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Abstract 

This dissertation focuses on developing mathematical models for design and analysis of large-scale 

logistics systems, especially those under competition and uncertainties. Logistics systems generally 

involve multiple interacting stakeholders who endogenously make decisions based on their individual, 

sometimes conflicting, objectives. Meanwhile, many of such systems may be disrupted from time to time 

under extreme threats (e.g., natural or human-induced disasters). These endogenous and exogenous 

factors often adversely impact system performance and result in significant societal disutility.  

First, we develop continuum approximation (CA) based game-theoretical models to study a reliable 

competitive location problem between two companies where facilities are simultaneously subject to (i) 

symmetric or leader-follower types of competitions, and (ii) location-dependent probabilistic failures. The 

goal is to design the optimal facility locations to maximize the expected profit under normal and failure 

scenarios. In light of this, our model captures both Nash competition and bilevel leader-follower 

Stackelberg competition. The solution approach we developed is able to effectively solve the models. 

Numerical experiments with hypothetical data and a case study for competitive biofuel supply chain 

design in the State of Illinois are conducted to reveal managerial insights. 

Second, we propose a systematic optimization framework to analyze how biofuel supply chain decisions 

are affected by (i) crop yield/supply uncertainty, (ii) refinery disruption risks, and (iii) competition against 

existing food supply chains. The interactions among the biofuel industry, farmers and food industry are 

captured by a Stackelberg-Nash game, formulated under a CA scheme. A series of numerical experiments 

are conducted for both hypothetical test cases and a Midwest case study to (i) show computational 

performance and robustness of the modeling approach, (ii) analyze the impacts of system parameters, as 

well as (iii) draw managerial insights in realistic settings. 

Third, we propose a heuristic modeling framework to overcome the challenge that applying CA in solving 

dynamic facility location problems. We analyze the accuracy and convergence of our modeling 

framework and conduct numerical experiments to verify its performance. The model and the solution 

procedure we proposed are very generic and flexible; thus, it can be extended to variants (e.g., 

incorporating existing facilities at the beginning of the horizon). 

Finally, we investigate a difficult trilemma: with limited farmland, how do the government stimulate the 

growth of the biofuel industry while, at the same time, protect food security and preserve environmental 

sustainability? Our framework is applied to address such multiple cross-interacting systems associating 

with the biofuel industry development in a broader context. We aim to provide policy guidelines on 

governmental mandates to induce socially favorable farmland use configurations to support a sustainable 

bio-economy.   


