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Research Statement 

  
 
RESEARCH INTERESTS 
 
After 15-plus years in industry, I have observed and experienced the inefficiencies associated with 
decision making. Data is not always efficiently utilized. Decisions are often made qualitatively, 
reactively, and without consideration for the overall system. My  primary academic interest is to 
develop mathematical models that solve these problems. Specifically, I am interested in 
quantifying reliability, identifying risks, and subsequently recommending mitigation strategies for 
complex systems. My dissertation research focused on developing such models for supply chains. 
In the long run, I plan to extend my research both within and outside of supply chain network 
applications with a focus on multi-criteria decision making and machine learning. I am interested 
in expanding my work to solve reliability problems facing other network systems that will benefit 
the global economy and ultimately the public good. 
 
 
SUPPLY CHAIN RISK IDENTIFICATION AND PLANNING TOOLKIT 
 
The objective of my dissertation research was to advance the state of the art with respect to 
quantitative risk identification, mitigation planning, and supplier selection within manufacturing 
supply chains and serve as a bridge for several academic communities. The mathematical and 
computer models developed have practical applications within industry. Firms are constantly 
challenged with proactively reducing the risk exposure to their respective supply chains. However, 
the means of doing so in an efficient, integrated, quantitative, and effective manner is not standard 
practice. Although a significant amount of research has been published in the areas of Operations 
Research, Big Data, Supply Chain Risk Management, Reliability Engineering, and Systems 
Engineering, a gap exists where these areas intersect and specifically for low volume high value 
(LVHV) manufacturing supply chains such as those used in the shipbuilding, aerospace, defense, 
and power plant construction industries. Merging and advancing the state of the art across these 
respective communities of research created value in both academic and industrial settings. 
Ultimately, the benefits of deploying such a methodology has the potential to save firms millions 
of dollars annually. For example, in the commercial nuclear power industry, delays in new power 
plant construction can cost $2 million per day (Henry, 2014). 
 
The motivation for my dissertation research was rooted in more than 15 years of experience across 
a variety of firms and industries. Whether large or small revenue, private or public, seasoned or 
start up, high or low volume, make-to-stock or make-to-order, companies struggle to 
operationalize data across silos. As a result of improved technology, the ability to collect data 
becomes easier. However, turning that data into information remains a challenge. As a result, firms 
often utilize weighted scoring methods and qualitative rankings to assess supplier risk. Although 
simple to deploy, these methods are not typically validated with respect to the effectiveness in 
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improving risk management decisions nor do they have the resolution necessary to provide clarity 
to the decision making process (Cox, 2008). 
 
We chose a low value high volume (LVHV) supply chain as the focal point of the research not 
only because of my experience working in the industry, but also because the industry provides a 
unique opportunity to examine a supply chain that has an intersection of challenges with respect 
to mitigating risks that other types of supply chains do not. Single sources of supply, identifying 
the appropriate suppliers with the requisite capabilities, cost burdens associated with navigating 
regulatory requirements, large product manufacturing, low volume manufacturing, and make-to-
order/design are attributes associated with many types of manufacturing supply chains. However, 
the supply chains associated with nuclear power plant construction face all of these challenges and 
associated risks simultaneously, which makes the industry 
an interesting focal point. In 2014, the World Nuclear 
Association summarized the challenges facing the nuclear 
supply chain in three primary areas - economic, capability, 
and quality (Kaiser, 2014). 
 
My current research has contributed to the current state of 
the art by developing new techniques to assist supply chain 
professionals in making more proactive decisions to 
mitigate the risks associated with LVHV supply chains 
using industry available data. The research was organized 
into three primary aims, which are described in Table 1 
along with the publications and working papers that have 
resulted to date. 
 
 

Table 1. Research aims and contributions. 
 

Aim Contribution 
1) Quantify Procurement Reliability 
(Sherwin, MacKenzie, & Medal, 2018) 

Identified factors affecting procurement reliability using 
machine learning as a methodology to predict supply 
chain reliability. 

2) Model the Supply Chain System 
(Sherwin, Medal, & Lapp, 2016) 

First to model a supply chain and quantify supply chain 
reliability through the use of fault trees constructed from a 
product’s bill of materials. 

3) Mitigate Supply Chain Risk 
(Sherwin, Medal, MacKenzie, & Brown, 2018) 

Developed an integer program based on the model of a 
supply chain system to select mitigation activities and 
maximize system reliability under budget constraints. 

