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Abstract

This course is part of a series on engineering methods in Microsoft Excel tailored to practicing
engineers. This course series presents Microsoft Excel tools that can be used for a wide range of
engineering analyses and data management. This course covers an introduction to applied
optimization problems. This course presents a review of the fundamental principles followed by
a real-life example encountered by a practicing engineer. The real-life examples are then
formulated and implemented in Microsoft Excel and worked using the various Excel tools,
spreadsheet techniques, and built-in functions. Examples from various engineering fields are
used to demonstrate the concepts and methods learned throughout this course. Upon completion
of this course, practitioners will be able to apply the methods learned to a variety of engineering
problems, and also to identify situations in their fields of specialty where the innovative
application of these tools and methods will be advantageous to their output and to their work
product.
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1. INTRODUCTION

1.1 Overview

Engineers are constantly challenged with solving a wide range of complex analytical and
computational problems in their fields of specialty. These problems involve analysis
methodologies and the management of data. The application of computers enables repetitive,
time-consuming and often tedious calculations to be conducted rapidly, efficiently, and less
prone to errors. The application of computer tools also enables the results and outputs of such
engineering analyses to be readily transferred and incorporated into reports and other engineering
documents. An even greater advantage, in terms of productivity and efficiency, is realized when
these calculations and outputs are replicated across numerous projects. Competence in computer
skills predisposes engineers to pursue and develop more creative and innovative solutions to
problems than otherwise.

Microsoft Excel is an electronic spreadsheet program developed by the Microsoft company, and
part of the Microsoft Office suite of products. A spreadsheet is a grid that organizes data and
calculations into columns and rows. The intersection of a column and a row is called a cell. An
electronic spreadsheet enables users to store, organize, manipulate, and analyze data in the cells
of the spreadsheet. As of this publication, the software is into the 2016 release.

Microsoft Excel is widely and increasingly being used as a tool to assist engineers in conducting
and replicating intricate calculations and analysis, designing complex systems, and managing
large data sets. This course presents a selection of engineering analysis topics and how to
formulate, implement and solve them in Microsoft Excel.

This course presents fundamental principles and engineering applications of problems in applied
optimization, and demonstrates the Excel tools, methods, and strategies that can be used to
formulate and solve them.

Upon completion of this course, participants will have gained insight into applying Excel tools,
methods, and strategies in analyzing, formulating and implementing a variety of engineering
related problems, as well as managing large sets of complex data. Participants will also be able to
identify professional situations where the application of innovative Excel techniques will be of
great benefit and advantage, and will enable practitioners to significantly improve their
productivity, efficiency, and the quality of their work product.
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2. APPLIED OPTIMIZATON
2.1 Introduction

Engineers and scientists often encounter problems where decisions must be made, such as
selecting the “best” or optimal setting of a manufacturing device to obtain the best product,
selecting the dimensions of a product or system during the design phase that meets customer
expectations, selecting the amount of resources needed to perform a task given the various
constraints such as availability of labor and equipment, as well as budgetary constraints etc., etc.

In decision problems of this nature, the overall objective may be expressed as some function
(called the objective function) of the input variables (or decision variables), and the analyst
seeks to find values of the decision variables that result in the optimal value of the objective
function. The optimal value of the objective function is generally based on minimization or
maximization of the objective function based on the nature of the problem. For example in
optimizing the setting of a manufacturing device the objective of the industrial engineer may be
to minimize the amount of defective product, or in the selection the amount of resources to
perform a task, the objective may be to maximize productivity and doing so within the
constraints imposed by the availability of labor and equipment, as well as the budget.

Optimization (also called mathematical programming) involves formulating decision problems
and finding decision variable values that optimize (maximize or minimize) the objective function
of the decision variables subject to the applicable constraints on the decision variables’ values.

Optimization problems are a core element of the broader field of Operations Research which is
concerned with the formulation, analysis, and solution of large and complex mathematical
problems found in engineering, the sciences, management, and business.

2.2 Formulation of Optimization Models

Let us use a practical example to illustrate the formulation of an optimization model (or
mathematical program) and the general structure used to represent an optimization problem, as

well as other fundamental concepts.

Consider a cocoa processing plant in the southern United States that processes raw cocoa beans
sourced from three global suppliers to produce four products namely cocoa liquor, cocoa butter,
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low-fat cocoa powder, and fat-free cocoa powder. Cocoa liquor is a solid/ semi-solid substrate
used in the manufacture of chocolate. Cocoa butter is an ingredient in chocolate and the main
ingredient of white chocolate. Cocoa butter is also used in skincare products and pharmaceutical
products. Cocoa powders are used in beverages, baking products, and dyes.

The cocoa processing company obtains the raw material-cocoa beans, from three sources,
namely Brazil, Ghana, and Mexico. 1 ton of beans from Brazil yields 0.30 tons of cocoa liquor,
0.30 tons of cocoa butter, 0.35 tons of low-fat cocoa powder, and 0.05 tons of fat-free cocoa
powder. 1 ton of beans from Ghana yields 0.20 tons of cocoa liquor, 0.43 tons of cocoa butter,
0.3 tons of low-fat cocoa powder, and 0.07 tons of fat-free cocoa powder. 1 ton of beans from
Mexico yields 0.15 tons of cocoa liquor, 0.50 tons of cocoa butter, 0.25 tons of low-fat cocoa
powder, and 0.10 tons of fat-free cocoa powder.

The cost per ton of the cocoa beans varies by country due to shipping charges, and other freight
related taxes and fees. A ton of raw cocoa beans from Brazil costs $3,200, whereas a ton of raw
cocoa beans from Ghana costs $3,600. A ton of raw cocoa beans from Mexico costs $3,000,

Due to factors in the source countries, Brazil can supply up to 20,000 tons per month of raw
cocoa beans, Ghana can supply up to 10,000 tons per month, and Mexico can supply up to
15,000 tons per month. In order to maintain a diverse supply base of the raw material it is the
company’s policy that each source will supply at least 25% of the total monthly supply of the
raw material.

The cocoa processing plant has supply contracts with confectionaries, pharmaceutical companies
and chemical plants around the world. In order to meet its contractual obligations, the cocoa
processing plant must produce and deliver 6,000 tons per month of cocoa liquor, 12,000 tons per
month of cocoa butter, 9,000 tons per month of low-fat cocoa powder, and 2,500 tons per month
of fat-free cocoa powder.

Like any other company, the cocoa processing facility shall purchase the raw material in such a
manner as to minimize its costs. The question is how many tons per month of cocoa beans should

the cocoa processing company purchase from each source?

Solution: The overall objective of this operation is to minimize costs resulting from the cost of
purchasing the raw material from the three source countries.
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Let x; denote the tons per month purchased from Brazil,
Let x2 denote the tons per month purchased from Ghana, and
Let x3 denote the tons per month purchased from Mexico.

S0 X1, X2, X3 are the decision variables.

The objective function can therefore be expressed as

minimize 3200x; + 3600x, + 3000x3

Achieving this objective is subject to several constraints which we shall group as follows.

Constituents: In order to meet the contractual obligation of supplying at least 6,000 tons of cocoa
liquor the processing company shall obtain some amount of cocoa liquor from every ton
purchased from each source. This can be expressed as

0.3x; + 0.2x, + 0.15x3 = 6000 [cocoa liquor]

Likewise for the other constituents we obtain

0.3x; + 0.43x, + 0.5x; > 12000 [cocoa butter]
0.35x; + 0.3x; + 0.25x5 = 9000 [low-fat cocoa powder]
0.05x; + 0.07x, + 0.1x5 = 2500 [fat-free cocoa powder]

Supply: The constraints due to how much each source country can supply per month can be
expressed as follow,

x; < 20000 [Brazil supply]
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x, < 10000 [Ghana supply]

x5 < 15000 [Mexico supply]

Diversification: The company has decided to maintain a diverse supply of raw material by
purchasing a minimum of 25% of its total monthly supply from each source.
Thus, for Brazil,

x1 = 0.25 (x1 + x5 + x3)

Or
0.75x; — 0.25x, — 0.25x5 >0 [diversification 1]

Similarly, for the other sources,

—0.25x; 4 0.75x, — 0.25x3 >0 [diversification 2]

—0.25x; — 0.25x, + 0.75x5 > 0 [diversification 3]

Variables: We realize that it may be mathematically possible that we obtain results for the
decision variables that are negative values. Though this may be mathematically correct it is
practically meaningless in this specific example, as one cannot purchase a negative quantity of
raw cocoa beans from say Brazil. So we shall impose constraints that specify the domain over
which our decision variables have practical meaning for the specific problem. In this example we
shall limit the decision variables to values greater than or equal to zero.

x, =0 [variable 1]

X, =0 [variable 2]
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X3 =0 [variable 3]

The constraints that govern the interactions of variables or restrictions on variables, in this case
the Constituents, Supply and Diversification, are called the main constraints, whereas the
constraints that specify the domains of the decision variables, in this example Variables, are
called the variable-type constraints.

At this juncture we have deciphered all the information in the problem statement. We can now
present our optimization model in the standard form for optimization models as follows,

Obijective function:
minimize 3200x; + 3600x, + 3000x3

Subject to:

0.3x; + 0.2x, + 0.15x3 = 6000
0.33x; + 0.43x, + 0.5x; > 12000
0.3x; + 0.3x, + 0.25x5 > 9000
0.05x; + 0.07x, + 0.1x3 > 2500
x; < 20000
x, < 10000
x5 < 15000
0.75x; — 0.25x, — 0.25x5 =0
—0.25x; + 0.75x, — 0.25x5 > 0
—0.25x; — 0.25x, + 0.75x3 > 0

x1 =0

www.SunCam.com Copyright® 2017 Kwabena Ofosu, Ph.D., P.E., PTOE

[cocoa liquor]

[cocoa butter]

[low-fat cocoa powder]
[fat-free cocoa powder]
[Brazil supply]

[Ghana supply]
[Mexico supply]
[diversification 1]
[diversification 2]
[diversification 3]

[variable-type 1]

Page 9 of 88


http://www.suncam.com/

Suam )

Engineering Methods in Excel
A SunCam online continuing education course

x, =0 [variable-type 2]

X3 =0 [variable-type 3]

2.3 Classification of Optimization Models

In our cocoa processing problem, the objective function and all the constraints are linear
functions of the decision variables, and the decision variables are continuous, that is they can
take on whole number as well as decimal values. An optimization model that meets all of these
properties is called a linear program (LP).

