide mechanisms to validate the timing properties of these timed graphs using timed logic. The final goal is to provide an environment entitling the developer to define the system properties through state graphs, simulating the model execution to understand the overall behaviour and modifying undesired properties, and finally executing the model originally defined in real-time fashion.

VI. Parallel and Distributed Simulation

Description

The execution of complex simulations usually requires a computing power that stand-alone computers do not provide. Parallel and distributed systems can be used to improve the performance execution of these systems. At present there are two techniques widely known for distributed co-ordination. The pessimist approaches tries to know the distribution order of the messages, processing them such as to avoid causality errors. Other mechanisms, called optimist, allow a higher degree of parallelism by ignoring the possible causality errors, presuming that the messages will arrive in the correct temporal order. When a causality error occurs, the protocol rolls the simulation back to the state before the time of the recently arrived message. The CD++ toolkit now allow for parallel and distributed execution of Parallel Cell-DEVS models. The Warped kernel was used as middleware. Warped provides an API for running parallel simulation. It currently supports three different kernels: a Time Warp kernel, which implements the Time Warp protocol, a Pessimist kernel, implementing Chandy-Misra protocols, and a NoTime kernel, which provides no synchronization. The parallel simulator has been written to support both kernels. Several open research issues are related with this project.

URL: 
http://www.sce.carleton.ca/faculty/wainer/research/pardevs.htm

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

A. Troccoli. - "Parallel execution of Cell-DEVS". 2001. 
E. Szulsztein. - "Inclusion of conservative strategies in the Warped environment". 2001. 
Work in Progress

None

Open Topics:

· Implementing CD++ on the HLA

· Implementing CD++ on CORBA

· Definition of wireless distributed simulation services.

· Automated load balancing of simulation models

At present, most distributed simulation kernels entitle manual distribution of the workload. This static approach may result in degraded performance, moreover if the system workload varies dynamically. Nevertheless, different algorithms have been proposed in recent years with application in load balancing in distributed operating systems. The goal of this research topic is to entitle automatic workload balancing and the proposal of new algorithms adapted for distributed simulation applications.

· Improving the degree of parallelism of Parallel Cell-DEVS

CD++ entitles parallel execution of Cell-DEVS models. The tool was built using the Warped kernel as middleware. Warped provides an API for running parallel simulation. The simulator is based on the Parallel DEVS techniques. Nevertheless, we have identified a new set of algorithms to create a combination between the standard Parallel DEVS protocols and the Time Warp optimist algorithm. The goal is to integrate both approaches, entitling performance enhancements in the execution of cellular models.

Complex systems simulation usually requires significant amounts of compute time. Therefore, the use of sequential models makes difficult to obtain significant results through simulations. To improve the performance, several approaches for parallel and distributed simulation have been proposed. We have developed different tools for parallel simulation, and developed extensions to other existing ones. We have different projects in this area (details can be discussed with the instructor). The following descriptions show some of the possible topics.

· Modelling and simulation of parallel models using the Warped environment

The goal of this project is to model simple systems using an environment for parallel simulation. One of them includes a manufacturing plant composed by a set of mobile robots, which are in charge of distributed raw material. The plant layout will be analyzed, and used to build a model of the plant distribution facilities. The second includes the definition of a city section of urban traffic. The model represents three different neighborhoods, which are interconnected through a highway. The results will be compared with similar models built using Parallel DEVS models. We intend to run the models in a cluster with 10 processors. According to the quality of the results, we intend to extend the experiments to a 128-node multiprocessor.

· Testing performance of Parallel Cell-DEVS models
At present, we have a Parallel version of the CD++ tool. This tool lets the user to run previously defined model in a distributed fashion. The goal of this project is to analyze performance results of executing CD++ under the different algorithms implemented, trying to identify which are the most suitable to solve given classes of problems.

· Parallel execution of ATLAS

Press here to get the information.
· Running ALFA-1 in parallel 

Press here to get the information.
· Improving performance of complex systems using Parallel Cell-DEVS

Press here to get the information.
· DEVS for handheld devices 

The main goal of this project is to include communication between the CD++ tool and handheld environments. In this way, a user with a handheld can feed a simulation running on a server, which will provide on-line results. This requires using wireless services in the handheld systems, which must be integrated to the modelling tool.

VII. Real-Time Modelling

Description

Real-time systems are built as sets of components interacting with their environment. In several cases, these systems must satisfy "hard" timing constraints. These are highly reactive systems, where the decisions can lead to catastrophic consequences (control systems in avionics, nuclear systems, industrial automation, transport, robotics or telecommunications). In these systems, not only correctness is critical, but also the timing of the executing tasks. Validation of these complex systems can be done with several approaches, but most existing results has not been useful for large-scale systems. In several cases, simulations are used to analyse this validity. Recent research has used DEVS as a framework for Real-time systems modelling. The basic idea is based on the construction of a DEVS Executive based on the abstract DEVS simulators. The DEVS formalism is a timed modelling methodology. Therefore, the timing of each of the executing components can be defined explicitly. The methodology is suitable for the definition of timing properties of real-time systems, which can be validated through simulation. The goal of this research area is to change the simulation kernels into executable kernels that can be applied to DEVS models to execute real-time software.