 
 
Quantify Procurement Reliability 
 
The ability to identify supply chain risks in advance of those risks being realized is of great 
importance to both practitioners and researchers alike. In this work (Sherwin, MacKenzie, & 
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Medal, 2018), a common classification machine 
learning model, logistic regression, is used to 
predict the reliability of a procurement within a 
supply chain. The American Production and 
Inventory Control Society's (APICS) Supply 
Chain Operations Reference (SCOR®) Model was 
used as a basis for our definition of reliability. 
Using this approach within an artificial 
intelligence framework can have practical 
significance in selecting suppliers and making 
other procurement decisions. The mathematical 
model was based on a real data set collected from 

a low volume high value (LVHV) supply chain and is representative of explanatory variables (42) 
associated with the supplier, the item being procured, and the elements of the purchase order itself. 
The data set used to build the model had an imbalanced class distribution, which is a common 
artifact of data sets used to detect anomalies. A 10-fold-cross-validation procedure was employed 
to remedy the imbalance in the data set and validate the accuracy of the resulting model as well as 
the significance of variables within the model. Results indicated that only a subset of the 42 
explanatory variables studied had a significant contribution on an unreliable procurement. 
 
 
Model the Supply Chain System 
 
 In this research (Sherwin, Medal, & Lapp, 2016) a well-
accepted methodology, fault tree analysis, was employed 
to assess risk and proactively propose a cost-effective 
mitigation strategy within a LVHV supply chain. The 
fault tree architecture was based on the bill of materials of 
a manufactured product. The top-level event of interest 
represented the delay in delivering a product to a 
customer and lower-level events represented the causes 
and associated probabilities of disruptions within the 
supply chain for the product being studied. Supply chain 
risk mitigation strategies have been well documented in 
academic literature. However, much of what has been 
documented addresses such topics as facility location, 
inventory buffers, and is generally focused on response 
strategies once the risk has been realized. This research presented a robust method to represent the 
system of suppliers within a supply chain as a fault tree and proactively determine the optimum 
risk mitigation strategy for the portfolio. The approach is illustrated via real-world numerical 
scenarios based on hypothetical data sets and the results are presented. An optimum strategy to 
introduce a second improved source is selected that reduces the overall supply chain risk by 6.5% 
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at a relatively modest cost of less than $10,000 in lieu of both more costly and less costly scenarios 
that would not provide the same level of risk reduction. 
 
 
Mitigate Supply Chain Risk 
 

LVHV supply chains arising in industries such as 
airline manufacturing, power plant construction, 
and shipbuilding are characterized by long lead 
times and a limited number of capable suppliers, 
which make them especially susceptible to 
disruption events that may cause delays in 
delivered products and subsequently increase the 
financial risk exposure of the firm. Although 
supply chain risk management and supply chain 
reliability are topics that have been studied 
extensively, a gap exists for solutions that 
emphasize a portfolio approach to quantitative risk 

mitigation decision making and especially in LVHV industries. In practice, supply chain risk 
mitigation decisions are made in silos and are reactionary. Data available within the firm is not 
always fully utilized in the decision making process. In this research (Sherwin, Medal, MacKenzie, 
& Brown, 2018), a supply chain system was represented as a fault tree and based on the bill of 
materials of the product being sourced. Next, a set of mathematical models were developed to 
maximize the reliability of the supply chain system as well as identify and recommend a mitigation 
strategy for at-risk suppliers. Enterprise available data was used and a firm's budgetary constraints 
were considered. Two approaches were investigated and demonstrated on two different tiers within 
a LVHV supply chain. Results were presented as a Pareto frontier and demonstrated the practical 
application of the concept to simplify and objectify complex decisions for practitioners to make 
tradeoffs between risk reduction and budgetary constraints. 
 
 
RESEARCH AGENDA 
 
In the broader context, I am driven to solve problems facing organizations and society that are 
associated with complex systems and networks using multi-criteria decision making and machine 
learning. My current research has focused on employing these techniques to quantify, model, and 
mitigate risks within the context of supply chain reliability. A pertinent, real-world problem, the 
supply chain used in the construction of nuclear power plants, was used as a case study to 
demonstrate the efficacy of the approaches that were developed. 
 
In the short term, in addition to more deeply exploring the nuclear power plant construction supply 
chain, I am interested in extending my current research to beyond LVHV supply chains. Further, 
there is an opportunity to use metrics other than reliability to describe these systems. I also intend 
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to develop models that incorporate the interdependence of risks, the dynamic nature of risk, and 
the stochastic behavior of supply chain reliability. Furthermore, I plan to investigate and model 
the effect of downtime, severity, and consequences of risk events on supply chains. 
  
In the longer term, I am interested in extending this research to other complex systems beyond 
supply chains. Examples include transportation, security, social, energy, manufacturing, planning, 
organizational, healthcare, biological, and financial systems. Additionally, I am interested in using 
metrics other than reliability to describe these systems as well as developing a software application 
that robustly quantifies, models, and mitigates risks within complex systems. Through the 
development of automated expert systems, the future of this research has the opportunity to make 
a significant contribution to the artificial intelligence and big data communities.  In turn, by better 
utilizing available data and placing advanced tools in the hands of practitioners, decision making 
and hazard prediction can significantly improve and thus aid in solving problems that benefit 
organizations and the public in general. 
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