Master of Engineering in Logistics
and Supply Chain Management

RESEARCH JOURNAL
CLASS OF 201
Summaries of select research projects by graduates of the MIT-Zaragoza MasterV
of Engineering in Logistics and Supply Chain Management

1HWZRUN&DSDFLW\3ODQQLQJ
Team: 3LODU$OEDU%HOOR%UXQD)HUQDQGHV%DVLOH)HUQDQGD&DURSUHVVR
Advisor: 'U5DIDHO'LD] 'U6S\ULGRQ/HNNDNRV
6FHQDULR3ODQQLQJWR2IIVHW6XSSO\&KDLQ'LVUXSWLRQV
Team: /RNHVK'HLYDVLJDPDQL&DUPHQ*RPH]6DQFKH]/XLV-RVH5DFFD
Advisor: 'U6XVDQD9DO
6XSSO\&KDLQ6HJPHQWDWLRQLQ%HYHUDJH,QGXVWU\
Team: -DYLHU%DUURV+DUULVRQ'RZ0HOLVVD7UHYLxR
Advisor: 'U6S\ULGRQ/HNNDNRV
+XEDQG6SRNH1HWZRUN'HVLJQIRUD)DVW*URZWK&RPSDQ\
Team: 'DQLHO*ROHQERFN&DQ3KDQ;XDQ%HQMDPLQ6DQIRUG
Advisor: 'U5DIDHO'LD]
(IIHFWLYH)RUHFDVWLQJDQG,QYHQWRU\$OORFDWLRQ6WUDWHJLHV
Team: $PLU.KDQ&DUORV0LUD'P\WUR5L]GYDQHWVN\L
Advisor: 'UdDJUL*UE]

Introduction
Welcome to the 201 MIT Zaragoza MasterV of Engineering in Logistics and Supply Chain Management
Research Journal!
The ILYH papers included in this journal were chosen from the VL[WHHQSURMHFWVsubmitted by the class
of 201 at the Zaragoza Logistics Center. The articles are written as executive summaries and are
intended for a business, rather than an academic audience.
The purpose of the executive summaries is to give the reader a sense of the business problem being
addressed, the methods used to analyze the problem, and the relevant results, conclusions and
insights gained. The complete SURMHFWV are, of course, much more detailed. We have also included a
complete list of this year’s SURMHFWVwith short descriptions at the end of this journal.
The articles in this publication cover a wide range of interests, approaches, and industries. This
variety of topics illustrates one of the hallmarks of the 0,7=DUDJR]D program: the students’ ability to
focus their course work and research on topics that most interest them.
6RPH projects are conducted in conjunction with the Zaragoza Academic Partner (ZAP) Program, an
initiative to enhance applied research and closer industryacademia relationships in the field of supply
chain management.
The ZAP Program gives 0,7=DUDJR]DSURJUDP students the opportunity to work closely with industry
professionals on actual supply chain problems, and gives companies an opportunity to interact with a
student or student team along with a professor as expert thesis advisor who together bring new
insights and approaches to a current supply chain project.
We hope you enjoy the articles. If you wish to discuss any other aspect of the program or wish to find out
how your company can interact with RXU students, please do not hesitate to contact me directly.

Happy reading!
0DUWD5RPHUR
DirectorRI,QWHUQDWLRQDO0DVWHUV
Zaragoza Logistics Center
mURPHUR@zlc.edu.es
www.zlc.edu.es

Network Capacity Planning
By Pilar Albar Bello, Bruna Fernandes Basile and Fernanda Caropresso
Thesis Advisors: Rafael Diaz, PhD and Spyridon Lekkakos, PhD
Summary:
This thesis addresses the lot sizing and capacity allocation problem of a leading pharmaceutical company. The
key question addresses was: how products should be assigned to each production line in order to utilize
existing capacity in the best way possible while reducing costs.

Pilar Albar Bello
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Bruna Fernandes Basile
Bachelor degree in Civil
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KEY INSIGHTS
1. The final method selected was largely driven by
the fixed nature of the company’s cost structure.
2. This method builds on the idea that by
rationalizing the campaign size allocations within
its network, the company can reduce its cycle
stock, and consequently, its investment in
working capital.
3. Campaign sizing and network capacity allocation
decisions should be supported by the tool.

Introduction
Over the last few decades, changes in market
conditions have imposed new challenges on the
pharmaceutical
industry.
Tighter
regulatory
constraints and the maturity of the markets have led
to lengthy drug approval processes and higher costs
for R&D. In this new context, capacity and
management attention that were concentrated almost
exclusively on R&D, sales and marketing, have
started to change their focus to supply chain, as an
opportunity to create value through optimization
(Shah, 2004).

Fernanda Caropresso
Bachelor degree in
International Relations,
Pontifícia Universidade
Católica de São Paulo, Brazil

Our sponsor company is a large multinational firm,
leader of its sector, with significant investments in
R&D. It operates a global manufacturing network
consisting of 31 sites that incorporates 3 different
production stages – drug substance, drug product
and packaging – involving 14 different technologies
and 42 product families. The combination of all these
elements results inmore than 3,000 SKUs.
The sponsor company wanted to investigate the
current processes for capacity allocation and batch
sizing, in order to explore ways for delivering value
through supply chain optimization. The question
proposed by the firm was: How should products be
assigned to each production line to utilize existing
capacity in the best possible way while reducing
costs? Due to the network complexity and the lack of
adequate decision-support tools, assigning manufacturing capacity to different products is a challenge.
Currently, allocation decisions occur at the product
level with limited overview of interdependencies
across products and sites.
In the biological pharmaceutical industry, the size of
the batches is determined according to the manufacturing procedures that would result in the best yield,
balancing cost components but also technological
and quality restrictions. However, when planning the

production of a given SKU, the company usually
schedules not only one run (i.e., a single batch), but
several continuous runs, called a campaign.
Since there is no established methodology for
capacity planning, the usual practice has been
maximizing the campaigns size to reach economies
of scale in the utilization of highly expensive and
specialized equipment. This ad-hoc criterion of large
campaign-sizing, however, has a direct impact on
inventory performance: some products have excess
of inventory while others are not being produced on
time to be used in the next manufacturing step.
Different approaches were investigated to solve the
problem, including network optimization and standard
economic lot sizing. However, due to the fixed nature
of the costs in this company, the application of these
methods had serious limitations. The proposed
solution aims to rationalize the campaign size,
decreasing cycle stock, and as consequence, the
investment in working capital.
To achieve this objective, two tools were developed.
First, the campaign sizing module uses Nonlinear
Mixed Integer Programming to define the size of the
campaigns and allocate production within the existing
network. The scheduling module then recommends
how to sequence the order of the manufacturing
process for each line to minimize the average
inventory. An inventory report provides the view of
different scenarios to support the decision process.

Addressing the problem
According to Chopra & Meindl (2013), there are two
types of problems where a network optimization
approach is a relevant methodology for analysis.
First, when a company needs to determine the
location and capacity of production and distribution
workcenters, the so-called network design (a longterm decision). Second, when a company needs to
allocate products (and demand) to existing plants or
distribution facilities (a short to mid-term decision).
The standard approach in both cases is to formulate
the problem as a profit maximization LP program
subject to satisfying demand and problem-specific
constraints.
As the thesis problem naturally falls under the
umbrella of network optimization, this was the first
approach followed in our investigation. However, in
our attempt to identify and quantify the relevant cost
parameters for applying this methodology, and after

several rounds of discussion with the sponsor
company, we came to the realization that most of the
costs involved are fixed in nature. That is, any
decision that would rearrange production among the
existing production network would have zero impact
in the firm’s profit and loss statement.
The fixed nature of the firm’s production costs –
particularly of set-up costs that primarily consist of
salaries– reduce also the applicability of an economic
lot sizing approach to our problem.
Faced with this deadlock in the applicability of
established operations management methods in the
thesis question, we shifted our attention from
profitability to working capital optimization. To that
end, the relationship between cycle stock (i.e., batch
size)
and
working
capital
investment
is
straightforward: the smaller the batch sizes are, the
lower (on average) the value in the inventory account
in the firm’s balance sheet.