A nonlinear program (NLP) is an optimization model in which the objective function or any of
the constraints are nonlinear functions of the decision variables, and the decision variables are
continuous. Examples of nonlinear objective functions or constraints would be those that involve
any of the decision variable subject to exponentiation, logarithm, trigonometric functions, step-
wise functions etc., etc.

In some problems, the decision variables are limited to taking on only a fixed set of values,
typically integer values. In such cases the decision variables are called discrete variables, and
the optimization model is classified as a discrete optimization model. If a discrete variable can
take on any non-negative integer value it is called an integer variable. In some problems the
discrete variables are limited to taking on the value of either zero (0) or one (1) only. These are
called binary variables. Binary variables are used in problems that involve selection in an all-
or-nothing, or either-or manner. For example a bridge engineer selecting bridge projects from a
set of candidate projects to consume a given budget, subject to various regulatory and technical
constraints. In that scenario, a bridge project is either selected or not selected, there cannot be
three-quarters of a project selected, it has to be the entire project or the project is not selected.

If any one of the decision variables in an optimization model is discrete, the optimization model
is a discrete optimization model, otherwise it is a continuous optimization model. Discrete
optimization models are also known as integer programs. If all of the decision variables are
discrete then the optimization model is referred to as pure integer model, otherwise it is called a
mixed integer program.
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An integer program in which the objective function and all constraints are linear functions of the
decision variable is called an integer linear program. If the objective function or any of the
constraints of an integer program are non-linear functions of the decision variables, then it is an
integer nonlinear program.

Optimization problems may be classified as constrained or unconstrained. In an unconstrained
optimization problem, no constraints exist, whereas in a constrained problem, there are one or
more constraints.

In some optimization problems a decision variable(s) or a parameter(s) of a constraint may be
probabilistic, that is it is random and described by a probability distribution. This leads to
stochastic optimization models. Models that do not involve probabilistic variables or parameters
are described as deterministic optimization models.

In some optimization problems there may be more than one objective function. For example a
large holding company may seek to maximize profits, minimize risk, and minimize cost, all
simultaneously. A multiobjective optimization model can be used to address such problems.
Other applications of multiobjective optimization include complex engineering designs, and
resource allocation problems particularly in the government sector.

The degree to which an optimization model allows for convenient analysis is called its
tractability, i.e. how much analysis is even practical based on the formulation.

Therefore, recognizing and classifying an optimization model is an important step in selecting a
particular method that is suited to analyzing and solving it.

2.4 Solutions of Optimization Models

Any combination of values of the decision variables that satisfies all the constraints of the
optimization model is called a feasible solution. An optimal solution is a feasible solution
where the objective function reaches the optimal (maximum or minimum) value. It must be
noted that an optimization model may have a unique optimal solution or it may have several
alternative optimal solutions. An infeasible optimization model is one that has no optimal
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solutions, i.e. there is no combination of decision variables’ values that satisfy all of the
constraints.

In optimization studies, the optimal solutions are not the only output of interest. It is also
important to evaluate how the results may change if the other inputs and data used to formulate
the model were also to change. For example, one may ask how the solutions would change if the
parameters or coefficients of the objective function were to change. One may also be interested
to know how the solutions would be affected by a change to or addition of a constraint. A
systematic study of the results to explore how they will change due to changes of the input data
and parameters of the optimization model is called a sensitivity analysis.

A solution that results from simple formulas or operations on the input data is called a closed-
form solution. Closed-form solutions yield the most substantial information from sensitivity
analyses. However based on the nature of the optimization model, particularly its tractability, a
closed-form solution may not be possible.

In some optimization models it may not be possible or practical to find an exact solution. In such
cases a heuristic approach may be justified. A heuristic is any approach to solving a
mathematical program that uses a practical or approximate method that is not guaranteed to yield
an exact optimum solution.

2.5 Solving Methodologies

The focus of this chapter is the formulation of optimization problems and how to solve them
using the Excel tools. In order to apply the Excel tools effectively we must familiarize with
methodologies used to solve optimization models. In this section we shall conduct a cursory
review of some of the methodologies applied to solve optimization models. Participants who are
interested in a more in-depth and rigorous presentation of these methods are strongly encouraged
to review the operations research literature.

Some optimization models have closed-form solutions. Small optimization models with up to
two (2) or three (3) decision variables can be solved by graphical methods. However the
overwhelming majority of optimization models are analyzed and solved by numerical search
methods.
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Numerical search is a process of trying different combinations of values of the decision variables
(solutions) repeatedly in some systematically designed way until an optimal solution is found.
The most common approach to numerical search is improving search in which the process starts
at some sub-optimal solution and then the “neighboring* solutions are tested and if a better or
superior one is found the process moves to that solution and repeats.

The improving search process is repeated over and over until no better solutions can be found
from the current solution and the search is terminated. In the lingo of the optimization model, an
improving search is therefore a numerical algorithm that starts at some feasible solution, and
moves along a search path of feasible solutions such that the objective function value continually
improves. A search algorithm converges if the successive iterations move it gradually towards to
the optimal solution.

The simplex search method or simplex algorithm is the most widely used algorithm for
analyzing linear programs. Another family of algorithms used to analyze linear programs are the
interior point methods.

Simple discrete optimization models can be analyzed by total enumeration in which every
possible feasible solution is evaluated and the one yielding the optimal value of the objective
function is identified. For larger discrete optimization models, a family of search methods called
branch and bound algorithms are relevant. Other methods used to analyze discrete
optimization models include tabu search, simulated annealing, and evolutionary algorithms.
These methods are improving search methods however they allow the search to proceed over
non-improving solutions along the search path. Evolutionary algorithms for example, are
designed to mimic the biological process of evolution by natural selection where populations of
solutions evolve over several generations through reproduction (or crossover), mutation,
immigration etc.

For nonlinear optimization models, some of the popular improving search methods include
golden section search, the gradient search algorithm, Newton’s method, the Nelder-Mead
method, and penalty and barrier methods. Nonlinear optimization models are also amenable to
analysis by Calculus.
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2.6 Graphical Solutions

Let us use a graphical approach to a simple optimization problem to illustrate some of the
fundamental principles and concepts of optimization models.

Problem: An asphalt plant wants to blend recycled aggregates from two sources with aggregates
from a certified quarry to produce two grades of aggregates for asphalt, and sell to local
consumers. The premium grade requires a mix of 60% quarry aggregates, 20% Source #1
recycled aggregates, and 20% Source #2 recycled aggregates. The regular grade requires 40%
quarry aggregates, 35% source 1 recycled aggregates, and 25% source 2 recycled aggregates.
The asphalt plant has 4,000 tons of aggregate from the certified quarry, 3,000 tons of recycled
aggregates from Source #1, and 2,000 tons of recycled aggregate from Source #2. The company
projects the premium grade will result at a profit of $35 per ton, and the regular grade will result
in a profit of $25 per ton. How many tons of each mix should the recycling company produce to
maximize profits?

Solution:
Let x1 denote the number of tons of premium grade to produce.
Let x» denote the number of tons of regular grade to produce.

Obijective function:

maximize  35x; + 25x,

Let us create a table to illustrate the relationships between the constituent materials of each grade
and the availability of the constituent materials.

Product Premium Regular Availability
Grade (X) (X2) (tons)
Quarry 60%* x1 40%* X2 < 4000

Recycle #1 20%* x; 35%* x2 < 3000
Recycle #2 20%* X1 25%* X2 < 2000
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Thus we obtain the constraints

0.6x; + 0.4x, < 4000 [Quarry availability]
0.2x, + 0.35x, < 3000 [Source #1 availability]
0.2x; + 0.25x, < 2000 [Source #2 availability]
x; =0 [variable-type 1]
x, >0 [variable-type 2]

We shall now plot each constraint function (x2 versus x1) using the equality condition, and
determine the region(s) of the graph that are consistent with the inequality condition of the
constraint. Let us start with the variable-type constraints.

The first variable-type constraint is,

x1 =0

Plotting the equality condition,

x1=0

which is the vertical axis, we can see that the vertical axis and the region to the right of the
vertical axis satisfy the inequality condition of the constraint.
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Using non-negative values only, the relevant region for this constraint is therefore the entire
quadrant of the x1, x2 reference frame.
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9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000

1,000

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000

X1
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For the second variable-type constraint we obtain,
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We can now move on to the first main constraint — Quarry availability. We must determine
which region “above” or “below” the line is the “less than” region, or the “greater than” region.
Let us pick two points on the chart (1,000, 9,000) and (1,000, 8,000).

10,000
9,000
8,000
7,000

6,000

5,000
0 500 1,000 1,500 2,000 2,500 3,000

Plugging in the values in the first constraint functions, we obtain,

0.6 « 1000 + 0.4 * 9000x, = 4200 = 4000

0.6 x 1000 + 0.4 * 8000x, = 3800 < 4000
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So we see that the region “under” the line is the “less than” region, which is the relevant region
for this constraint in this optimization model.

11,000
10,000
9,000
8,000
7,000
6,000
5,000
4,000

3,000

2,000 0.6x,+0.4x, < 4000

1,000

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000

X1
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Repeating the process for the main constraint Source #1 availability, we obtain,

11,000
10,000
9,000
8,000
7,000
6,000
5,000

4,000

3,000 0.2x,+0.35x, < 3000
2,000

1,000

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000

X1
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Repeating the process for the main constraint Source #1 availability, we obtain,
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Superimposing the regions associated with each the constraint, we can identify an enclosed
region where all of the constraints are satisfied. This is called the feasible region of the
optimization model. It is only within this region (including the boundaries) that feasible solutions
can be found for this optimization model.

