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1. Research Overview 

Since Dr. Lee joined the School of Industrial Engineering at Purdue University in 2007, he and his 

research team have made significant efforts to develop novel control approaches to the large-scale 

complex systems. These endeavors are in particular from the multidisciplinary perspective, recognizing 

that such an approach is capable of producing the simple yet effective techniques that are applicable to 

large-scale, real-time decision-making problems. The principles behind the approaches are in general 

from the human and biological societies, e.g. social welfare/auction from economics, swarm intelligence 

from biology, and centrality from the study on complex networks. Those principles found in human or 

biological society are similarly applied to the complex systems, giving rise to globally desirable 

performance through local decisions and interactions. 

2. Component-based Software Networks [1]-[6] 

As a result of technological advances, a typical type of software systems has emerged. A large number of 

distributed software components are networked together through a task flow structure, and each 

component may have alternative algorithms among which it can choose to process tasks. However, 

increased complexity and vulnerability to adverse events of such systems give rise to the need for more 

sophisticated yet scalable control mechanisms. In this study a control mechanism is designed to meet 

the need. First, stress environments are implicitly modeled by quantifying resource availability of the 

system through sensors. Second, a mathematical programming model is built with the resource 

availability incorporated and with the stability in system behavior assured. Third, a multi-tier auction 

market is designed for solving the programming model to distribute computation and communication 

overheads. By periodically opening the auction market, the system can achieve desirable performance 

adaptive to changing stress environments while assuring stability and scalability properties. 
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3. Supply Chain Coordination [7]-[11] 

As supply chains become bigger and dynamically structured involving multiple organizations with 

different interests, it is impossible for a center to control a whole supply chain. So, decentralization of 

decision rights is an inevitable facet of managing modern supply chains. However, controlling in a 

decentralized mode can fail without appropriate coordination mechanism. When the agents of a supply 

chain are not willing to cooperate in terms of information sharing, the system can exhibit expensive 

inefficiencies such as the bullwhip effect. We designed a trustworthy coordination mechanism for 

dynamic lot-sizing in distribution networks, as an effort to motivate information sharing. There are 

multiple auctions and each auction coordinates the plans of a supplier and its customers by trading the 

right of managing the supplier’s inventory plan. The designed coordination mechanism is trustworthy in 

that it guarantees right benefits to all the agents in return of information sharing. First, the mechanism 

makes a reasonable profit and divides it in an agreeable way. Second, the mechanism supports truth-

telling environment so that the agents do not lose from strategic behaviors. 

 

Another research that we are recently working on is to the supply chains with green logistics 

operations. Companies are implementing more and more environmental practices. Reverse logistics is 

one of the primary environmental practices companies are considering for their green initiatives. 

Although reverse logistics enables companies to improve their environmental credentials, this complex 

system can hinder the attainment of 

higher economic benefits. This research 

analyzes how RFID information-sharing 

can help the supply chain with reverse 

logistics generate more economic 

incentives by coordinating the inventory 

decisions. In addition, it studies how 

RFID information-sharing changes the 

behavior of the system and determines 

under what conditions the RFID strategy 

attains the highest system profit. 
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4. Wireless Sensor Networks [12]-[16] 

The development of inexpensive and miniaturized wireless sensors enables to use sensor networks for 

risky, difficult, or tedious monitoring tasks. Sensors deployed in a target area report some events or 

transmit sensed data to the base station for further analysis. Sensor networks can be used in variety of 

scenarios including military surveillance, diagnosis of facilities, or environmental alerting. However, 

wireless sensors are limited in their energy and hence the lifetime of sensor networks is finite. Routing 

algorithms determine the efficiency of utilizing distributed energy resources and hence greatly affect the 

lifetime of sensor networks. Social welfare functions, originally used in economics to compute income 

welfare, have been applied to the routing in wireless sensor networks. Since the welfare functions are 

capable of taking into account average and equality together, when overlapped local societies of the 

sensor network try to maximize local energy welfare, globally efficient energy-balancing emerges. The 

routing algorithm designed in this study has additional desirable properties. First, it is robust to diverse 

potential event generation patterns due to the improved preparedness resulting from efficient and 

balanced energy consumptions. Second, it is adaptive to topological changes since sensors are neighbors 

each other and hence they can identify their neighbors just by listening to them. Last, it guarantees no-

loop when we choose appropriate welfare functions, thus prevents from wasting energy without any 

additional mechanism.  
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5. UAV Systems [17]-[21] 

This research addresses a task allocation problem for a team of UAVs (Unmanned Aerial Vehicles) that 

cooperatively performs a search and destroy mission in an unknown region. The UAVs are 

heterogeneous carrying different types and amounts of munitions resources, and limited in 

communications and sensing capabilities. The environment is highly uncertain and dynamic where no 

prior information is available and dynamic events such as 

UAV failures unpredictably occur. The objective of the 

mission is to maximize total reward obtained by destroying 

targets within a given mission horizon. A group of UAVs 

may need to be formed to attack a target because 

individual UAVs may not have sufficient resources for the 

execution of attack tasks. In this research, we propose a 

robust distributed task allocation scheme based on 

resource welfare of which concept is adopted from 

economics. The approach we present enables the UAV 

team to effectively utilize resources by balancing resource depletions and consequently be capable of 

smoothly responding to dynamic events by retaining more UAVs available. While the problem we have 

studied focuses on a UAV team, the proposed approach can be broadly applied to a mobile agent team 

that has limited capabilities and resources performing a mission in a dynamic uncertain environment. 

