Purpose and Objectives of Proposed Request
The specific objectives of this proposal are:
· To perform a large-scale literature review on Discrete Event Simulation (DES) model development methodology and interoperability issues among different DES software available on the market.
· To define a domain specific neutral data model that could serve as a data source for other potential analytical models.
· To generate a database from the neutral data model.
· To develop a framework for a data-driven DES model generation methodology.
· To investigate and track the DES software which supports 3D virtual images for verification and validation, database connectivity, and its own library customization capability.
· To develop a prototype using a generic job shop environment as a test bed.
· To test the proposed framework using a prototype.
· To write research papers and/or to seek external research proposals.

Background and Hypothesis
	Discrete Event Simulation (DES) has been a powerful tool to design, analyze, and evaluate real-life manufacturing systems where analytical solutions are difficult to obtain or do not exist (Kelton et al., 2007). Currently, a number of commercial DES products are available on the market. For example, “FLEXSIM”, “ARENA”, “PROMODEL”, “WITNESS”, and “EXTEND” are some of the leading products. According to Son et al. (2003), most DES software uses one or more of the following model building methods: natural language interfaces, graphical interfaces, interactive interfaces, resource and process descriptions, and the use of the production-resource and execution models. Many also have their own user interfaces for data format, structure and interfaces, which adds extra complexity for interoperability among DES software. However, it should be emphasized that each DES uses almost the same or at least similar data requirements to develop a model in a given domain. In general, building a DES model is known to require a significant amount of model development and modification time and effort over the development life cycle.  For example, in addition to the initial model development, the model verification and validation processes usually require frequent modifications of the initial model to make sure that the model is built as intended (verification), and the model generated outputs are close enough to the behavior of the real system (validation). Hence, the entire model development life cycle usually requires considerable time and effort for even experienced users and developers. For this reason, DES model development and its application to real systems are considered as a highly technical work. 
There have been many researches to overcome the DES model development time issue. One of those is to use a graphical approach (Au et al., 1994; Randhawa et al., 1996; Benjaafar, 1992) or a description-based modeling method such as IDEF suite to capture the domain information descriptions and to generate a simulation model from those descriptions. For example, KBSI (1995) commercialized the ProSimTM which generates a WITNESS model from the information captured by IDEF3 process capture method, and Resenburg et al. (1996) also generated a SIMAN based-DES model from an IDEF3 model. Son et al. (2003) used EXPRESS schema to build an Arena based DES model.
	Each product has its own data structure, which prevents easy access and data reusability across products. Considering the fact that the data collection is one of the most time-consuming processes in any model development project, it is critically important and useful to have a systematic approach in order to reuse the collected data across products and tools. The principal investigator (PI) noticed that many products have their own data structure to improve the performance within its own platform. For example, some store their data in the tree structure and others use a direct text file format, and etc. Regarding this sense, both the IDEF3-based approach by KBSI (1996) and Resenburg et al. (1996) have a limitation since the data was tied with their own IDEF3 product. Although Son et al. (2003) overcame this issue by using EXPRESS schema; its testbed used for their prototype was too simple to evaluate any generality and significance of their approach.
	To overcome the limitations found in the previous researches, the principal investigator (PI) proposes a framework where a neutral relational data model is used as a data source, and several DES models from different DES products could be automatically generated from that neutral data model. The neutral data model is a software independent data model, supporting the logic and objects required in the domain specific DES software. Hence, it should be robust enough to be shared by any DES software. In this way, the software-specific components and the common data components are separated, and data reusability is guaranteed as long as the software provides the database connectivity function. Jeong et al. (2004) defined the neutral data model components for a simple job shop. They found out that “Part”, “Equipment”,” “Operator” and “Buffer” are common structures in any job shop and DES. Now the PI tries to extend this previous work by considering a more generic domain and a technically advanced DES product as a prototype. In other words, this work could be considered as extension of many previous works with a more complex and realistic generic job shop environment with multiple product types. The basic concept is described in Figure 1 where a total system consists of an independent database (data model) and the “Model Generator” (Mapping Function). First, the domain-specific neutral simulation components are defined, and the neutral data model is designed based on those neutral simulation components. Then, this neutral data model is converted to a neutral database with data. 
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“Model Generator” uses the schema and data in the neutral data model, and it could translate that information into a product-specific DES model by controlling and mapping the information stored in the neutral data model into the basic library objects in each DES product (e.g., DES product A or Product B in Figure 1). Hence, some initial programming effort is required to develop the Model Generator and its interface with a specific DES product. However, the PI claims that this initial effort is insignificant compared to the potential benefits from the framework proposed over the DES model development life cycle. End users could reproduce several different versions of a model (e.g., Model Version 1 or Model Version n, etc in Figure 1) whenever the model is updated.
To evaluate the feasibility of the framework, a prototype is going to be developed using a reasonably complex generic job shop with multiple product types as a test bed. Hence, the most three important specific tasks are 1) to define the generic simulation components in a general job shop, 2) to develop a robust data model, and 3) to develop a solid mapping scheme from the data model to predetermined DES software. The PI adopted “FLEXSIM” as a target product. “FLEXSIM” is one of the latest DES products available on the market. It supports the database connectivity as well as Open 3GL-based 3D animation capability that is extremely useful for model verification and validation. Another advantage is the flexibility offered by the C++ based object-oriented structure where experienced users could customize and develop their own simulation product within FLEXSIM platform.
	With this prototype, the PI is going to evaluate the flexibility and scalability of the framework. It is expected that end users do not need to control or change anything in FLEXSIM. Instead, all model development processes are controlled in the database. Users could easily change parameter values in the database, and a new DES model is going to be automatically developed based on these updated parameter values. Therefore, it is expected that the end users who do not have significant DES knowledge but have significant domain knowledge could most benefit from this framework.