11,000
10,000
9,000
8,000
7,000
6,000
5,000

4,000

3,000 . .
Feasible region
2,000

1,000

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000

X1

If an enclosed (feasible) region cannot be established from the constraints’ functions, then the
model is infeasible and will have no feasible solutions. In other words there would be no
combination of decision variables that could satisfy all of the constraints.
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The vertices of the feasible region are called corner points or extreme points. It can be shown
from fundamental principles that if a linear program has any optimal solution, it has one at an
extreme point. Also, if a linear program has a unique optimal solution, then that optimal solution
must occur at an extreme point.

In our example, the extreme points of this feasible region can be determined by inspecting the
graph or by solving the equations simultaneously. The extreme points for this optimization
model are as follows.

11,000
10,000
9,000
(6,.8000)

8,000 @

7,000

6,000 (2857.14;:5714.29)

5,000
4,000
3,000 - -

Feasible region

2,000

1,000

(0, 0) (6666.66, 0)

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000

X1
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We shall now evaluate the objective function using the extreme points to find the extreme
point(s) that yield the maximum value of the objective function.

Starting from Extreme point (0, 0) :

35¥x0+25%x0=0

Extreme point (0, 8000) :

35%0+ 25 %8000 =200,000

Extreme point (2857.14, 5714.29) :

35 % 2857.14 + 25 x 5714.29 =242,857.15

Extreme point (6666.66, 0) :

35 % 6666.66 + 25 x 0 =233,333.10

Thus we see that the objective function is maximized at (x1, X2) = (2857.14 tons, 5714.29 tons),
resulting in maximized revenues of $242,857.15.

The optimal solution for this optimization model is therefore
(X1, X2) = (2857.14 tons, 5714.29 tons).
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Our conclusion is that the recycling company should mix 2857.14 tons of premium grade, and
5714.29 tons of regular grade.

11,000
10,000
9,000

(6,.8000)
8,000 @

Optimal solution

(2857.14, 5714.29)

Feasible region

7,000
6,000
5,000
4,000
3,000
2,000

1,000

.(0, 0) (6666.66, 0)

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000

X1

In conclusion, the graphical methods are amenable to simpler models with two (or three)
decision variables. Beyond that it becomes increasingly difficult, if not, impossible, to visualize
graphs and regions in multidimensional space. Therefore, for larger optimization models,
analytical and numerical methods are preferred. The simplex algorithm is the most widely used
method used to solve many kinds of linear programs. The simplex algorithm is a procedural
extension of the graphical approach that sifts through the set of basic feasible solutions, one at a
time, until the optimal basic feasible solution is identified, if one exists. Participants in this
course are referred to the Operations Research literature for a comprehensive review of the
simplex algorithm.
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2.7 Excel Solver

The Excel Solver Add-In tool can be used to set up and solve optimization models in Excel. As
an Add-in, Solver is not readily available with a regular Excel install and must be specifically
activated from the Add-in window. Once activated however Solver remains available for use
unless or until the user deactivates or resets their computer to a setting that predates the Solver
activation.

Let us perform the following steps to activate Solver.

Open Excel
Click on FILE
= Book1 - Excel ?T EH - O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
ol Lo = iti ing - . -
D % Calibri A s =E=E - 5 General . %CondltlonalFormatﬂng li;““'lrwser‘!: Z %Y H
. Eg - GFormat as Table~ i Delete - E' Sort & Find &
aste PR v - y = = = &= 9= - - €0 .00 e ort n
.o B Iy = P-A- S=E=EE $ % 0 S [57 cell styles~ EdFormat & v Eibere Select
Clipboard Font [r] Alignment [r] Number ] Styles Cells Editing -
Al - f ~
A B C [} E F G H J K L M N 0] -

I

DR G Mo oW oo n s W

Limits Report 1 Sheet? | Sheetd | Sheet5 | Sheet6 (©) 1 v

-
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Click on Options

Book? - Excel 7 - 080 %
Sign in
Booki
F
Protect Workbook Properties -
} Control what types of changes people can make to this workbook. Size 12.1KB
Protect X . .
Waorkbook ~ Title Add a title
Tags Add atag
Categories Add a category

@ Inspect Workbook Related Dates
N/

Before publishing this file, be aware that it contains:

Check for Document properties, printer path, author's name and absolute path Last Modified Today, 10:43 PM
[=r=r Content that people with disabilities are unable to read Created 1/2/2017 812 PM
Last Printed
Versions R
elated People
Account a p
ﬁ Today, 10:43 PM (autosave) Authar
: Manage K. Ofosu
Options Versions ~
Add an author
Last Madified By
) ) K. Ofosu
Browser View Options
-Q Pick what users can see when this workbook is viewed on the Web.
Browser View Related Documents
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Customize Ribbon
Quick Access Toolbar
Add-Ins

Trust Center

Excel Options
General ) . ]
e F.[}. General options for working with Excel.
Formulas “
Proofing User Interface options
Save Show Mini Toolbar on selection
Language Show Quick Analysis eptions on selection
. Enable Live Preview '
Advanced

ScreenTip style: | Show feature descriptions in ScreenTips EI

When creating new workbooks

Use this as the default font: | Body Font IZ|
Font size: 11 IZI

Default view for new sheets: | Mormal View El

Include this many sheets: 1 =

Personalize your copy of Microsoft Office

User name: Ofosu, Kwabena KB

[7] Always use these values regardless of sign in to Office.

Office Background: | Tree Rings Iz‘
Office Theme: White [ =]
Start up options

Choose the extensions you want Excel to open by default: | Default Programs...

Tell me if Microsoft Excel isn't the default progam for viewing and editing spreadsheets,

Show the Start screen when this application starts

[ ok || Cancel
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St

Under Manage, select Excel-Add-Ins, and hit Go

Excel Options @
General . . . ) .
.8 View and manage Microsaft Office Add-ins.
Formulas
Proofing Add-ins
Save - i
Mame Location Type Iind
Language Active Application Add-ins
) Bluebeam OfficefddIn mscoreedll COM Add-in
Advanced Laserfiche Excel(2010) Add-in mscoree.dll COM Add-in
Customize Ribbon Laserfiche Excel(2013) Add-in mscoreedll COM Add-in
) Solver Add-in o fficel 5\ Libran\ SOLVER\SOLVER.XLAM  Excel Add-in
Quick Access Toolbar
Inactive Application Add-ins
(E3ANE Analysis ToolPak i ficel S\Librany\ Analysis ANALYSIZXLL  Excel Add-in £
Trust Center Analysis ToolPak - VBA Ch.elSiLibran\Analysis\ATPVBAEN XLAM  Excel Add-in
Dlate (XML) Ciicrosoft Shared\Smart Tag\MOFL.DLL  Action
Euro Currency Tools Chice\Officel 5S\LibranAEUROTOOLXLAM  Excel Add-in
Inquire G ft Office\Officel MDCF\NativeShim.dil - COM Add-in
Microsoft Actions Pane 3 XML Expansion Pack
Microsoft Office PowerPivot for Excel 2013 Chodd-in\PowerPivotExcelClientAddIn.dll - COM Add-in
Power View ChLAdd-im\AdHocReportingExcelClient.dll COM Add-in 5
Document Related Add-ins
No Document Related Add-ins -
Add-in: BluebeamOfficefAddIn
Publisher: <Mone=
Compatibility: Mo compatibility infermation available
Lecation: mscoreed|l
Description: Bluebeam PDF Office Add-In
[WELEL I Excel Add-ins El

[ ok || Cancel

The Add-Ins window is opens.
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Under Add-Ins available, check the Solver Add-In to activate it.

Add-Ins 7 el
Add-Ins available:
DAnaI}rsis ToolPak - 0K

[ Analysis ToolPak - VBA
[ Euro Currency Tools Cancel
vl Solver Add-in

Browse...

i

Automation...

Solver Add-in

Tool for optimization and equation solving

Hit OK.

The Add-Ins window is dismissed.
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Return to your main Excel window and go to the DATA tab.
Notice that the Analysis palette now has the Solver icon.

N\

BH = \ Book1 - Excel ?E - O %
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
B ||¢n =] Connections 8] Y Clear E’E [E Flash Fill B+o Consolidate & Group ~ ?It Salver
= Properties i Reapply BB Remove Duplicates E’:)What-lfAnalysis' 2] Ungroup -
Get External Refresh - 7| Sort Filter to o .
Data = All+ Edit Links Vo Advanced  columns So Data Validation ~ Relationships Eff subtotal

Connections Sort & Filter Data Tools Outline o Analysis -

Al - fe IS

A E C D E F G H J K L M M o] -

]

2
3
4
5
6
7
8
9
10
1
12
13
14
15

v

] Limits Report 1 Sheet? | Sheetd | Sheet5 | Sheet6 (©) 1 3
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2.8 Optimization Models in Excel

With the Solver Add-In activated we may now set up and solve our cocoa processing
optimization model. Recall that the optimization model in standard form is as follows.

Obijective function:
minimize 3200x; + 3600x, + 3000x3

Subject to:
0.3x; + 0.2x, + 0.15x5 = 6000 [cocoa liquor]
0.3x; + 0.43x, + 0.5x5 > 12000 [cocoa butter]
0.35x; + 0.3x, + 0.25x5 = 9000 [low-fat cocoa powder]
0.05x; + 0.07x, + 0.1x5 = 2500 [fat-free cocoa powder]
x; < 20000 [Brazil supply]
x, < 10000 [Ghana supply]
x3 < 15000 [Mexico supply]
0.75x; — 0.25x, — 0.25x5 >0 [diversification 1]
—0.25x, + 0.75x, — 0.25x3 =0 [diversification 2]
—0.25x, — 0.25x, + 0.75x; =0 [diversification 3]
x>0 [variable-type 1]
X, =0 [variable-type 2]
x5 =0 [variable-type 3]
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To set up the problem we shall compile the coefficients of the objective function and all of the

constraints into a table as follows.

Open a new Worksheet.

Enter the following table headers for the three source countries for the raw materials and for the

respective decision variables.

