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1. Research Overview 

Dr. Yoo joined the Department of Industrial & Manufacturing Engineering & Technology at Bradley 

University as an assistant professor in 2010. He and his research team have been working on optimal 

solution approaches (Yoo, et al., 2008a) and heuristic algorithm developments (Oh et al., 2007) for 

Artificial Intelligence (AI) Planning problems. He has formulated Web service composition as an AI 

planning problem and proposed an integer programming (IP) framework for the optimal Web service 

composition result. He has incorporated semantic relationships in Web service parameters, such as 

hierarchical relationship or equivalence, into the IP formulation. The Web service composition software 

he developed was awarded two times in IEEE Web service competition (Oh et al., 2007 and Yoo, et al., 

2008a). In addition, he discovered that interface-based modular product design can be also formulated as 

an AI planning problem. He has made significant contribution to modular product design by proposing 

cyberinfrastructure-based modular product design framework and by developing a novel product design 

algorithm for modules with standard interfaces. In this article, each research subject that Dr. Yoo has been 

working on is discussed briefly. 

 
Figure 1. Enabling technology for Web service composition 

2. Semantic Web Service Composition 

Web service is a state-of-the-art, leading method for providing a variety of real-time technologies in the 

World Wide Web environment. Web service technology is based on Service Oriented Architecture, which 
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is the foundation for Web services. Figure 1 shows the components of the architecture. Especially, UDDI 

(Universal Description, Discovery and Integration) and WSDL (Web Service Description Language) are 

key enabling technology for Web service composition. For a simple query, invoking only one Web 

service is sufficient. However, to answer a complicated query, multiple Web services would need to be 

invoked in an appropriate sequence. The sequence would need to include branching and merging scheme 

in the Web service invocation, which means that some Web services would be invoked in parallel and 

others be invoked in serial. The task of arranging relevant Web services to answer a complex query is 

called Web service composition. Figure 2 depicts an example of Web service composition for urgent 

blood delivery.  

2.1 Mathematical Framework 

Dr. Yoo has developed an Integer Programming-based Web service composition framework considering 

non-functional objectives and constraints, in addition to the syntactic matching of Web services 

parameters (Yoo, et al., 2008a). When Web services are fully deployed and commercialized in the near 

future, the objectives of Web service composition will vary depending on users’ needs or preferences, 

including the number of Web services and non-functional objectives, such as costs, time, and/or 

reputation. Such non-functional attributes cannot be easily considered in previous planning-graph, 

constraint satisfaction, or propositional satisfiability techniques, which are logic-based. His work 

demonstrates how the proposed Integer Programming framework can be utilized to compose Web 

services with non-functional attributes. 

 

Figure 2. An example of Web service composition: Urgent blood delivery 
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Dr. Yoo has also addressed semantic issues to decrease semantic discrepancies in engineering problems 
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based knowledge representation (Yoo, 2010). For your information, Figure 3 depicts the relationship 

between World Wide Web and Semantic Web. The integration successfully resolves hierarchical 

relationship and equivalence relationship issues among the input and output parameters of Web services. 

The semantics consideration makes web service composition procedures significantly intelligent. 

Otherwise, numerous composition opportunities can be lost due to semantic discrepancy. His semantic 

propagation formulation has made major progress to reconcile semantic discrepancy. 

 

Figure 3. World Wide Web and Semantic Web 

3. Modular Product Design 

Modularization of parts allows part definitions to be kept in a machine-readable form, making it possible 

to define a part based on its input interfaces, output interfaces, behaviors and geometric information 

(Godthi et al., 2010). The machine-readable representation of parts enables manufacturing companies to 

more efficiently identify parts suppliers in global and virtual environments. Such representation also helps 

automate modular product design during detailed parametric design phases. Dr. Yoo’s research shows 

that modular product design can be formulated as an AI Planning problem, and he has proposed a 

cyberinfrastructure-based framework for computational modular product design. He has developed 

optimal solution approaches based on mathematical programming (Yoo et al., 2009, Yoo and Kumara, 

2010, and Yoo et al., 2012) and branch-and-bound technique (Yoo and Aryasomayajula, 2012). He has 

also incorporated geometric constraints in his mathematical model (Yoo, 2011). He is currently working 

on a heuristic approach for the problem. 