Therefore, there might be an opportunity to
rationalize campaigns size, allowing the production
network to produce smaller batches –therefore,
decreasing stock– subject to network capacity
constraints. The challenge, then, is how to develop a
model that is not driven by a cost minimization goal.
A suitable approach would be for the model to
maximize capacity utilization. Capacity is defined as
the maximum output a resource can produce, in a
given period of time, considering ideal conditions.
Capacity utilization would be the measure of how
much the process actually produces dived by how
much it could produce, if running at full speed
(Cachon & Terwiesch, 2013).
In the context of this thesis, a different definition is
used. First, we consider as utilization all the time
associated with these tasks: shutdowns, changeovers, and production. The capacity utilization is then
the ratio of the time used in these tasks divided by
available time. We do this because we needed a
metric to be used in our model, the optimization of
which would provide campaigns size aligned with the
idea discussed above. The application of this logic
will allow the maximum number of production runs

until the capacity limit of the work centre is met (up to
some pre-specified level).
This solution was designed to create a real impact on
the company balance sheet through working capital
management by inventory reduction. To the best of
our knowledge, our work is the first attempt to
address this type of problem by using a joint working
capital-capacity utilization approach.

The Model
The figure below illustrates the framework used for
developing our model:

Methodology
In our work, we followed the basic principles of
Operations research as a methodology for solving
business problems by harmonizing apparently
conflicting goals and bringing the optimal solution in
the company´s perspective. The first step is
formulating the problem and collecting the
information. The second phase isdeveloping a
mathematical model and a computer based solution
for deriving the solutions. In this case, a non-linear
mixed integer programming was developed using
Excel solver. The third phase is to test the model and
refine it accordingly (Hillier & Lieberman, 2005).

Having agreed with the solution approach, the next
step was to finalize the scope review. It was agreed
that a prototype with reduced scope would be built,
focused on the drug substance process. This stage is
responsible for manufacturing the active ingredient
and it is the most important economically for the
process, presenting the biggest challenges in terms
of allocation. Revisiting Shah (2004), “needless to
say, this node of operation does not lend itself well to
responsiveness, and signiﬁcantly contributes to some
of the poor supply chain metrics exhibited by this
industry.”
Data collection and analysis were done in parallel
with the scope discussions, and consisted in
analyzing demand, inventory and production data, as
well as detailed information about regulatory
constrains, to assure consistency when developing
the tool. The other milestones will be discussed in
next sessions.

The goal was to develop an optimization tool
composed of three major modules:
1. Campaign Sizing: optimization model that
recommends how many runs of each product
should be allocated in which work centre,
according to the resource availability, regulatory,
capacity and demand constrains. See Appendix
for the mathematical model.
2. Campaign Scheduling: the number of runs and
resource allocation recommended in the
optimization are translated into a detailed
production scheduling. A macro developed in
Excel executes different combinations of
production orders and recommends the solution
that minimizes average cycle inventory over the
year.
3. Inventory Report: this spreadsheet plots both
the demand and the optimized production,
providing the view of beginning, average and
maximum inventory. A second scenario is
provided, communicating to the company what
would be the impact in the inventory if the
production of the next stage was smoothed.
Sensitivity analysis capabilities are embedded in the
system for simulating different what-if scenarios.

Results and Conclusions
The optimization model developed will allow the firm
to improve the planning process, having a clear view
of the impact of sourcing decisions in the inventory
and in the feasibility of their production plans.
The campaign sizing tool brings the optimal decision
in terms of allocation of capacity and quantity of runs
that have to be performed. The campaign scheduling
tool will allow the firm to have a detailed production
plan, as shown in the picture below.

planning process. The tool can also be used to
simulate different wha
at-if scenarios considering
different types of projects – temporarily shutdown of
a work center, closing
g of a plant, adding more
capacity or getting new
w regulatory approvals. It will
be able to calculate the iimpact in the current capacity
and quickly answer impo
ortant questions such as:
The inventory report will allow th
he company to
compare the current versus optim
mized plan, with
dashboards that summarizes the resu
ults:

e to supply all the demand?
x Are we going to be able
x What the capacity utilizzation would be in this case?
x How much cycle inventtory would be generated?
The model was developed to support the planning
decisions with different dimensions such as day by
day operations or proje
ects, short or medium terms,
using the scientific ap
pproach to create a robust
innovative solution, with immediate applicability. The
results shown and the d
decision to proceed with the
tests confirm that it is po
ossible to make a real impact
when business decision
ns are aligned with a solid
academic approach.

The results brought when comparin
ng the scenarios
with and without the optimizatio
on were really
expressive: a reduction of 13,6% in the average
inventory only by rationalizing the ccampaign sizing
and scheduling, 23,8% when smo
oothing the drug
substance production and 19,1% wh
hen changing the
drug substance production accordiing to the drug
product demand.
During the discussions on how to u
use the model, it
was noticed that currently the plan
nners divided by
product type –drug substance, drug product or finish
goods, and product families– and h
have to schedule
production in common machines, w
which makes the
allocation even more challenging. Th
he company has
already realized that and has created
d the role of drug
substance and drug product businesss partner.
Our recommendation is that the business partner for
drug substance should be in charge of consolidating
all the information needed and run the model in a
periodic basis. By centralizing this task, the planner
can realize synergy opportunities fo
or different drug
substance that share the same reso
ources that could
not be realized when making a decen
ntralized plan.
A standard procedure, with detaiiled explanation
about the model assumptions and
d formulas was
develop not only to speed up imp
plementation but
assure that new people can be easily trained,
guaranteeing the process continuityy, as well as the
extension of the model to the nexxt node – drug
substance production.
It is important to emphasize that the methodology
and tools developed not only serve a
as a base to the
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Appendix: The Mathematical Model

Scenario Planning to Offset Supply Chain
Disruptions
By Lokesh Deivasigamani, Carmen Gómez Sánchez and Luis José Racca
Thesis Advisor: Dr. Susana Val
Summary: This thesis proposes a methodological framework so as to capitalize the utilization of S&OP scenario
planning tools by our sponsor company and other firms within the medical device industry in their commitment
to provide high levels of customer service while dealing with the uncertainty given from the most critical
disruptions in their supply chains.
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KEY INSIGHTS
1. S&OP scenario-based planning appears as a
powerful tool to build supply chain agility in
companies within the medical device industry:
committed to high customer service levels,
constrained by strict regulations and continuously
challenged by uncertain situations.
2. Software vendors have developed S&OP tools to
support scenario planning in an integrated way.
The successful performance of scenario planning
will therefore rely both on the planner’s expertise
and on the quality of enabling software.
3. This research has allowed determining the most
critical scenarios for a company within the
medical device industry, evaluating the top
software vendors solutions and providing a
utilization framework that will serve as a guide to
planners during their familiarization with the
S&OP scenario planning tool.
Introduction
The sponsor company is a global leading
manufacturer of medical devices highly committed to
ensure the maximum availability of its products, given

/XLV-RVp5DFFDBachelor of
Science in Fiscal Sciences Specialization in Customs and
Foreign Trade, Escuela
Nacional de Administración y
Hacienda Pública, I.U.T.,
Venezuela, 2004

their importance in surgical operations across the
world. The company has about 60% of the global
market share with a family of products, which means
that six of out of ten surgeries around the world may
require one of these medical devices.
For these reasons, the company has been
implementing different solutions to improve their
planning process and guarantee the highest customer
service level. These initiatives are not only a way to
reinforce their social commitment but also a strategic
move to avoid ceding space to competitors and losing
their privileged position in the market.
However, maintaining a high customer service level
becomes challenging when dealing with uncertain
scenarios such as new product introductions and big
tenders; or simply overcoming unforeseen disruptions
within the supply chain that could jeopardize supply
and production capacities.
For dealing better with uncertainty and anticipating the
impact of planning decisions in the long-term, the firm
is implementing a new Integrated Business Planning
(IBP) software. This implementation is intended to
integrate information along their vertical operations.

Furthermore, this system has some powerful scenario
planning capabilities that the company would like to
take advantage of. During the development of this
project, we have considered scenario planning
capabilities as a replica of what-if-analysis tools, which
will provide users a comparison of different scenarios
with a base scenario.
By performing an internal analysis within the sponsor
company, most disruptive supply and demand
scenarios have been identified. It is intended to use
this list as a helpful compilation for the sponsor
company as well as for other players within the
healthcare field.
Additionally, this thesis provides a benchmarking
analysis of IBP software solutions available in the
market with scenario planning capabilities and
experience in the medical device field. This study is
framed with the purpose of defining most relevant
software capabilities to model specific characteristics
within the industry.
Finally, a methodological framework is proposed with
the intention to serve as a guide on the modeling,
interpretation and reporting of scenarios within an
S&OP process context.
Methodology
The methodology applied relies first on an internal
analysis within the sponsor organization, allowing us
to determine key scenarios for the company; and
second, on a study among IBP software vendors and
healthcare competitors to determine additional
features and relevant uses from an industry
perspective. Both analysis have entitled us to
recommend an approach on how to utilize S&OP
scenario planning tools. Figure 1 details the process
followed with each of the parties.