H - 5 Book] - Excel
FILE HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW
% Calibri -l - == = =3 General - E%ConditinnalFormatting'
- Eg- B T U~ Ay ===K- $-% * [FromatasTable-
Lo M- A~ &Z= - R (7 Cell Styles -
Clipboard Font ra Alignment M Number P Styles
C6 - fe
A B C D E F
1 Brazil Ghana Mexico
2 x1 x2 x3
3
4
5
6 | I
| |
7
8
9
10
11
12
13
14
15
Sheet1 | Sheet3 | Sheet2 O] [

TEH - O X
DEVELOPER FOXIT READE +
E‘I'Insert - %
£ Delete ~
= Delete 7 ¢ fiting
=] Farmat = -
Cells Y
W
H e

Provide the borders as depicted to enhance distinguishing the various elements.
Note that Row 3 cells are currently blank.
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Enter the coefficients of the objective function

H - : Bookl - Excel ? B - B0 X
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READE »
LT Calibri - - == = =3 General A ConditinnalFormatting' Emlnsert - i
. D g~ B I U~ A 4 === - $ -0 0 GFDrmatasTable' E" Delete - Editi
aste v ng
- v E=E = F- %6 8 (27 Cell Styles - =] Format - -
Clipboard = Font P Alignment m MNumber T Styles Cells -
E7 - ﬁf w
A B C D E F G H -
1 Brazil Ghana Mexico
2 x1 x2 x3
3
4 3200 3600 3000
5
6
T :I
8
]
10
11
12
13
14
15 -
Sheetl | Sheet3 | Sheet2 ) 1 r

The objective function value is computed by multiplying each decision variable by its respective
coefficient and adding up these products.

Use the point-and-click method, with absolute references for the decision variables to set this up
as follows.

Select the cell that will hold the objective function value.

Type “="

Click on decision variable x; value cell.

Hit F4 on your keyboard to make the decision variable value cell an absolute reference.
Type “*”

Click on the cell holding the coefficient of x; in the objective function.
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Type “+”

Click on decision variable x> value cell.

Hit F4 on your keyboard.

Type "

Click on the cell holding the coefficient of x> in the objective function.
Type “+

Click on decision variable x3 value cell.

Hit F4 on your keyboard.

Type “**

Click on the cell holding the coefficient of xs in the objective function.

H - z Bookl - Excel ? B - 0O %
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READE »
3% 11 Genera z] Conditional Formatting Insert i
- g~ B I U . % Format as Table Delete Editing
B ] Cell Styles Format -
Clipboard = Faont Alignment MNumber Styles Cells -
D4 - > v =5B53*B4+5053%CA+5D53%D4 v
A = C D E F G H -
1 Brazil Ghana Mexico
2 x1 x2 %3
3 ! |
4 3200 3600 ! 3000 1=5B53*BA45C53°C4+5D53%D4
5
6
7
8
9
10
1
12
13
14
15 T
Sheetl | Sheet: | Sheet2 )] 1 »

POINT %3
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Note that absolute reference (F4) was used on the decision variables’ values cells so that in
calculations we shall perform later on, we may use the fill handle technique while keeping the

decision variables’ values cell references fixed accordingly.

Hit Enter on your keyboard to complete the formula entry.
Add a note for the objective function calculations.

H - 5 Book] - Excel
FILE HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW
T 4 Calibri -l - == = =3 General - E%ConditinnalFormatting'
ptDEEv B I U- Ay ===E- $-%* [HromatasTable~
aste
- - A~ g3 - S8 (7 Cell Styles -
Clipboard Font ra Alignment M Number P Styles
H3 - Fe
A B C D E F
1 Brazil Ghana Mexico
2 x1 x2 x3
3
4 3200 3600 3000 o
5
&
7
8
9
10
11
12
13
14
15
Sheetl Sheet3 Sheet2 [

TEH - O X
DEVELOPER FOXIT READE +
E‘I'Insert - %
£ Delete ~
= Delete 7 ¢ fiting
=] Farmat = -
Cells Y
W
H e

[obj function]
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Let us now enter the coefficients of the first main constraint (cocoa liquor).

H - : Bookl - Excel ? B - B0 X
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READE »
LT Calibri - - == = =3 General A ConditinnalFormatting' Emlnsert - i
. D g~ B I U~ A 4 === - $ -0 0 GFDrmatasTable' E" Delete - Editi
aste s mng
I R R &= 3= #- S8 (27 Cell Styles - [ Format~
Clipboard = Font P Alignment m MNumber T Styles Cells -
ES - f;f w
A B C D E F G H -
1 Brazil Ghana Mexico
2 x1 x2 x3
3
4 3200 3600 3000 2] [ob] function]
5 0.3 0.2 0.17 | .I
6
7
8
]
10
11
12
13
14
15 A
Sheetl | Sheet3 | Sheet2 ) 1 r
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We shall now compute the value of the left hand side (LHS) of this constraint by multiplying
each decision variable value by its respective coefficient in the constraint and adding up the
products, just as we did in setting up the objective function value.

H ©- = Book - Excel 7T EH - O %
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER PDF Sign i
-B-D X 11 Genera =] Conditional Formatting Insert %
Bz~ B I U % Format as Table Delete
Paste 5 ) ) . Editing
- ] Cell Styles Format -
Clipboard Font Alignment Mumber Styles Cells A
SUM - o W b =5BS3*B5+5CS3*CH45D53*D5 hd
A B C D E F G H | -
1 Brazil Ghana Mexico
2 x1 x2 x3
3 | |
4 3200 3600 3000 2] [obj function]
5 | | 0.3 | 0.2 | 0.15 lcs+spss*os |
]
7
&
]
10
1
12
13
14
15 -
1 Sheetl Sheet3 Sheet2 4 3

In fact we may have alternately simply performed a fill handle on the objective function value to
the relevant cell for the cocoa liquor LHS value.
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The cocoa liquor constraint involves a “greater than or equal to” (* >= ") condition.

Type in the “ >=" accordingly. For now, this is simply a reminder note but shall guide us once
we get into the Excel Solver tool itself.

H ©- z Bookl - Excel 7 B - 0O X
HOME = INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  FOXITREADERPDF  Signir

C T Calibri -ln - == = =3 General - %ConditiunalFurmatting' g“’lnsert - i
. D g~ B I U~ A 4 === - % -0 s GFormatasTable' E" Delete - Edit
aste vt iting
. ~ . e A E = F- a3 (7 Cell Styles - =] Format - -
Clipboard Font Pl Alignment o Mumber Styles Cells A
Fb6 - b hd
A B C D E F G H | -
1 Brazil Ghana Mexico
2 x1 x2 x3
3
4 3200 3600 3000 ] [obj function]
3 0.3 0.2 0.15 (o] =
: —
]
]
10
11
12
13
14
15 -
1 Sheet1 | Sheet3 | Sheet2 *® 1 v
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Enter the value on the right hand side (RHS) of the cocoa liquor constraint.
Add a note on the end of the row.

H ©- = Book - Excel ?T B - O %
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER PDF Sign i
L T Calibri -ln - == = =3 General - %ConditionalFormatting' E‘“Insert - i
. D - B I U- A A === - % -9 GFormatasTable' E" Delete - Edits
aste v ting
- - A~ == F- i a8 29 Cell Styles ~ ] Format = -
Clipboard Faont P Alignment L Mumber Styles Cells ~
G6 - I w
A B C D E F G H | -
1 Brazil Ghana Mexico
2 x1 x2 x3
3
4 3200 3600 3000 ] [obj function]
5 0.3 0.2 0.15 ] = 6000 [cocoa liguor]
6 | ]
7
]
]
10
11
12
13
14
15 -
4 Sheet1 | Sheet3 | Sheet2 ) 1 v
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The structure for entry of the first main constraint shall be repeated for all constraints in our
model. If a decision variable is not present in a particular constraint we simply enter its
coefficient value as zero (“07).

Looking at the optimization model standard form, enter all coefficients for the remaining
constraints.

H - 2- = Bookl - Excel 7 HE - 0O X
FILE HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER PDF Sign i »
LT & Calibri - oL == = % General - CcmclitionalFu:rr'r1a’ctir1gv Emlnsert A %

. D g~ B I U~ A 4 === - S -0 0 l_‘jFormatasTabIE* E" Delete - Edit
aste vt tng
- O - A &= B i 28 GCE” Styles~ = Format - -

Clipboard Font Ma Alignment ra Mumber ra Styles Cells L
E6 - fe v

A B C D E F G H | -

1 Brazil Ghana Mexico

2 x1 x2 x3

3

4 3200 3600 3000 (] [obj function]

5 0.3 02 0.15 (8] = 6000 [cocoa liguor]

6 03 043 05 | .I

7 0.35 0.3 0.25

) 0.05 0.07 0.1

9 1 [} o}

10 o 1 o}

11 o 0 1

12 075 -0.25 -0.25

13 -0.25 075 -0.25

14 -0.25 -0.25 075

15 1 o} o

16 o 1 o}

17 ] 0 1 -
1 .. | Sheetl | Sheet3 | Sheet2 () 1 v
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Enter the computations for the LHSs by point-and-click with absolute reference for the decision
variables values cells, or simply fill handle the first main constraint down the entire table.

H - z Bookl - Excel ? B - 0O %
HOME IMNSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READE »
¥ Calibri - - == = % General A ConditinnalFormatting' Emlnsert - i
. D g~ B I U- A p === - -9 GFDrmat as Table - E"‘ Delete - Editi
aste v ng
. E = F- e (7 Cell Styles - ] Format - -
Clipboard = Faont ra Alignment o MNumber T Styles Cells -
ES - F =SBS3*B5+5CS3*C5+5D53%D5 A
A B C D E F G H -
1 Brazil Ghana Mexico
2 x1 x2 x3
3
4 3200 3600 3000 2] [ob] function]
5 0.3 0.2 0.17 ] == 6000 [cocoa liquor]
6 0.33 0.43 0.5 (0]
T 0.35 0.3 0.4 (0]
] 0.05 0.07 0.15 (0]
9 1 o] o] (0]
10 o] 1 o] (0]
1" o] o] 1 (0]
12 0.75 -0.25 -0.25 (0]
13 -0.25 0.75 -0.25 (0]
14 -0.25 -0.25 0.75 (0]
15 1 o] o] (0]
16 o] 1 o] (0]
17 0 0 1 0 = -
Sheet1 | Sheet3 | Sheet2 D) 1 ’

AVERAGE: O COUNT: 13 SUN: O
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For each constraint in the standard form of our optimization model (on page 32), enter the
relevant equality or inequality condition — less than, greater than or equal to, etc. etc.