3.1 Cyberinfrastructure for Modular Product Design 

Dr. Yoo has proposed a cyberinfrastructure-based collaboration system for modular product design (Yoo 

et al., 2012). One of the main components of the system is a design repository to which suppliers can 

upload the descriptions of their components using machine-readable, interface-based component 

description language, so that manufacturers can refer to the descriptions during product design processes. 
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A conceptual model for the proposed cyberinfrastructure is illustrated in Figure 4, in which the input and 

output interfaces of the parts are described in a machine-readable form using eXtensible Markup 

Language (XML), assuming that parts have high modularity. The infrastructure shown in Figure 4 can be 

owned by a manufacturer or by an industry. Part suppliers share their part descriptions with manufacturers 

by uploading the descriptions to each manufacturer’s system. Then, the descriptions of newly introduced 

parts and those of existing parts are stored in the design repository of each manufacturer. After then, the 

manufacturers can design a product considering design parameters and constraints. 

 
Figure 4. Cyberinfrastructure based framework for modular product design 

3.2 Mathematical Formulation 

Customer preferences change rapidly and require manufacturing processes with shorter product 

development cycles. Modularization plays a key role in achieving mass customization, which is crucial in 

today’s competitive global market environments. Standardized interfaces among modularized parts have 

facilitated computational product design. Figure 5 shows an example of interface-based modular product 

design for a personal computer. Dr. Yoo has developed a Binary Integer Programming model for 

interfaced-based design (Yoo et al., 2009 and Yoo et al., 2012). Furthermore, he has also designed a 

mixed integer programming formulation in order to incorporate product size and weight constraints 

during computational design procedures (Yoo, 2011). Product size and weight are one of the most 

important design parameters, as evidenced by recent products, such as Apple i-Series products. In this 

research, he focused on the integration of geometric and weight constraints into interface constraints into 

the mathematical model. 

3.3 Branch-and-Bound Technique 

Dr. Yoo has developed an efficient algorithm based on a branch-and-bound algorithm to design a product 

using the interface-based component descriptions stored on the digital design repository (Yoo and 

Aryasomayajula, 2012). Interface-based modular product design problem is categorized into a planning 

problem, whose complexity is known as NP hard (Yoo and Aryasomayajula, 2012). The development of 

Design 
Parameters

Machine-Readable 
Representation of PartsGlobal Design

Repository

Design 
Constraints

Suppliers

Manufacturer’s
Design Repository

Computational
Product Design

Software

Newly Introduced Parts from All over the World

Selected Parts and their Assembly Sequence

Existing Parts

1 2 3

China Korea Mexico India Taiwan



5 
 

a heuristic algorithm that generates a high quality solution within a reasonable amount of time is the final 

goal of the research. The algorithmic approach based on branch-and-bound method is an intermediate step 

to the final goal. 

 

Figure 5. An example of interface-based modular product design 

4. Other Research Work 

Although Web service composition and modular product design have been major research subjects Dr. 

Yoo has been working on, he also made significant contribution to (1) trading agent technology for 

supply chain management (Dogan et al., 2008), which is an application of artificial intelligence (AI) for 

automated management of supply chain operations, and (2) efficient operations of AGV (automatic 

guided vehicle) systems by avoiding deadlock (Yoo et al., 2003 and Yoo et al., 2005). In addition, 

recently, he has proposed a healthcare service collaboration framework utilizing medical coding system 

(Yoo and Gnanasekaran, 2012). 

5. Current Research 

Currently, Dr. Yoo is working on the performance improvement of his mathematical and algorithmic 

models for AI planning. He strongly believes that community detection technique using Complex 

Network Theory can identify relevant Web services and exclude irrelevant Web services before the 

composition processes. In other words, the size of problems can be significantly reduced. In addition, he 

is working on the development of a heuristic algorithm for interface-based modular product design 

problems, so that interface-based modular product design can be applicable in a real-time mode. 

6. Summary 

As aforementioned, Dr. Yoo has made significant research contributions to semantic Web service 

composition and interface-based modular product design, which are two recently identified real-world 

applications of AI planning, and is working on the performance improvement of his approach. Different 

from current practices in Web service businesses, the approaches developed by Dr. Yoo will provide 

Internet users with unprecedented ways of using services on the Internet, which can fundamentally 

change both the business models of Internet service providers and the way in which Internet users use 
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Web services. Also, the method for interface-based modular product design developed by Dr. Yoo will 

dramatically change the current product design practices of manufacturing companies. Currently, Dr. 

Yoo’s approach can be applicable for highly modularized products. However, as the level of modularity 

increases, which is a current trend, the applicability of the method developed by Dr. Yoo will 

significantly increase. 
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