Identifying Key Scenarios – Internal Analysis
The internal analysis was initially launched following
the classical scenario planning methodology
developed by Schwartz (1996) and based on the
identification of local factors and driving forces
capturing the higher uncertainties from a supply chain
disruptions’ point of view.
Personal interviews with sponsor company’s
stakeholders and additional literature review have
allowed us establishing a list of local factors and
driving forces that can be accessed in the text of the
thesis.
In order to adapt classical scenario planning approach
(aimed at long term strategic decisions) to S&OP
what-if analysis objectives (targeting medium to short
term tactical decisions) local factors and driving forces
were converted into specific demand and supply
scenarios listed on the tables below.
Table 1: Initial Demand Scenarios List

Demand Scenarios
A new product is cannibalizing an established product
A new product is selling much faster than expected
A product needs to be urgently recalled
Demand increases suddenly due to a big tender contract
Fluctuations in demand due to changes in health care insurance policies
Table 2: Initial Supply Scenarios List
Supply Scenarios
A facility is temporarily not operating due to a natural disaster or labor strike
A new inventory policy change is going to be applied
A planned maintenance shutdown at a production or warehouse facility has been
unexpectedly rescheduled
A shipping lane becomes unavailable
Defective batch recognized and rework claimed
Production capacity is unexpectedly reduced due to a machine breakdown
Supplier communicates on non-ability to supply for long term
Supplier communicates on non-ability to supply for short term
Variation on the flow of goods through the supply chain due to tax changes
Variation on the flow of products (or raw materials) due to regulatory changes

Then, stakeholders were asked to fulfil an online
survey so as to rank scenarios by impact and
likelihood. The simple average of results allowed
building a matrix representation of demand and supply
scenarios based on the vulnerability framework
provided by Sheffi & Rice (2005).
Matrix representation allows classifying scenarios in 4
main groups or quadrants based on vulnerability
matrix classification described by Sheffi (2005):

Figure 1: Methodology Diagram

• Quadrant 1: scenarios in this quadrant have high
probability of occurrence and high impact on the
company’s performance, justifying a recurring
scenario planning analysis on several S&OP cycles as
those situations may occur several times in a year.

• Quadrant 2: scenarios in this quadrant have high
probability of occurrence but low impact on the
company’s performance. The resolution of this kind of
situations are part of the scope of a daily supply chain
management in the normal operation of the business
and would not require further study within S&OP
meetings.
• Quadrant 3: scenarios in this quadrant have low
probability of occurrence and low impact on the
company’s performance which would not require
attention in S&OP meetings.
• Quadrant 4: scenarios in this quadrant have low
probability of occurrence but high impact on the
company’s performance, that is to say, the “black
swans” quadrant according to Sheffi (2005). In fact,
this kind of scenarios could represent a significant risk
as usually companies do not prepare to face such
unexpected situations (e.g. hurricane, massive recall).
Therefore, we consider these scenarios should be
evaluated within S&OP meetings although they might
not require a recurring analysis in several S&OP
cycles since these situations would occur at most
once in a year.
Considering the type of scenarios that are more prone
to be analyzed during S&OP meetings, the sponsor
company agreed on providing focus on quadrants 1
and 4. Then, using subject-matter-expert opinion from
the firm, results were pondered with a weighted
average depending on the different departments that
participated in the survey.
Previous considerations about demand and supply
scenarios and other scenarios pointed by
stakeholders are represented in the matrixes (Figure
2 and Figure 33) that provides a complete picture of
the disruptive situations considered in the study.

Figure 3: Original & Additional Demand Scenarios Matrix
(Impact vs Likelihood) – Weighted Average Model

Based on author’s recommendation, the sponsor
representatives decided to establish two rankings of
the most critical scenarios: one considering scenarios
from quadrant 1 and another that would consider
scenarios from quadrant 4. In this way, it would be
possible to make the difference between recurring
scenarios to be evaluated at several S&OP cycles per
year from unlikely scenarios which would only require
to be analyzed once every one or two years.

IBP Software Solution – Benchmarking analysis
A benchmarking analysis was carried out to measure
the vendor’s products in terms of S&OP scenario
features among all the competitors mentioned in the
Gartner’s Magic Quadrant for S&OP System of
Differentiation (SOD) published in May 2017.
To make the analysis feasible and aligned with the
sponsors software’s preference, the study was
focused on the software vendors falling in the leader
and visionaries’ quadrants. As it is shown in Figure 2,
this selection was restricted to two quadrants
considering market scope and matching with the
sponsor’s business strategy.

Confirmed experience in Medical Device

Figure 2: Software Vendors Classification - Source: Own based
on Gartner 2017

Figure 2: Original & Additional Demand Scenarios Matrix
(Impact vs Likelihood) – Weighted Average Mode

Despite several efforts made, the research team could
only schedule demo sessions with four vendors. Two
were classified as leaders: OM Partners & River Logic;

and other two were classified as visionaries: Llamasoft
and Toolsgroup. Evaluation parameters were chosen
such that it meets the capability requirements as per
Singh and Lee (2013). Based on feedback from
demos and evaluation from other sources of
information, a score on a scale of one to eight was
provided to each vendor tools as shown on Table 3.

scenarios should be evaluated within an
S&OP process adjusting the frequency of
analysis to the scenario probability of
occurrence.
x

A complete portfolio of high impact scenarios
has been provided to the sponsor company,
although the list will have to be periodically
updated as risk evolves with both the
company and the industry.

x

The
benchmarking
analysis
allowed
measuring the scenario planning capabilities
among the top software providers. Software
vendors who participated in the study have
proved to have powerful applications although
results point out OM Partners (our sponsor’s
tool of choice) as the most recommendable
solution within the medical device industry.

x

A methodological framework has finally been
proposed providing planners with guidance
on the selection, modeling and interpretation
of scenarios for an S&OP process. The
analysis should foster discussion, propose
solutions and enhance consensus decisionmaking.

Table 3: Software Vendors Evaluation Grid

Evaluation Item
Scenario creation flexibility
User-friendliness
Ability for KPI customization
Scenario results comparison
Reporting quality & flexibility
Visualization capabilities
Level of Integration
Master data safety
Temporary horizons flexibility
Results measurement
Experience in Medical Device Industry
Average

Llamasoft
7
8
8
5
5
7
6
8
8
8
7
7.00

SW Vendors
River Logic Toolsgroup OM Partners
6
6
8
8
8
8
7
7
8
5
4
7
7
5
7
6
5
8
5
6
6
8
8
8
8
8
7
7
7
8
6
6
7
6.64
6.36
7.45

Framework Creation
For updating and executing scenario-based planning,
the authors have proposed the following framework for
creation and management of different scenarios within
an S&OP process context:

This research outcomes will help the medical device
industry and our sponsor company to leverage their
supply chain by tackling disruptions in a more efficient
and responsive manner.
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Conclusions
The use of scenario planning software capabilities
provides valuable information to deal with embedded
uncertainty and support the decision-making during
the S&OP process. This thesis sets the basis to
simplify learning about the use of scenario software
capabilities for planners in the medical device
industry. The main insights gained from this research
can be summarized as follows:
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The selection of scenarios should rely on the
identification of the most relevant tactical
uncertainties, their conversion into specific
disruptive situations and their ranking by
impact and likelihood. Only high impact
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Supply Chain Segmentation in the
Fast-Moving Consumer Goods Industry
By Javier Barros, Harrison Dow, Melissa Treviño
Thesis Advisors: Dr. Spyridon Lekkakos
Summary:
This thesis investigates supply chain segmentation in the context of the fast-moving consumer goods industry.
A tailored tool has been developed, which provides 3D analysis capabilities at the SKU-level and 2D at the
customer-level, along with other value-adding features.
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KEY INSIGHTS
1. Supply Chain Segmentation is feasible in the fast
moving consumer goods (FMCG) industry.
2. 3D Segmentation: Volume-Volatility-Value as the
dimensions.
3. New interpretation for using decoupling point in
E2E SC Segmentation.
4. Tailored tool for easy visualization and analysis of
segmentation.
Introduction
In a market environment that is continuously evolving,
modern supply chains are characterized by high
complexity due to the speed of changes in consumers’
preferences, but also due to intensive competition
among industry players. Customers are being offered
more customized versions and also, firms are
introducing new channels to fulfill demand. The
product and channel proliferation pose challenges to
companies to remain competitive and profitable.
6XSSO\ &KDLQ 6HJPHQWDWLRQ FDQ EH D YDOXDEOH WRRO LQ
KHOSLQJ FRPSDQLHV UHFRQILJXUH WKHLU VXSSO\ FKDLQ
VWUDWHJLHV
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To use it though, a company needs to have a deep
understanding of: different processes in the SC,
characteristics of the products, types of markets and
customers, distribution channels, and company
dynamics. SC Segmentation shall be seen as an
ongoing process that needs to be reevaluated
periodically in this ever-changing environment.
The sponsor company, AbcCo, is a fast-moving
consumer goods company. The company has many
brands, making its portfolio diverse and unique, but
also very complex. To meet the strategic goals while
maintaining its current profitability, AbcCo seeks to
see if SC Segmentation can provide direction the
firm’s SC for meeting efficiency and responsiveness
targets well into the future.
Methodology
The first step was to review different sources of
literature in order to understand: (a) the importance,
concepts and different types of segmentation; and (b)
the key findings from real cases of companies that
have already implemented segmentation to
restructure their supply chains. The second step was
to map current situation of the company to

understand
the
SC
processes,
product
characteristics, the different demand channels, the
company dynamic, and key performance indicators.
During this step, meetings with AbcCo’s
representatives from various departments are also
held.
Steps 3 and 4 were executed simultaneously in close
collaboration with the company. To decide the
segmentation approach and select the most suitable
models, an iterative process was followed where
sample data was provided by the company, analyzed
by the team and discussed again with the company.
This process took place several times until the
segmentation dimensions were finally selected and
the model was finalized. Once the model was
decided, it was fed with available data in collaboration
with the sponsor for making sure that the data was
interpreted correctly and was aligned with the
company context.
To make the model practical, a tool was developed in
which all the dimensions and segments were stated,
along with the SKU data, customers, type of
packaging, type of markets, and other relevant
quantitative information that will be discussed later in
this document. When this tool reaches maturity, a
large-scale workshop with the sponsor’s top SC
managers took place to validate the tool performance,
but also identify opportunities for using the insights
provided for realigning the company’s operational
strategies.

The industries of the existing cases operate much
different than a FMCG company and that the
segmentation results cannot be duplicated without
modifying the variables. To the best of our
knowledge, this is the first study that attempts to apply
a hybrid segmentation approach into the fast moving
consumer goods industry A segmentation model
using three different variables, inspired by Olvason et
al (2010), was chosen as the foundation of building the
new model.
Analysis and Model building
Our approach to SC Segmentation for AbcCo is
driven by the fact that different stages in the supply
chain are faced with different types of complexities.
Also, there is a decoupling point in the SC
segmentation, which is at the warehouse. The three
variables that will be focused on are volatility, volume,
and value. Furthermore, each of these three variables
will be divided in another two segments – high and
low.
Two types of Coefficient of Variation (CV) were
considered: CV of sales and CV of sales forecast. CV
of Sales was chosen due to the high correlation with
the CV of forecast and the fully availability of the info.
Figure 1 shows the cutoff for Volume and Volatility’s
high and low threshold. Figure 2 shows the VALUE
threshold.

Figure 1: High and Low levels for Volume and Volatility per SKU

Table 1: Methodology diagram

Literature Review
From
Academic
scholars
Protopappa
and
Thonemann (2017), it becomes clear that
segmentation on its own has little value, if not
associated with particular set of operational actions
that will lead to some type of differentiation in the way
individual segments are served. There are three main
segmentation techniques in these academic studies:
market-driven, product-driven, and hybrid productmarket segmentation.

Figure 2: High and Low levels for VALUE per SKU

A 3D cube was defined (Figure 3) where each
segment was characterized to make it easier for the
stakeholders to understand and relate each box to the
behavior of SKUs inside. Each animal represents a
type of behavior and the color is related to the value
variable (green for high margin and red for low). The
animals and colors match well with AbcCo’s existing
segmentation, which made it easier for them to
understand and analyze.

Figure 4: Customer Segmentation

Segmentation tool and Strategic Alignment
The segmentation tool (Figure 5) developed in this
thesis allows the user to visualize the SKU and
customer segments along with the interrelationships
within by changing the tool options and parameters.
Figure 3: Final 3d model cube

After the decoupling point, the segmentation is
focused on the customer side since service
requirements per customer are not the same and this
type of segmentation might reveal well-functioning
relationships and challenging customers.
For analyzing the volatility dimension at the customer
level, we base our analysis on the relative size of
stable SKUs within each customer’s portfolio. This
percentage of volume built by SKUs with high
volatility (CV) was calculated for each customer to
segment the customers into two groups: One group
with highly volatile SKU content and the other with low
volatility SKU content. The SKU threshold was set.
Having analyzed the customers on the basis of the
(redefined) value and volatility dimensions, four
segments emerge, which we characterize by using 4
medals: Gold, Silver, Bronze and Wooden, from most
desirable to the least (Figure 4). The gold segment
represents the customers who have high value
(VALUE) and low % of high-volatility SKUs.

Figure 5: View of the Dashboard

The tool was developed in excel and it has 2 main
views: a pivot table and a dashboard. The dashboard
allows a quick visualization of huge sets of
information which can be understood in an easier way
than abstract or complex contents. It is very useful
when comparing markets or customers (Table 3).
Relevant questions are raised from this data
visualization. What are the main differences between
two different customers? What kind of SC Strategies
should be applied to reduce the differences between
a wooden and a golden customer?
Our discussion on operational reconfiguration follows
the segmentation approach and is organized in three
parts (Figure 6): Pre-decoupling, Post-decoupling
and end-to-end strategic actions.

Stock rationing policy
Tradeoffs are unavoidable when inventory levels are
low and capacity is restricted. The tool gives a clear
customer segmentation that combined with the
market and customer knowledge inside the company
that can be translated in better decisions on how to
prioritize which customers are going to be served
(high priority) and which will be rejected.
End-to end
Figure Error! No text of specified style in document.:
Segmentation approach

Pre-decoupling point
Production
The use of the animal characterization of the
segments can guide to Production planners to set the
SKU’s prioritization according to Volume, Volatility,
and Value classifications. Once the low-volume high
volatility products have been identified, decisions
such as introducing low-capacity responsive lines and
allocating the SKUs accordingly, can be supported by
reliable quantitative data and be made in a systematic
way.
Inventory policies/ Forecasting at SKU level
The segmentation tool allows identify in a simple way
the products that might need different forecasting
techniques based on the segment where they are
categorized. The segmentation tool allows taking
targeted forecasting investment decisions on the
basis of the colored animal segments and their
characteristics.
Post-decoupling point

Product penetration
The tool provides a systematic way for tracking the
progress of the product. Figure 7 shows the growth a
product follows. Several courses of actions can be
done through the study of growth patterns, best and
worst performing customer/channels. Also, the tool
can support product elimination decisions.

Figure 7: Product life cycle

Reflections and Limitations
This thesis is the summary of a journey between the
research team and the sponsor Company where the
state of knowledge was pushed by applying a hybrid
approach to a manufacturer of FMCG (Fast Moving
Consumer Goods), realizing that there was no
documented methodology or strategy to approach
Supply Chain Segmentation that fits with AbcCo’s
necessities for segmentation.

Distribution
As the tool allows users to visualize the profitability
and volatility profile of the different customers (both at
the individual and aggregate SKU level), distributors
can be segmented into two group: one group to low
volatility customers using efficient distribution
whereas the high volatility customers will have a more
responsive setup.

This thesis has also obvious limitations, mainly in our
discussion of the strategic alignment. This is the
implication of the fact that two important actors are
missing from our analysis: customer and producer.
However, to understand the main points in production
and the customer profile and needs, the scope will be
increased greatly.