H ©- = Book - Excel ?T B - O %
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER PDF Sign i

3% Calibri -ln - == = =3 General - %ConditionalFormatting' E‘“Insert - i

. g~ B I U- AN === - $-9% > GFormatasTable' E" Delete - Edits

aste e iting

~ - DA == F- i a8 29 Cell Styles ~ [=1 Format = -

Clipboard Faont P Alignment L Mumber Styles Cells ~

G12 - I hd
A B C D E F G H | -

1 Brazil Ghana Mexico

2 x1 x2 x3

3

4 3200 3600 3000 ] [obj function]

5 0.3 0.2 0.15 ] = 6000 [cocoa liguor]

] 0.3 0.43 0.5 (o] =

7 0.35 03 025 o =

& 0.05 0.07 01 o o=

9 1 0 4] o <=

10 o 1 4] o <=

1 o o} 1 o =

12 0.75 -0.25 -0.25 0 == | .I

13 -0.25 0.75 -0.25 0 ==

14 -0.25 -0.25 0.75 (o] =

15 1 0 4] o =

16 o 1 4] 0 as

17 0 0 1 0 = B -

4 .. | Sheetl | Sheet3 | Sheet2 ) 1 r
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For each constraint, enter the value on the RHS of the constraint.
Add a note on the end of each row.

H ©- = Book - Excel ?T B - O %
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER PDF Sign i
L T == = =3 General - %ConditionalFormatting' E‘“Insert - i
. D Eg ~ == - % -9 GFormatasTable' E" Delete - Edits
aste v ting
- ~ == F- i a8 29 Cell Styles ~ ] Format = -
Clipboard Faont P Alignment L Mumber Styles Cells ~
F16 - Je == v
A B C D E F G H | -
1 Brazil Ghana Mexico
2 x1 x2 x3
3
4 3200 3600 3000 ] [obj function]
5 0.3 0.2 0.15 ] = 6000 [cocoa liguor]
o 0.3 0.43 05 2] = 12000 [cocoa butter]
7 0.35 0.3 0.25 ] = 9000 | [low-fat cocoa powder]
& 0.05 007 01 (] = 2500 [fat-free cocoa powder]
9 1 ] ] ] <= 20000 [Brazil supply]
10 [¥] 1 ] o] <= 10000 [Ghana supply]
1 ] [a] 1 ] o= 15000 [Mexico supply]
12 0.75 -0.25 -0.25 ] = ] [diversification 1]
13 -0.25 075 -0.25 ] = ] [diversification 2]
14 -0.25 -0.25 0.75 2] = ] [diversification 3]
15 1 ] o ] = ] [variable type 1]
16 ] 1 (] (] = i ] [variable type 2]
17 ] ] 1 ] = ] [variable type 3] -
4 .. | Sheetl | Sheet3 | Sheet2 ) 1 r
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Since the objective function in this case is money, let us apply an appropriate number format to

the cell holding the computed objective function value.

H ©- S Book1 - Excel ? B - 0O x
HOME IMSERT PAGE LAYOUT FORMULAS DAgA REVIEW VIEW FOXIT READER PDF Signi
C T Calibri -n .| == = =3 General A ConditiunalFurm ing ~ E‘I'Insert A %
. D g~ B I U~ A a4 === - % -0 9 GFormatasTable E" Delete - Edit
aste vt iting
. ~ e v A == B b [7 Cell Styles - ] Format ~ -
Clipboard = Font P Alignment [ Mumber [ Styl Cells L
E4 - Je || =SBS3*BA+SCS3*CA+5SDS3I*D4 v
A B C D E G H | -
1 Brazil Ghana Mexico
2 x1 x2 x3
3
4 3200 3600 3000 | 2] I [obj function]
5 0.3 0z 0.15 ] = 6000 [cocoa liguor]
il 0.3 043 05 (] = 12000 [cocoa butter]
7 0.35 0.3 0.25 ] = 9000 | [low-fat cocoa powder]
] 0.05 0.07 0.1 o] = 2500 [fat-free cocoa powder]
9 1 [a] [a] ] o= 20000 [Brazil supply]
10 1] 1 [a] ] o= 10000 [Ghana supply]
1 1] ] 1 ] o= 15000  [Mexico supply]
12 075 -0.25 -0.25 2] = ] [diversification 1]
13 -0.25 075 -0.25 ] = ] [diversification 2]
14 -0.25 -0.25 075 (] = ] [diversification 3]
15 1 ] ] ] = ] [variable type 1]
16 [¥] 1 ] o] = ] [variable type 2]
17 ] [a] 1 ] = ] [variable type 3] -
1 . | Sheetl | Sheet3 | Sheet2 () 1 »
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Select an appropriate number or currency format.

HOME IMSERT PAGE LAYOUT FORMULAS DAFA REVIEW VIEW FOXIT READER PDF Sign i« |
C TR Calibri R E— = % < E[%Conditional Farmatting = %"Insert - i
D - B I U~ A A ===HEH- ABC General = & Delete ~ it
Paste Editing
Do & A == - 123  No specific format =1 Format ~ -
Clipboard Fant Pl Alignment M Number Cells Y
E4 - Je | =5BS3*BA+SC v
Currency

A B C D §0.00 G H -

1 Brazil Ghana Mexic . 0
Accounting
2 x1 x2 x3 E@ 5
3
4 3200 3600 3000 E Short Date [obj function]
3 0.3 02 0.15 1/0/1900 6000 [cocea liguor]
i} 0.3 0.43 0.5 Long Date L2000 [cocoa butter]
7 0.35 0.3 0.25 E Saturday, January 0, 1900 9000 [low-fat cocoa powder]
i 0.05 007 01 2500 | [fat-free cocoa powder]
9 1 ] ] | Time ‘0000 [Brazil supply]
10 0 1 [} 12:00:00 AM L0000  [Ghana supply]
1 ] [a] 1 Percentage L5000  [Mexico supply]
12 075 -0.25 -0.2¢ % 0.00% o [diversification 1]
13 -0.25 075 -0.25 ] [diversification 2]
14 025 025 0.75 l/ Fraction 0 [diversification 3]
15 1 o o 2 o o [variable type 1]
16 ] 1 [} 2 Scientific o} [variable type 2]
17 o ] 1 10 (0.00E+00 - 0 [variable type 3] -
1 .. | Sheetl | Sheet3 | Sheet2 ) More Mumber Formats... [ ’

READY B m -——h——+ o
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/

H - = Bookl - Exc
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW

L T Calibri -ln - == = =3 Mumber - %ConditionalFormatting'
. D - B I U- A A === - $-9% > GFormatasTable'

aste

- - O A SE S A i 29 Cell Styles ~
Clipboard Font I Alignment . Mumber Styles
E4 - I =S5BS3*BA+5C53¥CA+5D53* D4

A B C D [  E | F G

1 Brazil Ghana Mexico
2 x1 x2 x3
3
4 3200 3600 3000 | 0.00 l
5 0.3 0.2 0.15 0 == 6000
o 0.3 0.43 0.5 (o] = 12000
7 0.35 03 025 o = 9000
& 0.05 0.07 01 o o= 2500
9 1 0 4] o <= 20000
10 o 1 4] o <= 10000
1 o 0 1 [v] <= 15000
12 0.75 -0.25 -0.25 0 == 0
13 -0.25 0.75 -0.25 0 == 0
14 -0.25 -0.25 0.75 (o] = 0
15 1 0 0 o - o
16 o 1 0 o - o
17 o o 1 0 - o

4 Sheet1 | Sheet3 | Sheet2 ) 1

? ©

O =

FOXIT READER PDF

E‘“Insert -

E" Delete -

@Fnrmat'
Cells

Sign i
i
Editing

-

[obj function]

[cocoa liquor]

[cocoa butter]

[low-fat cocoa powder]
[fat-free cocoa powder]
[Brazil supply]

[Ghana supply]
[Mexico supply]
[diversification 1]
[diversification 2]

[diversification 3]
[variable type 1]
[variable type 2]
[wariable type 3]
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The values of the optimal decision variables (the solution) are currently unknown. Ultimately
these cells will contain the actual values of the decision variables (the solution) that we are
solving for. For now, to get Solver started enter any random values such as all zeros or ones,
which will serve as a starting point for the improve search algorithm.

Apply a red font to the decision variables values cells for distinction purposes.

Format the decision variables to 2 decimal places for convenience.

H ©- & Bookl - Excel ? B - O %=
HOME = INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  FOXITREADERPDF  Signi»

LT & Calibri -l - == = % General - %Conditinnaanrmatting' Emlnsert - i
. D Bg- B I U- Ay =E=E=HE- $-% * [FromatasTable- EX Delete - Edit
aste Lt ting
- ¥ e D A == - 0 38 (7 Cell Styles - 4 Format = -
Clipboard Faont Pl Alignment o Mumber Styles Cells S
E3 - fa': w
A B C D E F G H | -
1 Brazil Ghana Mexico
2 x1 x2 x3
3 0.00 0.00 0.00 1
4 3200 3600 3000 0.00 [obj function]
5 0.3 0.2 0.15 ] = 6000 [cocoa liguor]
il 0.3 0.43 05 ] = 12000 [cocoa butter]
7 0.35 0.3 0.25 ] = 9000 | [low-fat cocoa powder]
2 0.05 0.07 01 2] = 2500 [fat-free cocoa powder]
9 1 ] o ] <= 20000 [Brazil supply]
10 ] 1 (] (] = 10000 [Ghana supply]
11 ] ] 1 ] <= 15000 [Mexico supply]
12 0.75 -0.25 -0.25 o] = ] [diversification 1]
13 -0.25 075 -0.25 ] = ] [diversification 2]
14 -0.25 -0.25 0.75 ] = ] [diversification 3]
13 1 ] [a] ] = ] [variable type 1]
16 ] 1 ] 2] = ] [variable type 2]
17 ] ] 1 ] = ] [variable type 3] -
1 .. | Sheet1 | Sheet3 | Sheet2 *® 1 v
READY FH M -— 4 o0
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Though not required to solve this problem, let us add a calculation of the sum total of the
decision variables, in other words total number of tons of raw cocoa beans purchased.

