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Introduction

This worksheet is adapted from a 2016 COMAP HiMCM problem. The HiCMC is the High school Mathematical Modeling Competition, an annual competition where high schoolers are challenged to build a
mathematical model for a real world problem, and write up their results. The problem we’ll tackle today
can be summarized by the following question: if you’re running a (brick and mortar or online) store, and
want to choose warehouse locations to quickly ship items anywhere in the United States, where should you
place the warehouses?
The original problem statement can be found at:
https://www.comap.com/highschool/contests/himcm/2016problems.html.
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Problem statement (verbatim):

As online stores start to compete with traditional brick and mortar stores the goal is to combine the benefits
of both types of businesses. Brick and mortar stores provide the benefit of seeing the actual items, picking up
your purchase right away, and not having to pay for shipping. But, sometimes the store is not convenient to
your location, or you do not have time to go shopping. Online stores offer the convenience of shopping from
home and the added benefit, in many cases, of no additional sales or other taxes. And, with international
shipping, many more items are available to shoppers all over the globe via the Internet. For the purposes of
this HiMCM problem, we will use an example from the United States.
Your recreation equipment company currently not selling apparel/clothing has a small brick and mortar
store, but conducts most of its business through online sales. Your company’s headquarters and main
warehouse is located in North Carolina (NC), USA. Due to increased demand for your product, you are
expanding and your team’s task is to choose locations for the new warehouses. Your initial expansion goal is
to service the 48 continental United States (not Alaska-AK or Hawaii-HI or Puerto Rico-PR) with one-day
ground shipping with United Parcel Service (UPS).

2.1

Part 1

Analyze the optimal placement of warehouses to meet the one-day ground shipping requirement. Determine
and discuss your criteria as you address the following questions.
1. What is the minimum number of warehouses needed to service the continental United States with
one-day ground shipping?
2. Where should the new warehouses be located?
As an example, Figure 1 shows UPS ground shipping from NC.
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Taken from https://www.ups.com/maps/.

2.2

Part 2

The state of NC has no sales tax, meaning that if you physically buy a product in North Carolina, you
do not have to pay sales tax. Current US federal law requires that companies must collect required sales
tax where they have physical locations. Although tax laws in different cities, states, and countries can be
complicated, for the purposes of our HiMCM problem, we will assume the following:
• Any online order delivered to a location within a state where a warehouse is located will have that
state’s tax added to the order cost.
• Any online order delivered to a location outside a state where a warehouse is located will NOT be
taxed.
• Problem Note 1 provides state tax information. For example, DE, MT, NH, and OR do not have state
sales tax.
1. Describe and discuss how the warehouse locations you selected in Part I will affect your customer’s tax
liability.
2. Analyze and discuss any possible changes to the number of warehouses or locations of those warehouses
in order to minimize the tax liability to the most customers possible.

2.3

Part 3

Your company has decided to add clothing and apparel to your line of products. Several states do not tax
clothing or have minimal taxes on clothing as shown in Problem Note 1.
1. Analyze the impact of the warehouse locations from Parts I and II based on the addition of clothing
and apparel to your inventory.
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2. Discuss any possible changes to the number of warehouses or locations of those warehouses based on
increasing your clothing sales.
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Other helpful things

Taken from https://www.sporcle.com/.
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Taken from https://geology.com/world/the-united-states-of-america-physical-map.shtml.
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