Customer Service Level
The tool can help by creating opportunities for
differentiation and prioritization of the efforts in
building
customer
relations.
By
providing
disaggregate information per customer, the tool can
help systematize the understanding of the value that
each customer brings, but also the identification of
areas for improvement in the relationship.

Olavson, T., Lee, H., & DeNyse,G. (2010). A
portfolio approach to. Supply Chain
Management Review, 20-27.

Cited Sources

Protopappa-Sieke, M. & Thonemann, U. (Eds.).
(2017). Supply Chain Segmentation.
Switzerland:
Springer.

Hub and Spoke Network Design
for a Fast-Growth Company
By Canh Phan Xuan, Benjamin Sanford, and Daniel Golenbock.
Thesis Advisor: Rafael Díaz

Summary
This research project addresses hub network design for a fast-growth express delivery company in the largest city
of Vietnam. Multiple techniques were applied to explore potential hub locations including multiperiod mixedinteger programming, driving distance clustering, and simulation to validate the robustness of the solution.
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KEY INSIGHTS
1. It is necessary to account for the difference
between Cartesian and driving distances when
clustering spatial constrained data in order to
approximate the true physical geographical
distance and efficiency of the network.
2. Although ideal hub locations have been
determined, the optimal time in which to open
the hubs as well as the hubs' size needed to
meet increased demand must be confirmed by
implementing a MIP with multi-period
extension.
3. By running a simulation that varies both cost
and demand parameters, a planner can reflect
on not only which hubs are being opened most
frequently but on how efficiently they are being
utilized.

Introduction
In meeting the demands of a fast-growing industry,
the number and location of a firm's facilities is a
critical factor in its long-term strategic and
competitive advantage (Daskin, 2013). Placing
distribution centers in suboptimal locations invariably

Daniel R. Golenbock (USA): Master's in
Business Administration. Supply Chain
professional with experience in
manufacturing, logistics and mark eting
with focus in analytics

leads to under or inefficient utilization of the
resources of these locations. By accurately
forecasting demand and tying projections to network
design decisions, companies can optimize the
utilization of their resources. In many cases
companies make network design decisions based
on accessibility or intuition. By first evaluating these
important choices with a relatively simple framework,
companies can position themselves to make
strategic decisions based on sound reasoning,
allowing them to defend their capital expenses to
stakeholders.
A common drawback when making network design
decisions derives from the fact that traditional
clustering algorithms do not reflect real world
conditions. When designing a network within a
relatively small radius, straight line and curved
distances do not approximate the true physical
geographical distance and efficiency of the network.
When physical boundaries and urban features such
as traffic are taken into account what was ostensibly
an optimal distribution network is revealed to be
counterproductive. For these reasons, it is critical

that driving distance between distribution centers
and demand clusters (and by extension the circuity
of the region) be considered.
After the hub locations have been selected a
simulation can be performed highlighting the effects
that demand variability has on the network. Although
the ideal hub locations have been determined, the
optimal time to open a new hub to meet increased
demand must still be confirmed. By running a
simulation that varies both cost and demand
parameters, the company will be able to reflect on
not only which hubs are being opened most
frequently but on how efficiently they are being
utilized.

Methodology
Our methodology consisted of six steps and is
summarized in Figure 1:

Figure 1: Methodology summary

Customer Demand Aggregation
Due to the size of the data - up to 700,000
transactional data points in a month - querying and
validating is a very time-consuming process.
Consequently, it was determined that taking a
representative random sample from the population
would save on processing time while still giving
accurate results.

A two-pronged approach was essayed. The first
method took equal size samples of package
deliveries from each district. We set our sample size
at ݊ = 400. This gives a 95% confidence interval
while maintaining a 5% margin of error. Each of the
400 samples from the 19 districts were then
geocoded using Google API and a VBA code in
Microsoft Excel. This provided the latitude and
longitude of each delivery address to determine the
center of gravity (CoG).
Below are the formulas used to calculate CoG.
x

ܥ௫ ൌ

x

ܥ௬ ൌ

σ  כௐ
σ ௐ
σ  כௐ
σ ௐ

These calculations were performed for each district
in order to determine that district’s optimal COG
based on historical shipment data. Below are the
7,600 shipments (400 from each 19 districts) plotted
with the size of the point commensurate with the
package weight. In Figure 4 are CoGs plotted on a
map of Ho Chi Minh City with labels designating
each district.
The next method obtained a data sample using a
random sample from the total number of shipments.
Some districts have as many as five times the
shipment volume of other districts. These higher
shipment densities affect where the CoGs are
generated when using clustering methods as
discussed below. To obtain this random sample the
“=Rand()” function was once again used and the
results were sorted from smallest to largest as
before. A sample of n=5,000 was taken. All of these
addresses were geocoded and stacked for further
analysis (Figure 3).

We used the below formula for calculating sample
size ݊:
݊ൌ

ܰ ܺ כ
ሺܺ  ܰ െ ͳሻ

where,
ଶ
כ
ܺ ൌ ܼఈȀଶ

 כ ሺͳ െ ሻ
 ܧܱܯଶ

and Zα/2 is the critical value of the Normal distribution at α/2 (e.g.
for a confidence level of 95%, α is 0.05 and the critical value is
1.96), MOE is the margin of error,  is the sample proportion, and

ܰ is the population

size.

Figure 2: n=400 from each district (Total 7,600 points)

distance (from Google Maps) between each input
location and every other location is queried and
input in a matrix which is then used to generate the
clusters. The algorithm allowed us to account for
both shipment density as well as precise driving
distance.

Figure 3: n=5,000 random samples from the population

Figure 4: COG of each district using n=400 from each
district

In order to determine the optimality of the current
network configuration, center of gravity was applied
to the 19 districts based on volume during a period
of peak demand. Center of gravity was selected as it
is a very useful heuristic for approximations when
dealing with limited data. Nevertheless, in order to
remove the constraints imposed by the city’s
administrative divisions, we applied clustering
techniques to the aggregation starting with k-means.
As a centroid-based clustering technique, k-means
can quantify inter-location distances in order to
associate locations with clusters, decreasing the
number of interactions between entities. In this case,
we also needed to account for the difference
between driving distance and Euclidean distance.
This is because our coordinates were composed of
latitude and longitude and there exist numerous
physical geographical boundaries and obstacles
between them. As a result, we implemented a more
recently published methodology entitled “Facility
Location Decisions Based on Driving Distances on
Spherical Surface” (Han, 2015). Han’s work bases
its approach on optimal driving distances generated
from Google Maps. Using Google API, driving

Working with 19 CoG weighted locations and 400
random variable locations, we applied Han’s driving
distance matrix using Google API. The clustering
algorithm we employed took the 7600 (19 X 400)
distances generated by the matrix and clustered
each of the 19 rows of distances (for example, the
distance from location 1 to each of the other 400
locations). The clustering was computed based on
the distance with shipment volume weighted on the
19 X 400 dimensional location data while the actual
clustering was done on the location coordinates. The
resulting output was 19 clusters of locations with x, y
coordinates. The following is a summary of the
algorithm implemented:
(1) Using Google API's distance-matrix platform,
input GPS coordinates data representing the centers
of gravity for the volume of shipments of each of the
19 districts in Ho Chi Minh City as well as data
representing 400 randomly selected coordinates.
(2) Parsed returned data to get distance values,
creating a 19*400 matrix of distances in meters.
(3) Input weight data representing the volume of
shipments of the 19 COGs.
(4) Set parameter of the minimum distance that the
algorithm needs to find between a centroid and its
corresponding location. min_distance = 20000;
num_clusters = 19
(5) Performed k-means clustering on the
matrix_data; calculated coordinates, distances, and
centroids
(6) Initialized Cartesian coordinates, calculated x, y,
z using GPS coordinates, calculated centroid
coordinates, translated centroid coordinates from
Cartesian back to degrees.
(7) Passed through each location in the cluster and
calculated its distance from the centroid using
Google API
(8) Exported the GPS coordinates based on the
cluster #, exported distances from centroid to each
location in the cluster and center locations for each
cluster.