H ©- z Bookl - Excel 7 B - O %
HOME = INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  FOXITREADERPDF  Signir

3% 11 Genera z| Conditional Formatting Insert i
- Bz~ B I U . % Format as Table Delete Editing
. Cell Styles Format -
Clipboard Faont Alignment Mumber Styles Cells ~
D3 - > & Jx || =B3+C3+D3 v
A B C D E F G H | -

1 Brazil Ghana Mexico

2 x1 x2 x3

3 | I 0.00 000 § __ 000 | =83+303 |

4 3200 3600 3000 0.00 [obj function]

5 0.3 0.2 0.15 ] = 6000 [cocoa liguor]

o 0.3 0.43 05 2] = 12000 [cocoa butter]

7 0.35 0.3 0.25 ] = 9000 | [low-fat cocoa powder]

& 0.05 007 01 (] = 2500 [fat-free cocoa powder]

9 1 ] ] ] <= 20000 [Brazil supply]
10 [¥] 1 ] o] <= 10000 [Ghana supply]
1 ] [a] 1 ] o= 15000 [Mexico supply]
12 0.75 -0.25 -0.25 ] = ] [diversification 1]
13 -0.25 075 -0.25 ] = ] [diversification 2]
14 -0.25 -0.25 0.75 2] = ] [diversification 3]
15 1 ] o ] = ] [variable type 1]
16 ] 1 (] (] = ] [variable type 2]
17 ] ] 1 ] = ] [variable type 3] -

4 .. | Sheet1 | Sheet3 | Sheet2 ()] < ,

POINT
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Format the sum total of the decision variables to two decimal places for consistency.

To enhance the distinction of elements of the table, let us color code the objective function and
the calculated LHSs of the constraints as follows.

H ©- S Book1 - Excel ? B - 0O x
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER PDF Signi
C T Calibri -n .| == = =3 General A ConditiunalFurmatting' E‘I'Insert A %
. D g~ B I U~ A a4 === - % -0 '}FormatasTable' E" Delete - Edit
aste v tng
. ¥ H- &-A- == B b [7 Cell Styles - ] Format ~ -
Clipboard = Font P Alignment [ Mumber [ Styles Cells L
F1 - Je v
A B C D E F G H | -
1 Brazil Ghana Mexico | .I
2 x1 x2 x3
3 0.00 0.00 0.00 0.00
4 3200 3500 3000 0.00 [obj function]
5 0.3 02 0.15 ] = 6000 |[cocoa liguor]
il 0.3 0.43 05 ] = 12000 |[cocoa butter]
7 0.35 0.3 0.25 ] = 9000  |[low-fat cocoa powder]
] 0.05 0.07 0.1 0 = 2500 |[fat-free cocoa powder]
9 1 ] 0 [a] o= 20000 |[Brazil supply]
10 o 1 0 ] o= 10000 |[Ghana supply]
1 o ] 1 ] o= 15000 |[Mexico supply]
12 0.75 -0.25 -0.25 2] = ] [diversification 1]
13 -0.25 075 -0.25 ] = 0 [diversification 2]
14 -0.25 -0.25 0.75 ] = 0 [diversification 3]
15 1 o o ] = o [variable type 1]
16 o 1 ] 0 = 0 [variable type 2]
17 o ] 1 [a] = ] [variable type 3] -
4 .. | Sheetl | Sheet3 | Sheet2 () 1 r
READY FH M -—p——— 4 o

At this juncture we have all the information in place needed by Excel Solver to solve the
optimization model. We shall now move ahead with setting up Solver so it can search for the

optimal solution.
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Click on DATA tab.
In the Analysis palette click on Solver to open the Excel Solver.

/

/

H ©- = Book - Excel / ? - 0O x
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT REAJER PDF Sign i
E: ’T’\; [z Al Y E’E EE" Flash Fill foa ] i Data Angfysis
= ) Bl Remove Duplicates B - . ?n; Solver
Get Buternal Refresh z] Sort  Filter Textto - Outline
Data - All~ "  Columns = Data Validation - -
Connections Sort & Filter Data Tools Analysis ~
F1 - b hd
A B C D E F G H | -
1 Brazil Ghana Mexico | .I
2 x1 x2 x3
3 0.00 0.00 0.00 0.00
4 3200 3600 3000 0.00 [obj function]
5 0.3 0.2 0.15 2] = 6000 |[cocoa liguor]
il 0.3 043 05 ] = 12000 |[cocoa butter]
7 0.35 0.3 0.25 ] = 9000 |[low-fat cocoa powder]
& 0.05 007 01 ] = 2500 |[fat-free cocoa powder]
] 1 ] ] 0 <= 20000 |[Brazil supply]
10 ] 1 [a] [a] o= 10000 |[Ghana supply]
1 1] ] 1 ] o= 15000 |[Mexico supply]
12 0.75 -0.25 -0.25 ] = ] [diversification 1]
13 -0.25 075 -0.25 2] = ] [diversification 2]
14 -0.25 -0.25 075 ] = ] [diversification 3]
15 1 ] (] ] = ] [variable type 1]
16 ] 1 ] ] = ] [variable type 2]
17 [¥] ] 1 0 = ] [variable type 3] -
4 ... | Sheet1 | Sheet3 | Sheet2 () < ’
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The Excel Solver (Solver Parameters window) opens.

H % &~ =
HOME  INSER

B =

Get Bxternal  Fefrezh
Data~ All ral

Set Objective: ||

5
—

il To: ® Max O Min O Value OF:

Connections By Changing Variable Cells:

F1 -
A B Subject to the Constraints:

1 Brazil

2

3 Change
4

5 Delete
b

7 Beset All
8

9 oad/Save
10 o
1 o Make Unconstrained Variables Non-Megative
12 075 Select a Solving Method: GRG Nonlinear Options
13 -0.25
14 -0.25 Solving Method
15 1 Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP
16 o Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
17 o problems that are non-smooth,.

Sheet1 |

ENTER
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To set the objective function, click on the Set Objective textbox tab.

Set Objective: ||

To: (®) Max ) Min () Value Of:

By Changing Variable Cells:

Subject to the Constraints:

Add

Change

Delete

Reset All

Load/Save

Make Unconstrained Variables Mon-Negative

Select a Solving Method: GRG Monlinear Options

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear, Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smoaoth,
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This shrinks the Solver Parameters (Excel Solver) window to focus on selecting the location of
the objective function on the spreadsheet.

H - - -
HOME IMSER
E‘* ’TL, [=] El EE Flash Fill H*3 5] Efg Data Analysis
H S b B+ Remove Duplicates B ) 2y Solver
Get Bxternal  Refresh = z] Sort Filter Text to . o Outline *
Data = All e | ¥ | Columns = Data Validation = -
Connections Sort & Filter Data Tools Analysis Y
F1 | I v
A B C D E | F | G H [a]
1 Brazil Ghana Mexico | l
2 x1 x2 x3
3 0.00 0.00 0.00 0.00
4 3200 3600 3000 0.00 [obj function]
5 03 032 0.15 1] = 6000 |[cocoa liquor]
] 0.3 043 0.5 ] = 12000 |[cocoa butter]
7 0.35 03 0.25 (1] = 5000 |[low-fat cocoa powder]
a 0.05 007 0.1 o = 2500 |[fat-free cocoa powder]
g9 1 ] 1] ] <= 20000 |[Brazil supply]
10 (] 1 1] ] = 10000 |[Ghana supply]
11 (] ] 1 ] <= 15000 |[Mexico supply]
12 0.75 -0.25 -0.25 1] = ] [diversification 1]
13 -0.25 075 -0.25 1] = ] [diversification 2]
14 -0.25 -0.25 0.75 ] = ] [diversification 3]
13 1 ] [1] ] = ] [variable type 1]
16 ] 1 [1] 1] = ] [variable type 2]
17 ] [a] 1 1] = ] [variable type 3] -
1 ... | Sheetl Sheet3 | Sheet2 O[] | [
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On the spreadsheet click on the cell that holds the computed objective function value.
Confirm in the Solver window that the correct cell reference is in place.

HS o - x
HOME  INSER
B rrj al =2 £7 Flash Fill i G o9 Data Analysis
e b E’H Remove Duplicates E’ . Qs Salver
Get Bnternal  Refresh Z| Sort | Filter Text to . p o Outline v
Data - All o | ¥ | Columns ©& Data Validation Ba -
Connections 5ort & Filter Data Tools Analysis -
E4 | i I hd
A B C D E | F | G H | [«]
1 Brazil Ghana Mexico | l
2 xl x2 x3
3 0.00 0.00 0.00 0.00 |
4 3200 3600 scoo0 p 0. EHE____' [obj function]
5 0.3 032 0.15 ] = 6000 |[cocoa liquor]
] 0.3 043 05 ] = 12000 |[cocoa butter]
7 0.35 03 0.25 1] = 9000 |[low-fat cocoa powder]
2 0.05 0.07 0.1 0 = 2500 |[fat-free cocoa powder]
9 1 [a] ] ] o= 20000 |[Brazil supply]
10 [1] 1 ] ] o= 10000 |[Ghana supply]
11 1] [a] 1 ] o= 15000 |[Mexico supply]
12 075 -0.25 -0.25 o] == ] [diversification 1]
13 -0.25 075 -0.25 o = ] [diversification 2]
14 -0.25 -0.25 075 ] = ] [diversification 3]
13 1 ] o ] = ] [variable type 1]
16 [1] 1 2] 1] = 1] [variable type 2]
17 [1] ] 1 1] = 1] [variable type 3]
4 ... | Sheet1 Sheet3 | Sheet2 :[4] | [
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Click on the tab on the objective function textbox to return to the main Solver window.