The goal is to integrate DEVS representations with real time simulators executing the models. The input/output interface will be modified to receive and send data from the environment, entitling the modeller to interact with the environment in real-time. The execution engine CPU time should be characterized to define the timing constraints of the executing models. In this way, real-time execution of the models would be achieved. Execution time of the coupled models co-ordination engines should also be characterized to meet the model timing constraints.

URL: 
http://www.sce.carleton.ca/faculty/wainer/research/rt.htm

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

E. Glinsky. - "Definition of abstract real-time simulators for DEVS models".  (2002) 

L. Li, C. Jacques.
Work in Progress

L. Li: defining interaction with external environment (co-supervised by Prof. T. Pearce).

Open Topics:

· Real-time deadline handling in CD++

A first version of RT-CD++ lets the user to define end-to-end deadlines. The idea is now to include definition of deadlines at the level of atomic and coupled models. In this way, the user can define submodels with timing constraints that can be integrated in the modelling hierarchy.

· A Discrete-event real-time microkernel 

We intend to reduce the services of Real-Time CD++ to a minimum, and to extend the tools in order to be able to access external devices. We want to obtain a microkernel that can be embedded in modern processors, enabling easy definition of discrete-event software running in embedded platforms.

· Real-time models using DEVS Graphs

At present, the CD++ tool allows the user to input new models specifying DEVS atomic models as state machines. These graphs include explicit timing for state transitions, and a graphical notation for coupling atomic models. The goal here is to provide a mapping into executable models meeting the deadlines represented by the timing transitions. The execution of theses atomic models should be integrated with a real-time DEVS kernel entitling the execution of the models in real-time fashion.

· Imprecise computing in Real-time DEVS models

Recent research has used DEVS as a framework for Real-time systems modelling. None of the existing approaches has considered well-known problems in real-time software. For instance, transient system overloading can occur (system failures generating alarm tasks devoted to solve the problem can generate a task load that cannot be supported by the system). The techniques of imprecise computation allow real-time systems to provide controlled degradation under transient overloads. This theoretical framework will be combined with the quantization theory, to provide a technique of imprecise real-time simulations. Quantized versions of a given model can be used deadlines cannot be achieved. Instead, if there is enough time to compute a precise result, a non-quantized version (or a version with smaller quantum) is executed. DEVS formalism was developed to represent systems with a time invariant structure. This approach is not useful for certain Real-time systems, where overloading situations must be considered. In these cases, alternative tasks or controlling daemons should be activated to avoid loosing deadlines in the most critical tasks, supporting faults. 

· Validation and verification of DEVS graphs

DEVS graphs entitle the user to define atomic models as state machines and coupled models as a digraph representing the component interconnections. These graphs include explicit timing for state transitions. We intend to provide mechanisms to validate the timing properties of these timed graphs using timed logic. The final goal is to provide an environment entitling the developer to define the system properties through state graphs, simulating the model execution to understand the overall behaviour and modifying undesired properties, and finally executing the model originally defined in real-time fashion.

· Real-time parallel simulators

A number of algorithms for synchronization in parallel discrete-event simulation have been developed in the last 15 years. These algorithms provide means to avoiding synchronization and causality errors in distributed and parallel simulations. None of these algorithms has considered the execution of the models in real-time fashion. They are intended to execute the models in batch, entitling collection of simulated results to be later analysed. At present, there are a number of applications requiring real-time response of the executing simulators. Therefore, we intend to develop research work related with the execution of simulated models in Real Time, putting special emphasis in distributed environments. The execution of real-time tasks in parallel is an NP-hard problem, but some constrained solutions have been proposed. We will study recent advances in the theory of distributed real-time execution, and try to define if any of the existing approaches is applicable to DEVS modelling and simulation in real-time.

· Integrating a real-time discrete-event modelling tool with IGNATIUS, a SCADA TOOL

· RT-CD++ as a hardware/software codesign methodology

· Building a library of Timed Petri Nets in CD++

VIII. Discrete-Event simulators
Description

Different centralized simulators were implemented: hierarchical, flat, cellular, and cellular flat. Parallel and real-time simulators are described in other sections of this document.

URL:
 http://www.sce.carleton.ca/faculty/wainer/research/tools.htm

http://www.sce.carleton.ca/faculty/wainer/research
Students involved:

A. Barylko, J. Beyoglonian, A. Troccoli, E. Glinsky.

Work in Progress

None

Open Topics:

None 

IX. Decision Support

Description

We want to provide extended facilities for modellers, enabling them to improve the decision making process. We will include extended statistics toolkits combined with the CD++ toolkit.

URL: None

Students involved: None

Work in Progress

None

Open Topics:

Available upon request
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