Mathematical Model

  ݔ௧ ൌ ܦ௧ ݂ܬ א ݆ݎ

← (2) Demand constraint

אூ ǡ

Hub network optimization
As previously mentioned, our objective was to find an
optimal network configuration that includes (1)
optimal flow for orders throughout the hub network;
(2) a roadmap of open hubs corresponding with
demand growth. To accomplish this task, we
developed a multi-period optimization model over a
three-year planning horizon (12 quarters).
The mixed integer linear program aims to answer the
following questions:
x How much cost savings can be realized by
designing a new network?
x How much more efficient, in terms of cost, is
clustering vs. CoG?
x Can demand be met with the facilities selected?
x At what time should each hub be opened to
minimize cost?

  ݔ െ ݕܯ௧  Ͳ

← (3) Linking constraint

א

← (4) Delivery capacity constraint
for each hub ݅
← (5) Binary constraint
← (6) Non-negativity constraint
← (7) Constraint signaling once a
hub is opened it will not be closed

  ݔ   ܭ ݂ܫ א ݅ݎ
א

ݕ௧ ൌ ܾ݅݊ܽݕݎ
 ݔ  Ͳ
ݕ௧   ݕ௧ିଵ

Hub sizing optimization model
One drawback of the above approach is the
universally assumed hub size of 1,500 m2 suggested
by the company. This approach can lead to
underutilization of hubs as well as difficulty locating
a hub within the specified range, particularly within
the city center. To tackle this problem a hub size
optimization model was developed.

Indices


set of hub facilities ݅ ܫ א
set of forecasting period ܶ א ݐ
set of demand points ݆ ܬ א

Variables:
x ݔ௧ : Quantity of parcel ܺ flow through Hub ݅ to
customer ݆ in period ݐ, unit: parcel
x ݕ௧ : 1 if hub ݅ is recommended by the model to
open in period ݐ, 0 otherwise
Parameters:
x ߮௧ : Fixed outbound last-leg transportation cost
from hub ݅ to customer demand point j in period
t, unit: USD/ parcel
x ߠ : Fixed hub cost is defined by the default
size of each hub multiplied times the renting
cost/ sqm in location ݅, unit: USD/sqm
x  ݒ: Variable outbound last-leg transportation
cost, unit: USD/mile
x ݀ : Distance from hub ݅ to customer demand
point j, unit: mile
x ܭ : Delivery capacity of Hub ݅, unit: parcel
x ܦ௧ : Demand of customer ݆ in period ݐ, unit:
parcel

Variables
x ݔ : Quantity of parcel X flow through Hub ݅ to
customer j, unit: parcel
x ݏ : Size of hub ݅, unit: square meter
Parameters:
x ߮௧ : Fixed outbound last-leg transportation cost
from hub ݅ to customer demand point ݆ in period
ݐ, unit: USD/ parcel
x ݕ௧ : 1 if hub ݅ is recommended to open in
period ݐ, 0 otherwise
x  ݒ: Variable outbound last-leg transportation
cost, unit: USD/ mile
x ݀ : Distance from hub ݅ to customer demand
point ݆, unit: mile
x ܭ : Delivery capacity of Hub ݅, unit: parcel
x ݎ : Rental cost per square meter of hub ݅
x ܦ௧ : Demand of customer ݆ in period ݐ, unit:
parcel
x ݉  : Minimum space of hub ݅
x ܯ : Maximum space of hub ݅
Minimize (z)
 ݊݅ܯ  ݏ ݎ כ ݕ כ௧    ൫߮௧   ݀ כ ݒ ൯  ݔ כ௧
אூ ௧ ்א

Minimize (z)
 ݊݅ܯ  ߠ ݕ כ௧    ൫߮௧   ݀ כ ݒ ൯  ݔ כ௧
אூ ௧ ்א

אூ א ௧א

(1)

אூ  א ௧א

Subject to:
  ݔ௧ ൌ ܦ௧ ݂ܬ א ݆ݎ

← (9) Demand constraint

אூ ǡ

Subject to:

  ݔ െ ݕܯ௧  Ͳ
א

← (10) Linking constraint

(8)

  ݔ   ܭ ݂ܫ א ݅ݎ
א

ݏ െ  ݉ ݕ כ௧   Ͳ
ݏ െ  ܯ ݕ  כ௧   Ͳ
 ݔ  Ͳ

← (11) Delivery capacity
constraint for each hub ݅
← (12) Minimum hub size
← (13) Maximum hub size
← (14) Non-negativity
constraint

Interpretation & Results
Baseline result
Our replicated model confirmed that excluding fixed
costs, each order would cost the company $0.339,
compared to the actual average cost per order of
$0.340. In other words, the simulated cost per order
was lower than the actual cost by 0.27%.
The model solution shows that the potential cost
savings is $6,291 for week 51, equal to 8.42% of
total cost, as described in the table below.

network cost. The initial explanation for this
discrepancy is the sample size of shipments for the
driving distance clustering. While we were able to
run 400 data points, a sample of 1,000 or ideally
5,000 would produce a realistic picture of demand
without the inherent risks of outliers in small-sized
samples. The algorithm that was developed for the
clustering relies on Google API calls. These are free
of cost up to a limit of 2,000 queries per day. With
1,000 shipment points and 19 hubs (=19,000
distances), this analysis would be either time or cost
prohibitive. With little time remaining, we decided to
take a sample of 400 and analyze the results.
Table 2: Matrix to compare the optimal solutions

Table 1: Optimal vs baseline

Below is the roadmap of the greenfield clustering
network option. This table indicates when to open
each hub along with the utilization of each hub at
any given time. Within the model identical charts are
developed for every combination of brownfield/
greenfield and clustering/CoG.
Table 3: Hub selection road map & utilization rate

Model Result and Analysis
The model was used to optimize the network based
on one week of historical demand data in order to
set a baseline to test the model. It was then run for
four separate multi-period scenarios all with the
same demand growth projection. The four scenarios
were laid out as follows:
1) Center of Gravity Clustering – Greenfield
2) Center of Gravity Clustering – Brownfield
3) K-Means Clustering – Greenfield
4) K-Means Clustering – Brownfield
To complete this model, we used Open Solver, an
open source Excel add-in. One advantage of open
source add-ins is that companies can easily install
and integrate them into Excel. Any employee that
needs access to this tool can do so without paying
exorbitant licensing fees or undergoing extensive
training.
As observed in the table below, the greenfield CoG
proved to be the lowest cost network. We expected
the greenfield clustering analysis to provide the
lowest cost network, and although it was not the
lowest it was within 1.3% of the greenfield CoG

In Table 3, three hubs (Hub 3, 11, and 17) would be
underutilized (less than 50%) from serving areas
with relatively low demand. The result of the hub
sizing optimization model suggests that at the end of
the designated period, all of the opened hubs should
be fully utilized. Moreover, we tested a “naïve”
solution to determine hub size by multiplying the
default hub size (1,500 m2) by the maximum
utilization rate of the entire period (2019-Q1 to 2021-

Q4). The hub size optimization model and “naïve”
solution returned $287,525 and $302,609
respectively, resulting in a total fixed cost savings of
5.25% across the hub network over the entire
period. This approach performs best in situations in
which the decision maker is confronted with capacity
constraints as well as variance in set-up cost across
regions.

Simulation
To simulate variability in demand forecasting we
employed Excel functions NORM.INV and RAND()
to generate a random probability of demand. A VBA
code was composed that inputs the values of the
randomly generated demand into the model. The
code then takes the results indicating which hub is to
be open during each period and inputs it into a table.
This data is then compiled after every simulation to
show what percentage of the time that hub was
selected.
In the model one can input how many simulations
are to be run; the model then displays how many
times the simulation has been executed. The figures
below demonstrate an instance in which 1,000
simulations are performed with a 15% standard
deviation of demand.
Table 4: Simulation Results