HS o - x
B |4 718 o =7 Flash Fill g & if Data Analysis
. |_’r|-‘ Il s Y EEI B+ Remave Duplicates B LE_ ?np Solver
Get External  Refresh Z| Sort Filter Text to o Outline
Data - All o | Y Columns == Data Validation Ba -
Connections Sort & Filter Data Tools Analysis ~
E4 | i I hd
A B C D E | F | G H | [«]
1 Brazil Ghana Mexico | l
2 xl x2 x3
3 0.00 0.00 0.00 0.00 |
4 3200 3600 scoo0 p 0. EHE____' [obj function]
5 0.3 032 0.15 ] = 6000 |[cocoa liquor]
] 0.3 043 05 ] = 12000 |[cocoa butter]
7 0.35 03 0.25 1] = 9000 |[low-fat cocoa powder]
2 0.05 0.07 0.1 0 = 2500 |[fat-free cocoa powder]
9 1 [a] ] ] o= 20000 |[Brazil supply]
10 [1] 1 ] ] o= 10000 |[Ghana supply]
11 1] [a] 1 ] o= 15000 |[Mexico supply]
12 075 -0.25 -0.25 o] == ] [diversification 1]
13 -0.25 075 -0.25 o = ] [diversification 2]
14 -0.25 -0.25 075 ] = ] [diversification 3]
13 1 ] o ] = ] [variable type 1]
16 [1] 1 2] 1] = 1] [variable type 2]
17 [1] ] 1 1] = 1] [variable type 3]
. .. | Sheet1 | Sheets | Sheet2 | L [
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The full Solver Parameters window reopens.

iEH S @ -
HOME INSER

B Flrb, el Al Set Objective: |5E$4

| Get Bxternal | Refresh il To: (®) Max ) Min ) value OF:
Data~ All CUE - - -
Connections By Changing Variable Cells:
E4 | |
A B Subject to the Constraints:
1 Brazil
2 x1
3 0.00
4 3200
5 0.3
] 0.3
T 0.35
] 0.05
9 1 Load/Save
10 1]
1 o Make Unconstrained Variables Non-Megative
12 0.75 Select a Solving Method: GRG Monlinear Izl Options
13 -0.25
14 -0.25 Solving Method
13 1 Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear, Select the LP
16 0 Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.
7 1]
‘ . | Sheetl |

| |
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The objective of this optimization model is to minimize costs.
Therefore under To: select the Min option.

Set Objective:

= ) Max {Min: (") Value Of:

By Changing Variable Cells:

Subject to the Constraints:

Add

Change

Delete

Reset All

Load/Save

Make Unconstrained Variables Mon-Negative

Select a Solving Method: GRG Monlinear Izl Options

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smoaoth.
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In order to achieve the objective function (minimization of costs) the improving search algorithm
shall change the decision variables values repetitively until the optimal combination of decision
variable (or optimal solution) is found.

Under By Changing Variable Cells: click on the tab to the right of the textbox.

Set Objective: SES4

113 ) Max (®Min: () Value Of:

By Changing Variable Cells:

Subject to the Constraints:

Add

Change

Delete

Reset All

Load/5ave

Make Unconstrained Variables Non-Megative

Select a Solving Method: GRG Monlinear Izl Cptions

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear, Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.
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On the spreadsheet, select the range of cells (“block of cells”) that contain all of the decision
variables.

Ho o - x
HOME INSERM sB53:5053
B ITH Al = = Flash Fill T g ioDataAnalysis
e ¥ B-B Remave Duplicates E’ . 2y Solver
Get Bxternal  Refresh B Z| Sort | Filter Text to _ p o | Qutline v
Data = All o | T ¥ | Columns o= Data Validation = -
Connections Sort & Filter Data Tools Analysis L
D3 | : I ]
A B C D E | F | G H | [a]
1 Brazil Ghana Mexico | l
2 x1 x2 x3
[ e e e e o e e I
3 P00 T[T T 000 [ __Tomo 000
4 3200 3600 3000 0.00 [obj function]
5 0.3 0.2 0.15 1] = 6000 |[cocoa liquor]
] 0.3 0.43 0.5 1] = 12000 |[cocoa butter]
7 0.35 03 0.25 1] = 9000 |[low-fat cocoa powder]
a 0.05 0.07 0.1 1] = 2500 |[fat-free cocoa powder]
9 1 v] o 1] = 20000 |[Brazil supply]
10 [1] 1 2] 1] <= 10000 |[Ghana supply]
11 v} v] 1 1] = 15000 |[Mexico supply]
12 0.75 -0.25 -0.25 1] = 1] [diversification 1]
13 -0.25 0.75 -0.25 1] = o [diversification 2]
14 -0.25 -0.25 0.75 1] = 1] [diversification 3]
15 1 ] [a] o = o [variable type 1]
16 [1] 1 2] 1] = 1] [variable type 2]
17 [1] ] 1 o = o [variable type 3]
; .. | Sheetl | sheets | Sheet2 | [ ™
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Click on the tab to the right of the By Changing Variable Cells: textbox to return to the main

Solver window.

H & - - x
HOME INSER
E ITL‘ 8] [Z]A o E= =7 Flash Fill H+O ifq Data Analysis
e ) BB Remove Duplicates E’ . ?g Solver
Get External  Refresh z| Sort Filter Text to o Qutline
Data = All o | ¥ | Columns o= Data Validation &
Connections Sort & Filter Data Tools Analysis L
D3 - I W
A B C D E | F | G H | [a]

1 Brazil Ghana Mexico |

2 x1 x2 x3

[ e e e e i o e I

3 L___ 900 | ___ 000__ ---090 0.00

4 3200 3600 3000 0.00 [obj function]

5 0.3 032 0.15 ] = 6000 |[cocoa liquor]

] 0.3 043 05 ] = 12000 |[cocoa butter]

7 0.35 03 0.25 ] = 9000 |[low-fat cocoa powder]

a 0.05 007 01 ] = 2500 |[fat-free cocoa powder]

9 1 [a] ] ] o= 20000 |[Brazil supply]

10 [1] 1 o ] <= 10000 |[Ghana supply]

11 1] [a] 1 ] o= 15000 |[Mexico supply]

12 0.75 -0.25 -0.25 1] = 1] [diversification 1]

13 -0.25 075 -0.25 ] = ] [diversification 2]

14 -0.25 -0.25 0.75 1] = 1] [diversification 3]

15 1 [a] o o] == ] [variable type 1]

16 [1] 1 2] 1] = 1] [variable type 2]

17 v} v] 1 1] = o [variable type 3]

« Sheetl | sheets | Sheet2 | ] ™
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Set Objective: SES4

To: ) Max ® Min () Value Of:

By Changing Variable Cells:
| 5B53:5053]

Subject to the Constraints:

Add

Change

Delete

Reset All

Load/5ave

Make Unconstrained Variables Mon-Megative

Select a Solving Method: GRG Monlinear Options

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear, Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.
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We shall now add the constraints.

Click on the Add button.

Set Objective: | SES4

To: () Max @ Min () Value Of:

By Changing Variable Cells:
5B53:5D53]

Subject to the Constraints:

Delete

Reset All

Load/Save

Make Unconstrained Variables Mon-Negative

Select a Solving Method: GRG Monlinear Izl Options

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smoaoth.
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This opens the Add Constraint dialogue window.

Cell Reference: Constraint:

Under Cell Reference: click on the tab to the right of the textbox.

Cell Reference: Constraint:
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On the spreadsheet click on the cell holding the computed LHS of the first constraint.

H - &~ = Bookl - Excel
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER PDF Sign B
&l A [778) % Flash Fill Bo [ gg| EaDataAnalysis
B B e - H*n Remaove Duplicates D . Qs Solver
Get External Refresh . Zl Sort Filter Text to . . Outline -
Data~ All EUNI ¥ | Columns oo Data Validation BR -
Connections Sort & Filter Data Tools Analysis -
ES - I
A B C

1 Brazil Ghana Mexico

2 x1 x2 x3

3 0.00 0.00 0.00 0.00

4 3200 3600 3000 0.00 [obj function]

5 03 02 015 . 0o (- 6000 |[cocoa liquor]

] 03 0.43 0.5 ] = 12000 |[cocoa butter]

7 0.35 0.3 0.25 [v] = 000 |[low-fat cocoa powder]

a 0.05 0.07 0.1 ] = 2500 |[fat-free cocoa powder]

g9 1 ] ] ] “= 20000 |[Brazil supply]

10 ] 1 ] ] <= 10000 |[Ghana supply]

11 ] ] 1 ] <= 15000 |[Mexico supply]

12 0.75 -0.25 -0.25 ] = ] [diversification 1]

13 -0.25 075 -0.25 ] S ] [diversification 2]

14 -0.25 -0.25 0.75 [a] = 1] [diversification 3]

15 1 ] 1] ] = ] [variable type 1]

16 [a] 1 1] [a] = 1] [variable type 2]

17 ] ] 1 ] = ] [variable type 3]

; .. | sheeti | Sheets | Sheet? | ] 1 D

www.SunCam.com Copyright® 2017 Kwabena Ofosu, Ph.D., P.E., PTOE

Page 65 of 88


http://www.suncam.com/

Engineering Methods in Excel
A SunCam online continuing education course

Click on the tab to the right of the textbox to return to the main Add Constraint window.

Cell Reference: Constraint:

SESS

Select the applicable equality or inequality condition for this constraint.

For the cocoa liquor constraint it is “greater than or equal to”.

Cell Reference: Constraint:

SESS w |
y
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Under Constraint: click on the tab to the right of the textbox.

