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1. Research Overview 
 
Since Dr. Son joined the Systems and Industrial Engineering Department in 2000, he and his 
research team have made significant efforts to develop the new field of Distributed Federation of 
Multi-paradigm Simulations and expand the field of Computer Integrated Control to encompass the 
Extended Manufacturing and Service Enterprises.  Figure 1 depicts an overview of Dr. Son’s 
research, including a major research theme, applications, and enabling methodologies and 
technologies. 
 

 
 

Figure 1: Overview of Dr. Son’s research (theme, applications, and enabling methodologies) 
 
In particular, Dr. Son has developed 1) a new modeling framework based on a distributed federation 
of multi-paradigm simulation models, 2) a new integration platform based with emerging 
information and distributed-computing technologies, and 3) several original reference and 
information models.  Together, these elements enable the coordination of data-driven, multi-scale, 
networked-federated simulation, decision, and execution modules that facilitate real-time decision-
making and control.  By introducing new modeling support technology, Dr. Son’s research has 
enabled ambitious, yet cost-effective, analysis and control of large, complex enterprises with major 
implications for profits, productivity, and information security. 
 
To facilitate this research and enhance its impact, Dr. Son’s team has focused heavily on obtaining 
external funding and publishing in refereed journals and conferences.  His team’s successes in these 
endeavors have helped them to establish a body of refereed journal papers (over 50) and refereed 



 

conference papers (over 50), many of which have generated awards and queries from industry and 
other university researchers.  The modeling framework and platform that he has developed has 
facilitated significant advancements in two specific areas of current academic and real world 
interest: 1) real-time automated shop floor control systems and 2) integration of shop floor planning 
and control with supply chain coordination.  The foundation for both has been the collection of 
data-driven, networked-federated, multi-scale models referenced above. 
 
In addition to manufacturing, Dr. Son has also used that foundation to investigate other emerging 
applications such as human decision-making, homeland security, social networks, distributed 
energy networks, and cellular biology.  Each of these themes is discussed below. 
 
2. Real-time Automated Shop Floor Control System Research 
 
In the modern manufacturing system, varied product mixes and shortened lead times are key 
elements.  This often requires existing shops to make changes in fabrication equipment, product 
materials, and management philosophy to survive in the global arena.  It is important to have an 
adaptive, real-time control system that can deal easily with such changes.  Dr. Son’s research into 
adaptive, real-time, shop floor control began with formal models for machine control and has grown 
to encompass cell, shop, and finally supply chain (see Section 3) interactions.  This represents a 
natural and vital progression in scope and sophistication. 
 
2.1 Real-time Shop Floor Control System 
 
In this research, Dr. Son’s team has developed data-driven, simulation-based shop floor control 
systems that involve real-time decision-making and adaptive monitoring modules that can be 
integrated into various control architectures, including hierarchical, fractal, and hybrid.  To cope 
with shop floor dynamics, these modules use a variety of formal and simulation models that provide 
evaluative and predictive analysis capabilities in response to observed changes (see Section 2.2).  
These capabilities require process plans that contain the alternatives to be evaluated in support of 
real-time decision-making (see Section 2.3).  Dr. Son has developed an online, simulation-based 
decision-planner in which a simulation model relies upon real-time shop floor data and embedded 
learning algorithms that improve decisions dynamically based on past performance (Son et al., 
2002).  These algorithms use reinforcement learning enhanced with fuzzy logic. 
 
2.2 Resource/Information Modeling 
 
In this research, Dr. Son’s team has developed a formal-modeling approach for representing 
complex manufacturing environments and techniques for automatically generating detailed 
simulation-based controllers based on those models (Son et al., 2003).  This approach significantly 
reduces the normally high costs and lead times of control system development.  It also dramatically 
reduces the effort required to change control system software when the manufacturing environment 
changes. 
 
2.3 Validation of Alternative Process Plans 
 
To support the research described above, process plans must contain alternatives (resources, 
operations, or sequences) so that the control system can respond to dynamic conditions in the shop.  



 

In this regard, Dr. Son’s team demonstrated the benefits of such alternatives in a dynamic shop floor 
environment.  Construction of process plans involving the temporal precedence relationships among 
alternatives is difficult and hard to validate.  To resolve this problem, Dr. Son’s team developed a 
methodology, where the plans are validated in terms of feature interactions, feature interferences, 
and feature manufacturability (Jang et al., 2003).  This work has significantly reduced the cost and 
time required for the production of a controller friendly process plan. 
 
2.4 Multi-paradigm Simulation 
 
In this research, Dr. Son developed a multi-paradigm simulation-based architecture to support the 
coordination of shop floor scheduling and production planning.  This architecture consists of system 
dynamics (SD) components for enterprise-level planning and discrete event simulation (DES) 
components for shop-level scheduling (Venkateswaran and Son, 2005).  Feedback control loops are 
employed at each level to monitor performance and update control parameters.  He has extended 
this research to supply chain networks (see Section 3.2 below). 
 
3. Distributed Federations Approach for Enterprise Control and Coordination 
 
Dr. Son and his team have expanded their shop floor control research described above to encompass 
supply chain interactions.  It is believed that the proposed work is one of the most comprehensive 
approaches to modeling and understanding collaborations between supply chain partners. 
 
3.1 Coordination of Distributed Federation of Discrete-Event Simulations 
 
When integrating distributed, federated simulations into a single environment, local simulation 
clocks must be synchronized so that events in each federate execute in the correct order.  To ensure 
that this happens, Dr. Son’s team developed a time-synchronization approach that allows federates 
to advance their local clocks at full speed to the minimum estimated next federation time interaction 
event (Rathore et al., 2005).  This is calculated by a look-ahead algorithm at each federate.  The 
proposed approach avoids much of the communication overhead typical of other approaches, and is 
designed so that federates do not generate events requiring a roll-back. 
 