Table 5: Average Hub Capacity Utilization (%)

to determine the ideal location of hubs while
disregarding the current facilities in the network. The
network optimization was performed on both the
brownfield and greenfield sites for both standalone
CoG and clustering, using both fixed and variable
costs. The model determined the lowest cost to
service the 19 clusters managing the tradeoff
between facility and transportation as well as fixed
and variable costs.
Simulating variable demand with an estimated 15%
standard deviation confirmed that the models were
robust against stochastic fluctuations over a 12quarter period; that most hubs are to remain open
under all scenarios; and that their utilization is
maximized. Both greenfield scenarios proved costefficient compared to the brownfields. Moreover,
both the CoG and clustering greenfield models were
within approximately 1% of each other’s cost.
However, because clustering is unconstrained by
arbitrary administrative divisions and because it
applies real-time driving distances, the clustering
model far surpasses CoG for accuracy and distance
efficiency.
It is for this reason above all that we recommended
greenfield driving distance clustering to the
sponsoring company. It now has a repeatable
process for implementing similar analyses in its
other markets using open source software that is
easily accessible and user-friendly. The project
proved that using this greenfield clustering technique
produces a more optimal solution more quickly
compared to the baseline, reducing administrative
and software costs. The company can now change
constraints to allow more involved services and
costs, reduce its margin of error and rapidly
implement many scenarios and cost models with
one repeatable process.
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Conclusion
In clustering 19 city districts’ center of gravity as part
of our greenfield analysis, we used driving distance
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Driving Distances on Spherical Surface.
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0,7=$5$*2=$352*5$0 CLASS OF 201

PROJECTS
$G+RFYHUVXV&RQWUDFWXDO)ULJKW5DWHV
Team: -DYLG $EEDVRY 0HL <DQJ &KXQ\DQ -RULV  =KRX
Advisor: 'UdDJUL*UE]
7KLVWKHVLVWDFNOHVWKHSUREOHPRIXVLQJVSRWPDUNHWVYVFRQWUDFWVIRUSURFXULQJVKLSSLQJUDWHV
WKURXJKLPSOHPHQWDWLRQRIDPDWKHPDWLFDOPRGHO7KHPRGHOZLOOVHUYHDVDFRPSOHPHQWDU\WRROLQ
SURFXULQJWKHWZRGLIIHUHQWIUHLJKWUDWHVDQGRSWLPL]LQJWKHWUDQVSRUWDWLRQFRVWVIRUWKHVKLSSHURQ
HDFKVKLSSLQJODQH

$XWRPDWHG6WRUH5HSOHQLVKPHQWLPSDFWRQUHWDLOLQYHQWRU\PDQDJHPHQW
Team: 3DQNDM$U\D3DQDJLRWLV2LNRQRPRX
Advisor: 'U6S\ULGRQ/HNNDNRV
7KLVUHVHDUFKRIIHUVLQVLJKWVUHODWHGWRWKHLPSOHPHQWDWLRQDQGWHFKQLFDOLVVXHVRI$XWRPDWHG
5HSOHQLVKPHQW6\VWHPVDQGLQGLFDWHVLVVXHVWKDWIRUFHWKHXVHUWRE\SDVVRYHUULGHWKHV\VWHP¶V
UHSOHQLVKPHQWGHFLVLRQV$IUDPHZRUNLVSUHVHQWHGWRHQVXUHVXFFHVVIXOLPSOHPHQWDWLRQWKURXJKRXW
WKHZKROHQHWZRUNRIWKHUHWDLOHU

,PSURYHGFDUULHUSHUIRUPDQFHDQGWUDQVSRUWRSWLPL]DWLRQIRUD(XURSHEDVHGPHWDO
UHF\FOLQJFRPSDQ\
Team: 1HGLP%HJRYLF6KDLOHVK*XSWD
Advisor: 'UdDJUL*UE]
7KLVWKHVLVWDFNOHVWKHGXDOTXHVWLRQIRUDVFUDSPHWDOUHF\FOLQJFRPSDQ\WRDGGUHVVGHFLVLRQPDNLQJ
RQWKHFKRLFHRIFDUULHUVDQGPLQLPL]DWLRQRIWKHSURFXUHPHQWDQGWUDQVSRUWFRVWVWRIXOILOFXVWRPHU
GHPDQGZLWKWKHREMHFWLYHRIUHGXFLQJWRWDOFRVWVIRUWKHFRPSDQ\DWRSWLPXPFXVWRPHUVHUYLFH7KH
$QDO\WLF+LHUDUFK\3URFHVVDQG0XOWL,QWHJHU/LQHDU3URJUDPPLQJRSWLPL]DWLRQPRGHOVKDYHEHHQ
GHYHORSHGWRDQVZHUWKHVHTXHULHV

'LVWULEXWLRQ1HWZRUN2SWLPL]DWLRQRI(QJLQH6SDUH3DUWV
Team: 5LFDUGR&DEUDO6RXNDLQD+DPLPRXQH%\URQ0HQGR]D
Advisor: 'U5DIDHO'LD]
7KLVWKHVLVSURMHFWDLPVWRGHWHUPLQHWKHRSWLPDOPDWHULDOVIORZLQWRDQGEHWZHHQWKHYDULRXVQRGHV
RIWKHGLVWULEXWLRQQHWZRUNWKDWVHUYHVWRLPSURYHFRVWVDQGPDLQWDLQDVHUYLFHOHYHORI7KH
SURMHFWLGHQWLILHVFULWLFDOIDFWRUVDQGRXWOLQHVWKHYDULRXVSRVVLEOHSURGXFWIORZVDORQJZLWK
GHWHUPLQLQJWKHLQYHQWRU\LQYHVWPHQWVDQGORJLVWLFVFRVWV

,QYHQWRU\0DQDJHPHQWRI+XPDQLWDULDQ0HGLFDO6XSSOLHV
Team: ,JQDFLR&DVWDxHGD5XEFKDL&KLQVXZDQ&DUROLQD*RQ]iOH]
Advisor: 'U6S\ULGRQ/HNNDNRV
7KLVWKHVLVIRFXVHVRQKHOSLQJDKXPDQLWDULDQRUJDQL]DWLRQVHOHFWWKHDSSURSULDWHGLVWULEXWLRQV\VWHP
RIPHGLFDOJRRGVWRQRQHPHUJHQF\PLVVLRQV:HXVHG$UHQDVRIWZDUHDVDWRROWRHYDOXDWH
GLVWULEXWLRQV\VWHPSHUIRUPDQFHVRIVHOHFWHGVFHQDULRV7KHUHVXOWVZLOOKHOSWKHKXPDQLWDULDQ
RUJDQL]DWLRQLPSURYHWKHLUSHUIRUPDQFHLQH[LVWLQJPLVVLRQVDQGHVWDEOLVKGLVWULEXWLRQV\VWHPIRU
IXWXUHPLVVLRQV

5HVLOLHQF\DQG6RXUFLQJ6WUDWHJ\LQWKH6HPLFRQGXFWRU,QGXVWU\
Team: 7HG/\QFK6FRWW&RQQHU
Advisor: 'U5DIDHO'tD]
7KLV UHVHDUFK TXDQWLILHV WKH WUDGHRII EHWZHHQ WKH FRVWV RI DGGLWLRQDO LQYHQWRU\ DQG TXDOLI\LQJ D
VHFRQGVRXUFHSDUWQHUYHUVXVWKHEHQHILWVLQVXSSO\FKDLQUHVLOLHQF\GXULQJDVXSSOLHUGLVUXSWLRQ:H
XVH 52$ DQG 139 DQDO\VLV WR HYDOXDWH WKH LQWHUDFWLRQ EHWZHHQ LQYHQWRU\ OHYHOV VHFRQG VRXUFH
FRVWVULVNSRWHQWLDOGLVUXSWLRQOHQJWKVHUYLFHOHYHOVDQGILQDQFLDOLPSDFW

'HILQLQJ3ODQQLQJ3DUDPHWHUV9DOXHVLQWKH3KDUPD,QGXVWU\
Team: 0DUtD,QpV*DOOR/XFDV/HQFLQD,VDEHOOD2EHGLHQWH
Advisor: 'U$OHMDQGUR6HUUDQR
7KLV WKHVLV WDFNOHV WKH TXHVWLRQ RI ZKDW WKH SODQQLQJ SDUDPHWHU YDOXH LV WKDW PLQLPL]HV FRVW RI
LQYHQWRU\LQWKHGLIIHUHQWVWHSVRIWKHVXSSO\FKDLQ7KHFRPSDQ\LVVHHNLQJWRORZHUWKHIRXUELOOLRQ
HXURVWKH\KROGLQLQYHQWRU\ZLWKRXWVDFULILFLQJWKHLUKLJKVHUYLFHOHYHOWRFXVWRPHUV

