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Unconstrained Optimization 
in Business Analytics

INTRODUCTION

To become problem solvers for the 21st century, 
analysts must be able to formulate the problem 
into mathematical terms, solve the problem, and 
then interpret the results. This chapter presents 
problems, their formulation, solution, and inter-
pretations, as well as sensitivity analysis.

Consider a small company that is planning to 
install a central computer with cable links to five 
new departments. According to the floor plan, the 
peripheral computers for the five departments will 
be situated as shown in Figure 1. The company 
wishes to locate the central computer so that the 
minimal amount of cable will be used to link to 
the five peripheral computers. This will minimize 

the cost per cable and labor that is considered 
the biggest overall cost. Assuming that cable 
can be strung over the ceiling panels in a straight 
line from a point above any peripheral to a point 
above the central computer, the distance formula 
may be used to determine the length of cable 
needed to connect any peripheral to the central 
computer. Ignore all lengths of cable from the 
computer itself to a point above the ceiling panel 
immediately over that computer. In other words, 
work only with lengths of cable strung over the 
ceiling panels. We could add constraints later in 
the optimization chapter with constraints.

We keep this problem to only five data pairs 
as coordinates for the computers but the problem 
can easily be expanded. The coordinates of the 
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Figure 1. Computer grid locations
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locations of the five peripheral computers are 
listed in Table 1.

Assume the central computer will be positioned 
at coordinates (m, n) where m and n are integers 
in the grid representing the office space. Deter-
mine the coordinates (m, n) for placement of the 
central computer that minimize the total amount 
of cable needed. Report the total number of feet 
of cable needed for this placement along with the 
coordinates (m, n).

This is a multivariable optimization problem. 
We want to minimize the sum of the distances 
from each department to the placement of the 
central computer system. The distances represent 
the cable lengths assuming that the straight line is 
the shortest distance between two points. Using 
the distance formula,
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where d represents the distance (cable length in 
feet) between the location of the central computer 
(x,y) and the location of the first peripheral com-
puter (X1, Y1). Since we have five departments 
we define

d x X y Y
i i i
= − + −( ) ( )2 2 , for i = 1,2,3,4	

5

We wish to minimize the sum of the distances 
given by
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Traditional calculus suggests taking the deriva-
tive of the function, Dist(x,y) first with respect 
to x and then with respect to y, setting the partial 
derivatives equal to zero, and solving for x and y 
to find the stationary points. Using the locations 
of the five peripheral computers X=[ 15 25 60 
75 80 ] and Y=[ 60 90 75 60 25 ], the objective 
function Dist(x,y) becomes
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which is expressed below: Dist(x,y)=
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In this example, traditional calculus methods do 
not work well. Thus to model and solve problems 
like this, we need to learn about numerical meth-
ods to approximate multivariable unconstrained 
optimization. Our objectives include how to set 
up, solve, and interpret the solution as well as 
perform sensitivity analysis.

BACKGROUND

Basic Theory for Unconstrained 
Optimization

The problem is to find an optimal solution (if one 
exists) for unconstrained nonlinear optimization 
problem:
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Table 1. Grid coordinates of five departments 

X Y

15 60

25 90

60 75

75 60

80 25
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