 

6. Intelligent Shared Environment [22]-[23] 

Ubiquitous computing technology can be effectively utilized in shared environments where there are 

groups of people in close proximity. Intelligent shared environments adapt to their inhabitants through 

adjustable parameters by autonomous interactions between invisible embedded computers. However, 

making decisions in an intelligent shared environment is never-straightforward. The intelligence needs 

to be capable of choosing its parameters to satisfy all of its inhabitants, who have different preferences 

and are heterogeneous in their influences on decision. Given the knowledge of individual preferences, 

the methodology proposed in this research is as follows. First, the heterogeneous society is transformed 

into a homogeneous one by proportional duplication based on social influence structure of current 

context. Second, the Atkinson welfare function with appropriate inequality aversion parameter for the 

current context is used to compute the welfare of each alternative environment. Last, alternative 

environments are ranked and 

the highest-ranked environment 

is chosen. The decisions 

resulting from the proposed 

methodology would correspond 

with social opinions achieving 

common agreement and utility 

maximization.  
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7. Emergency Logistics [24]-[27] 

The world has experienced many natural disasters with the latest being earthquake struck off the coast 

of Japan in 2011, churning up a devastating tsunami that swept over the cities and farmland in the 

northern part of the country. According to the Centre for Research on the Epidemiology of Disasters 

(http://cred.be/), 373 natural disasters killed over 296,800 people only in 2010, affecting nearly 208 

million others and costing nearly $110 billion. More seriously, it is predicted that more disasters will 

occur in the future due to unplanned urbanization, environmental degradation, and climate change. The 

impact and rising occurrence of the catastrophic natural disasters lead to the urgent need for the 

efficient yet effective management tools for the emergency logistics. A critical challenge is to the 

emergency commodity logistics that involves transporting relief commodities (e.g., food, water, and 

medical aids) to victims, in order to support basic living needs for those trapped in disaster-affected 

areas. Response time here is the time taken to deliver the commodities to victims, and it is a critical 

performance measure affecting their welfare and, more importantly, survival. Thus, the objective of the 

emergency commodity logistics is to minimize the response time by appropriately routing the available 

fleet over time in the highly disorganized disaster scene. 

 

The goal of this research is to develop a solution to the emergency commodity logistics problem, 

which is responsive to unpredictable events inherent to the disorganized disaster situations, while being 

compatible to the common decision patterns of human operators. In the system architecture, individual 

operators asynchronously make routing decisions responsively to the events they encounter, based on 

the ranked list of alternative demand sites for next visit provided by a central information repository and 

his/her own perception and constraints on the current situation. The key research question in this 

scenario is to the ranking rule that governs the performance of the logistics operation. We pursue two 

requirements for the ranking rule: 1) it has to be well correlated with the performance and 2) it also has 

to be compatible with the bounded rationality of human operators. This architecture respects human 

operators in addition to the performance from the viewpoint that the operators are the foremost 

executors of the commodity logistics. In fact, 260 humanitarian aid workers were killed, kidnapped, and 

seriously injured, and the toll is even rising. We do believe that the disregard of their perceptions and 

constraints is partly responsible for the insecurity. Therefore, the outcome of this research will largely 

contribute to saving the victims of disaster as well as the operators who are trying to save the victims.  
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The core function of this architecture is the generation of the ranked list of alternative demand 

sites that governs the performance of the logistics operation. We have recently developed several 

ranking rules in the context of ambulance logistics that are transferable to the emergency commodity 

logistics, because they share key characteristics: both problems involve vehicle routing especially aiming 

to minimize the response time, and the logistics operations in both problems are centered in logistics 

hubs (i.e., hospitals in ambulance logistics and supply depots in commodity logistics). The rules are 

capable of supporting the real-time decisions in large-scale logistics operations. Therefore, those rules 

can effectively serve as the bases on which the solution to the commodity logistics problem can be built. 

The rules include centrality from the study of complex networks, preparedness from economics, and 

parallelism rules as briefly presented as follows in the context of ambulance logistics. 

 

 Centrality: When a unit has just got freed and finds calls waiting, it has to choose a call among 

them. The centrality rule prioritizes the calls by the notion of centrality from the study of 

complex networks. The centrality of a node in a network indicates the importance of the node in 

the operational efficiency of the network. A higher priority is given to the call that is closer and 

at the same time more centrally located with respect to other calls. When a freed unit is 

assigned to the most central call, the call plays a role as a hub through which the unit can 

efficiently reach other calls upon the completion of the immediate service. 

 Preparedness: When a newly arriving call finds idle units, a unit has to be selected among them. 

The preparedness rule prioritizes the units by an index that combines closeness and 

preparedness. The preparedness represents the importance of a unit in readiness for future calls 

over the service area. The service area is divided into zones and zone preparedness levels, 

resulting from dispatching each alternative unit, are computed. The preparedness of the entire 

service area is then computed by aggregating the individual zone preparedness levels using 

social welfare functions. 

 Parallelism: The two rules mentioned above consider only the idle units in their ranking 

processes. The parallelism rule takes into consideration both idle and busy units in parallel in the 

ranking process rather than just idle units. This is due to the possibility that a busy unit can serve 

a call quicker than an idle one even though the busy unit serves the call after the completion of 

the currently assigned service. 
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