3RROLQJRI6SDUH3DUWV,QYHQWRULHVLQWKH&HPHQW,QGXVWU\
Team: $OHNVDQGU.UDVQHU,JRU9LOHQVN\0DUWLQ*:LHVHU
Advisor: 'U6S\ULGRQ/HNNDNRV
7KHSULQFLSDOWDUJHWRIRXUVWXG\ZDVWRGHYHORSDQDSSURDFKIRUSULRULWL]LQJZKHUHWKHFRPSDQ\
VKRXOGIRFXVLWVHIIRUWVWRLGHQWLI\WKHFRPPRQDOLWLHVDPRQJVSDUHSDUWV,QWKDWZD\H[LVWLQJ
OLPLWHGUHVRXUFHVFRXOGEHEXQGOHGWRREWDLQWKHPRVWDGYDQWDJHRXVFRVWWREHQHILWUDWLR
$VDVXEVHTXHQWREMHFWLYHXVLQJWKHPHWKRGRORJ\IRUFRPPRQDOLW\LGHQWLILFDWLRQZHHYDOXDWHGLI
WKHSRROLQJRIVSDUHSDUWV LHQRWKROGLQJLQYHQWRU\RIHDFKVSDUHSDUWDWHDFKSRLQWRIGHPDQG 
PLJKWSURYLGHEXVLQHVV ILQDQFLDO EHQHILWVDQGWKHUHIRUHVKRXOGEHIXUWKHUH[SORUHG

6SDUHSDUWVPDQDJHPHQWLQWKHSKDUPDFHXWLFDOLQGXVWU\
Team: *XDGDOXSH0DUWtQH]GH$JXLUUH%HQJRFKHD-RVp0LJXHO0DUWtQH])LJQRQL.ULVWHQFH9ROO
Advisor: 'U6S\ULGRQ/HNNDNRV
7KLV WKHVLV VWXGLHV WKH WRSLF RI VSDUH SDUWV PDQDJHPHQW LQ WKH FRQWH[W RI D PXOWLQDWLRQDO
SKDUPDFHXWLFDOFRPSDQ\ZLWKWKHREMHFWLYHRIUHGXFLQJLQYHQWRU\FRVWVDQGRSWLPL]LQJGDWDFROOHFWLRQ
SURFHVVHV 7KH UHVXOW LV D WRRO WR VWDQGDUGL]H LQYHQWRU\ SROLFLHV DFURVV WKH GLIIHUHQW VLWHV DQG D
PHWKRGWRPDQDJHJOREDOLQIRUPDWLRQ

([SORULQJWKH3RWHQWLDOWR/HYHUDJH6XSSO\&KDLQ,QQRYDWLRQVRI$QWL&RXQWHUIHLW
3KDUPDFHXWLFDOV
Team: 6XELU3DXO/LDQ=KDR
Advisor: 'UdDJUL*UE]
7KLV WKHVLV LQYHVWLJDWHV WKH SUREOHPVROYLQJ SURFHVV RI FRPEDWLQJ FRXQWHUIHLWLQJ LQ 3KDUPDFHXWLFDO
6XSSO\&KDLQV$GRSWLQJDGHVLJQWKLQNLQJDSSURDFKWRHYDOXDWLQJH[LVWLQJDQGQRYHOWHFKQRORJLHVLQ
XVH LQ WKLV ILHOG WKLV WKHVLV SRVLWV D QHZ WKUHHSURQJHG IUDPHZRUN IRU FUHDWLQJ VROXWLRQV LQ WKH
LQGXVWU\DOVRLWFRQVLGHULQJWKHUHVSRQVLELOLWLHVRILQGLYLGXDOSXEOLFDQGSULYDWHDJHQFLHVDWSOD\LQWKLV
HIIRUW

1HWZRUN&DSDFLW\3ODQQLQJ
Team: 3LODU$OEDU%HOOR%UXQD)HUQDQGHV%DVLOH)HUQDQGD&DURSUHVVR
Advisor: 'U5DIDHO'tD]DQG'U6S\ULGRQ/HNNDNRV
7KLV WKHVLV DGGUHVVHV WKH ORW VL]LQJ DQG FDSDFLW\ DOORFDWLRQ SUREOHP RI D OHDGLQJ SKDUPDFHXWLFDO
FRPSDQ\7KHNH\TXHVWLRQDGGUHVVHVZDVKRZSURGXFWVVKRXOGEHDVVLJQHGWRHDFKSURGXFWLRQOLQH
LQRUGHUWRXWLOL]HH[LVWLQJFDSDFLW\LQWKHEHVWZD\SRVVLEOHZKLOHUHGXFLQJFRVWV

6XSSO\&KDLQ6HJPHQWDWLRQLQWKH)DVW0RYLQJ&RQVXPHU*RRGV,QGXVWU\
Team: -DYLHU%DUURV+DUULVRQ'RZ0HOLVVD7UHYLxR
Advisor: 'U6S\ULGRQ/HNNDNRV
7KLV WKHVLV LQYHVWLJDWHV VXSSO\ FKDLQ VHJPHQWDWLRQ LQ WKH FRQWH[W RI WKH IDVWPRYLQJ FRQVXPHU
JRRGV LQGXVWU\ $ WDLORUHG WRRO KDV EHHQ GHYHORSHG ZKLFK SURYLGHV ' DQDO\VLV FDSDELOLWLHV DW WKH
6.8OHYHODQG'DWWKHFXVWRPHUOHYHODORQJZLWKRWKHUYDOXHDGGLQJIHDWXUHV

6FHQDULR3ODQQLQJWR2IIVHW6XSSO\&KDLQ'LVUXSWLRQV
Team: /RNHVK'HLYDVLJDPDQL&DUPHQ*yPH]6iQFKH]/XLV-RVp5DFFD
Advisor: 'U6XVDQD9DO
7KLVWKHVLVSURSRVHVDPHWKRGRORJLFDOIUDPHZRUNVRDVWRFDSLWDOL]HWKHXWLOL]DWLRQRI6 23VFHQDULR
SODQQLQJWRROVE\RXUVSRQVRUFRPSDQ\DQGRWKHUILUPVZLWKLQWKHPHGLFDOGHYLFHLQGXVWU\LQWKHLU
FRPPLWPHQWWRSURYLGHKLJKOHYHOVRIFXVWRPHUVHUYLFHZKLOHGHDOLQJZLWKWKHXQFHUWDLQW\JLYHQIURP
WKHPRVWFULWLFDOGLVUXSWLRQVLQWKHLUVXSSO\FKDLQV

+XEDQG6SRNH1HWZRUN'HVLJQIRUD)DVW*URZWK&RPSDQ\
Team: &DQK3KDQ;XDQ%HQMDPLQ6DQIRUG'DQLHO*ROHQERFN
Advisor: 'U5DIDHO'LD]
7KLV UHVHDUFK SURMHFW DGGUHVVHV KXE QHWZRUN GHVLJQ IRU D IDVWJURZWK H[SUHVV GHOLYHU\ FRPSDQ\ LQ
WKH ODUJHVW FLW\ RI 9LHWQDP 0XOWLSOH WHFKQLTXHV ZHUH DSSOLHG WR H[SORUH SRWHQWLDO KXE ORFDWLRQV
LQFOXGLQJ PXOWLSHULRG PL[HGLQWHJHU SURJUDPPLQJ GULYLQJ GLVWDQFH FOXVWHULQJ DQG VLPXODWLRQ WR
YDOLGDWHWKHUREXVWQHVVRIWKHVROXWLRQ

(IIHFWLYH)RUHFDVWLQJDQG,QYHQWRU\$OORFDWLRQ6WUDWHJLHV
Team: $PLU.KDQ&DUORV0LUD'P\WUR5L]GYDQHWVN\L
Advisor: 'UdDJUL*UE]
7KLVSURMHFWWDFNOHVIRUHFDVWLQJPHWKRGRORJ\IRULQWHUPLWWHQWGHPDQGSRROLQJWRUHGXFHLQYHQWRU\DQG
GHOD\LQJ VWRFN DOORFDWLRQ WR UHGXFH UHGLVWULEXWLRQ :H GHYHORSHG D UREXVW WRRO FDSDEOH RI VLPXODWLQJ
IRUHFDVWVSURFXUHPHQWQHWZRUNGHVLJQWUDQVSRUWDWLRQDQGVDOHVIRU0XVHUVHOHFWHGVFHQDULRV
2XUUHFRPPHQGHGVFHQDULRDWWDLQVRSHUDWLRQDOFRVWDQGLQYHQWRU\UHGXFWLRQ
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