3.2 Hierarchical Supply Chain Planning 
 
In this research, Dr. Son’s team developed an innovative methodology that allows a multi-scale 
federation of interwoven hybrid simulations (a supply chain-level system dynamic simulation and 
factory-level discrete event simulations) and decision models to carry out an integrated analysis of 
stability and performance across a supply chain network (Son and Venkateswaran, 2007).  This 
methodology is comprised of four stages: stability analysis, plan optimization, schedule 
optimization, and decision evaluation.  Plans generated according to the new approach are more 
robust against future disturbances and more amenable for implementation than those generated 
using conventional methods. 
 
3.3 Supply Chain Control via Dynamic Data-driven Adaptive Multi-scale Simulations 
(DDDAMS)  
 
Due to complexity and dynamicity inherent in supply chains, a simulation-based supply chain 



 

control system must handle massive datasets (which present quite a computational challenge) for 
monitoring and deducing optimal decisions.  In this research, Dr. Son’s team developed a dynamic, 
data-driven adaptive multi-scale simulation to adjust the fidelity of a simulation model adaptively 
against available computational resources by incorporating dynamic data into the executing model, 
which then guides the measurement process for selective date update (Koyuncu et al., 2010).  The 
DDDAMS has been implemented successfully for a semiconductor manufacturing supply chain, 
reducing the production cycle time significantly. 
 
3.4 Distributed Computing Infrastructure Research Supporting Virtual Enterprise 
Integration/Interoperability 
 
In this research, Dr. Son’s team developed an approach, using semantic web services, to the 
integration and interoperation of a design house and a manufacturer that may have had no prior 
relationship (Kulvatunyou et al., 2005).  The properties and capabilities of the manufacturer’s sites 
were defined using the DARPA Agent Markup Language (DAML) ontology definition language.  
This work was later extended to develop a new modeling approach combining enterprise and 
simulation modeling, where the enterprise model is used to define the business processes of a 
virtual enterprise, which are then evaluated via distributed simulation.  Finally, they developed an 
infrastructure, which is based on ubiquitous web service technology and the HLA 1516 IEEE 
standard, to allow an integrated collection of multi-scale models that support the simulation, 
decision and control functions to interact with transducers. 
 
4. Extension of Coordination of Distributed Federations to Other Emerging Applications 
 
Dr. Son’s research program for manufacturing system networks and distributed federation of multi-
paradigm simulations has been applied to a variety of fields, including human decision-making, 
homeland security, multi-organizational social networks, distributed energy networks, cellular 
biology, and server process management. 
 
4.1 Human Decision Behavior Modeling under an Extended BDI framework 
 
In this research, Dr. Son and his team developed an extended Belief-Desire-Intention (BDI) 
framework for human decision behavior modeling (see Figure 2) (Lee et al., 2010).  To mimic 
realistic human behaviors, attributes of the extended BDI framework are reverse-engineered from 
human-in-the-loop experiments conducted in the CAVE virtual reality environment.  They have 
applied the framework to various scenarios including 1) error detection and resolution by people in 
a manufacturing facility, 2) evacuation behaviors under a terrorist bomb attack, 3) a virtual stock 
market, and 4) evacuation behaviors under fire in a factory. 
 
 



 

 
 

Figure 2: Dr. Son’s Extended Belief-Desire-Intention framework and major applications 
 
4.2 Homeland Security Applications 
 
In this research, Dr. Son’s team integrated a harbor network model with multiple security inspection 
models, constructed a comprehensive emergency response simulation integrating crowd, metro, and 
plume simulations, and analyzed critical national infrastructure interdependencies.  The impact of 
this research has been significant in both economic and social terms. 
 
4.3 Multi-Organizational Social Network 
 
In this multi-disciplinary research (collaborating with researchers in MIS and Management), Dr. 
Son’s team developed an integrated simulation modeling framework, which allows stakeholders in a 
social network to perform what-if analyses before making decisions (e.g., workforce assignments) 
in the community-based software development process (Lee et al., 2009; Celik et al., 2009).  
Proactive what-if analyses significantly reduce the development cost of a community-based 
software system.  This work has been successfully applied to an enhancement request process for 
Kuali, a community-based open source software development project involving 12 organizations. 
 
4.4 Modeling and Management of Distributed PV Generation, Storage, and Grid 
 
Dr. Son’s team developed a flexible capacity planning tool using system dynamic and agent-based 
simulations, which finds the optimal mixture of energy derived from solar generation and storage 
while meeting reliability requirements against fluctuating demand and weather conditions (Mazhari 
et al., 2010).  They later extended it to consider operational decisions (e.g., store energy or sell it to 
grid).  The work has significant potential impact from both economic and environmental 
perspectives. 
 
5. Summary 
 



 

In summary, Dr. Son’s team has made significant research accomplishments with more than 100 
publications in refereed journals and refereed conferences.  Dr. Son’s research activities have been 
funded by NSF, Air Force Office of Scientific Research, NIST, Federal Highway Administration, 
Sandia National Lab, Science Foundation of Arizona, Arizona Information Technologies and 
Commerce Institute, BIO5, Boeing, Raytheon Missile Systems, Samsung, Motorola, APS, Peabody, 
and several application software companies.  In addition, he has made significant efforts to expand 
the research to other emerging fields.  Dr. Son will further expand his research with effective 
decision-making schemes involving data fusion and knowledge discovery for other information-
intensive applications in highly distributed environments, such as sustainable societies, electricity 
grids, and medical diagnosis. 
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