Significance of the Request
	The proposed research is expected to enhance our general capability to develop and use DES as a decision support tool to solve complex problems. The specific contributions of this study include:
· Securing automatic DES model generation skills: As enterprise business processes become more complex, the importance of DES as a decision support tool increases. The increased size and complexity of target problems create wider scale and scope of the model development process. Hence, the importance of the automatic model development skill is increased to save time and to improve the effectiveness of the model development and maintenance processes. Through this framework and the prototype, the PI and Engineering Management Program will secure the advanced DES model generation technology particularly associated with the advanced 3D simulation software.  Also this technology could be easily extended to other domains using different DES software.
· Contribution to the interoperability among different DES products: Interoperability among DES products is of interest to many researchers and a public agency such as DoD which heavily uses DES as one of the decision support tools. By defining the neutral data model and separating data from the software specific components, it is expected to improve the interoperability among different DES products.
· Contribution to simulation projects: Through this framework, it is expected to reduce total DES model development cycle time, contributing to extending the potential user base to solve complex real life problems where no closed form or analytical solution approach exists. 

Dissemination/Use of Results
	The results of this project will be used to 1) write research papers, 2) present the papers at a top international or national simulation conference, 3) develop external research proposals, and 4) serve as a basis for future research

Procedures/General Work Plan/Methodology
	Task Name
	Time Frame (Month)

	
	1
	2
	3
	4
	5
	6
	7

	1. Tool analysis and learning
	 
	 
	 
	 
	 
	 
	 

	2. Concept generation and requirement gathering
	 
	 
	 
	 
	 
	 
	 

	a. Perform a literature survey
	 
	 
	 
	 
	 
	 
	 

	b. Identify a gap
	 
	 
	 
	 
	 
	 
	 

	c. Design a framework for DES model generation
	 
	 
	 
	 
	 
	 
	 

	d. Define neutral simulation components in a given domain
	 
	 
	 
	 
	 
	 
	 

	3. Framework design
	 
	 
	 
	 
	 
	 
	 

	a. Define neutral data requirements for a selected domain
	 
	 
	 
	 
	 
	 
	 

	b. Design neutral data model based on the requirements
	 
	 
	 
	 
	 
	 
	 

	c. Analyze DES data structure and backbone in Flexsim
	 
	 
	 
	 
	 
	 
	 

	d. Design mapping functions from data model to Flexsim 
	 
	 
	 
	 
	 
	 
	 

	4. Feasibility test
	 
	 
	 
	 
	 
	 
	 

	a. Manually build DES model based on the data model
	 
	 
	 
	 
	 
	 
	 

	b. Evaluate the process and feasiblity
	 
	 
	 
	 
	 
	 
	 

	5. Prototype development & Test
	 
	 
	 
	 
	 
	 
	 

	a. Develop the mapping function
	 
	 
	 
	 
	 
	 
	 

	b. Test and evaluate mapping function and the prototype
	 
	 
	 
	 
	 
	 
	 

	6. Paper & Proposal submission
	 
	 
	 
	 
	 
	 
	 

	a. Prepare a research paper
	 
	 
	 
	 
	 
	 
	 

	b. Identify potential outside funding opportunity
	 
	 
	 
	 
	 
	 
	 

	c. Proposal submission for outside funding
	 
	 
	 
	 
	 
	 
	 

	d. Overall project performance assessment'
	 
	 
	 
	 
	 
	 
	 




Duration of Request/Time Frame
	The expected duration of this project is from June, 2009 – December, 2009, which should be sufficient for the PI and RA to complete the project plan.

Equipment/Facilities
This research shall need the following software:
· DTM Data Modeler (IDEF1X based data model designing tool)
· FLEXSIM Discrete Event Software
· Computer

Budget Summary & Justification
	This project requests total $4,799 for seven months. The specific items are:
· Research Assistant: $4,620
· 7 month support for 20 hours per week at a rate of $660 per month 
· DTM Data Modeler Software: $179
· Academic version: 1 license $179

Cost Share Support from Program/School
	The PI will request the school/program to support travels to conferences for presenting paper of this project through the Faculty Development Fund (FDF). The program and the school will also provide software and hardware necessary for this project – PC and FLEXSIM Software.
	As indicated in the CV in Appendix 2, the principal investigator (PI) has published around 15 articles in peer-reviewed journals and conference proceedings. As a new tenure-track faculty, the PI is interested in applying for appropriate research grants from government agencies (e.g., NIST, NASA, and Air Force Research Lab), a private sector (e.g., semi conductor manufacturers, or discrete part manufacturers, or simulation software developers). 

Appended Materials

References (Appendix 1), my short bio (Appendix 2), and DTM Data Modeler order form (Appendix 3) are attached to support this proposal.
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