Cell Reference: Constraint:

SESS == v]]l

Add

On the spreadsheet click on the cell holding the RHS value of the first constraint.

b H - ¢&- s Book1 - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER PDF Sign D
B ’_’rb' =l 8] Y b 4 E’E [E7 Flash Fill g-a e #4 Data Analysis
. +| ] i o H
| Get External Refrch Zl o _ b4 —_— BB F‘\emo.elDu;ljllcate_- EE Outline ?» Saolver
Data ~ All FUN ¥ | Columns So Data Validation =45 -
Connections Sort & Filter Data Tools Analysis -~
G5 -
A B
1 Brazil Mexico
2 x1 x2 x3
3 0.00 0.00 0.00 0.00
4 3200 3600 3000 0.00 [obij functi
5 0.3 0.2 0.15 4] »= | _B000 “¥cocea liquor]
6 03 0.43 0.5 1] == 12000 |[cocoa butter]
7 0.35 0.3 0.25 1] = 9000 |[low-fat cocoa powder]
8 0.05 0.07 01 4] B 2500 |[fat-free cocoa powder]
g 1 1] o] 1] <= 20000 |[Brazil supply]
10 ] 1 o] 1] <= 10000 |[Ghana supply]
1 ] 1] 1 (1] <= 15000 |[Mexico supply]
12 0.75 -0.25 -0.25 1] == 1] [diversification 1]
13 -0.25 0.75 -0.25 1] = 1] [diversification 2]
14 -0.25 -D.25 0.75 (1] = 1] [diversification 3]
15 1 0 0 0 = 0 |wariabletype 1] il
16 ] 1 o] 1] = 1] [variable type 2]
17 ] 1] 1 (1] = 1] [variable type 3] =
; .. | sheett | sheets | Sheet2 | © [ 1 D
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Click on the tab to the right of the textbox to return to the main Add Constraint window.

4 H - &- = Book] - Excel
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER PDF Sign B
E 3] al ? )4 :’d?_ Flash Fill B e 4 Data Analysis
I+ |alZ =|EE ) .
| Get External Refresh Il Sort Filter Text to B8 REW‘D‘;E_DUI‘_J“EatE: D Outline ?I* Solver
Data - Al- e # ¥ | Columns =& Data Validation =45 -
Connections Sort & Filter Data Tools Analysis

G5 h Ie v

A B C [a]
1 Brazil Ghana Mexico 1 B
2 x1 x2 X3
3 0.00 0.00 0.00 0.00
4 3200 3600 3000 0.00 [obj function]
5 0.3 0.2 0.15 (1] == r_-_-_-_____ [cocoa liquor]
b 0.3 0.43 0.5 (1] == 12000 |[cocoa butter]
7 0.35 0.3 0.25 (1] == g000 |[low-fat cocoa powder]
] 0.05 007 01 ] == 2500 |[fat-free cocoa powder]
9 1 ] ] ] “= 20000 |[Brazil supply]
10 v] 1 ] ] “= 10000 |[Ghana supply]
1 v] ] 1 ] “= 15000 |[Mexico supply]
12 075 -0.25 -0.25 ] == v] [diversification 1]
13 -0.25 075 -0.25 ] == ] [diversification 2]
14 -0.25 -0.25 075 ] == ] [diversification 3]
15 1 0 0 0 = 0 |[variable type 1] i
16 ] 1 (] ] == ] [variable type 2]
17 ] ] 1 ] == ] [variable type 3] -

. Sheetl | Sheet3 | Sheet? | [ 1 ™
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Cell Reference: Constraint:

SESS = . =555

Add

From here we may choose one of two options.

We may click on OK to return to the main Solver window, or we may click on Add to enter data

for the next constraint.

Click on Add to enter the next constraint.

Cell Reference: Constraint:
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Repeat the process to add all remaining constraints.

After entering the last constraint, click on OK to return to the main Solver window.

L E (j - .Cé = Bookl - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER PDF Sign B

& L
| Get External Refresh z Sort =
D . |"1 .-l . Cell Reference: Caonstraint:
ata~ All [t

Connections Sort & Filter |5E51‘.-' = . |=SGS17 "~

G17 - e

A B C [a]
1 Brazil Ghana Mexico B
2 x1 x2 x3 1
3 0.00 0.00 0.00 0.00
4 3200 3600 3000 0.00 [obj function]
5 0.3 02 0.15 ] = 6000 |[cocoa liquor]
& 0.3 0.43 0.5 ] = 12000 |[cocoa butter]
7 0.35 03 0.35 o = 9000  |[low-fat cocoa powder]
a 0.05 0.07 01 ] = 2500 |[fat-free cocoa powder]
9 1 (4] ] 1] <= 20000 |[Brazil supply]
10 0 1 ] 0 <= 10000 |[Ghana supply]
11 ] ] 1 ] o= 15000 |[Mexico supply]
12 0.75 -0.25 -0.25 1] = 0 [diversification 1]
13 -0.25 075 -0.25 ] = ] [diversification 2]
14 -0.25 -0.25 075 1] = ] [diversification 3]
15 1 0 0 0 = 0 |[variable type 1] i
16 ] 1 ] ] = ] [variable type 2]
17 ] [a] 1 o] == ::_-_EI____:I [variable type 3] -

" .. | Sheet1 | sSheetz | Sheet2 ] | [
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A constraint may be selected and then modified or deleted by clicking on the Change or Delete
buttons respectively.

Set Objective: SES4

To: ) Max ® Min () Value Of:

By Changing Variable Cells:
|$B53:5D53

Subject to the Constraints:

SES10 <= 5G510
SES11 <= 5GS11
SES12 »= 5G512
2E313 == $G513
SES14 == SG514
SE515 == 5G515
SES16 »= 5G516 Delete
SE31T == SGE1T
SESS == 5GS5

ZESE == 5G56 Beset All
SEST == SG5T
SES8 == 5G52
SESD <= SG50 Load/Save

Make Unconstrained Variables Non-Megative

Select a Solving Method: GRG Monlinear Izl Options

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear, Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.
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Under Select a Solving Method: select a method from the drop down. As mentioned in the
description of the cocoa processing problem, this is a linear program, therefore the simplex
algorithm is the relevant solving method.

Set Objective: SES4

Tao: () Max @ Min () Value Of:

By Changing Variable Cells:
|$B53:5DS3

Subject to the Constraints:

SES10 <= 5GS10

SEST1 <= SGS11 &""
SES12 »= 5G512
$E413 >= $G313 Change
SES14 == 5G514
SE515 »= 5G515
SES16 > = 35516
SES1T == SGS17
SESS == 5G55
SESE > = 5GS6 Reset All
SEST »= $G5T
SESS »= 50658
SESD <= SGS9

Make Unconstrained Variables Mon-Megative

Delete

Luadﬁave/

Select a Solving Method: GRG Monlinear Cptions
GRiG Monlinear

Solving Method
Evolutionary

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear, Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.
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Note that the label below the Select Solving Method: pick list provides a brief description of
each option and its applicability.

Set Objective: SES4

To: () Max (@) Min

By Changing Variable Cells:

() Value Of:

|$B53:5D53

Subject to the Constraints:

SES10 <= 5G510
$ES11 <= $G511
SE512 »= 5G512
§E$13 »= G513
SES14 == 5G514
SE515 »= 5G515
ZES16 = SGS16
SESTT == SGS17
SESS == 5G55
SESE == 5GS6
SEST == SG5T
SESE > = 5G53
SESD <= 5G59

Add

Change

Delete

Reset All

Load/5ave

Make Unconstrained Variables Non-Megative

ErET— | Options

Select a Solving Method:

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear, Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.
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With Simplex LP selected, click on the Options button.

Set Objective: | SES4

To: () Max @ Min () Value Of:

By Changing Variable Cells:
$B53:5D53

Subject to the Constraints:
SES10 <= SG510 Add

SES11 <= 585511
SES12 == 5G512
ZE313 == 5G513 Change
SES14 »= 35514
SES15 »= 35515
SES16 == 5G516 Delete
SES17 == 3G517
SESS »= 5G5S

SESE »= 5G56 Reset All
SEST == 5GST
CESE == S8
SES9 <= 5659 Load/Save

Make Unconstrained Variables Mon-Negative

Select a Solving Method: [Simplexipe Options 4

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smoaoth.
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The Options window enables the user to change settings or parameters of the solving algorithm
itself.

All Methods IGRG Monlinear | Evoluticnary |

Constraint Brecision: ,D_Mﬂ

Use Autematic Scaling

[] show iteration Results

Solving with Integer Constraints

D lgnore Integer Constraintis

Integer Optimality (24):

Solving Limits

Max Time (Seconds):

lterations:

Evolutionary and Integer Constraints:

Max Subproblems:

Max Feasible Solutions:
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For example a user seasoned in Evolutionary algorithms may decide to change the Mutation Rate
or the Population Size.

all Methods | GRG Nonlinear Evolutionary I

Convergence: 0.0001|

Mutation Rate: 0.075

Population Size: 100

Bandom Seed: 0

Maximum Time without 30
improvement:

Require Bounds on Variables
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In this example we shall leave all default Options settings in place.

Click OK or Cancel to dismiss the Options window.

All Methods | GRG Nonlinear Evolutionary I

Convergence: 0.0001|

Mutation Rate: 0.075

Population Size: 100

Bandom Seed: 0

Maximum Time without 30
improvement:

Require Bounds on Variables
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We are now ready to solve the cocoa processing problem.

Press the Solve button to start the algorithm.

Set Objective: |s|=_|;4

To: ) Max ® Min () Value Of:

By Changing Variable Cells:

|$B53:5DS3

Subject to the Constraints:

SES10 <= 5GS10
$ES11 <= $GS11
SE512 »= 5G512
SES13 »= 5G513
SES14 == 5G514
SE515 »= 5G515
SES16 > = 5G516
SESTT == 5GS17
SESS5 == 5GS55
ZESE »= 5G56
SEST == SGST
SESE == 5G52
SESD <= 5G59

Make Unconstrained Variables Mon-Megative

Add

Change

Delete

Reset All

Load/5ave

Select a Solving Method: Simplex LP

Solving Method

Options

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear, Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver

problems that are non-smooth.
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Once an optimal solution has been found the Solver Results message notifies the user that a
solution meeting all constraints and optimality conditions has been found.

I "

Solver Results @
Solver found a solution. All Constraints and optimality
cenditions are satisfied. Reports
Answer
(%) iKeep Solver Solution Sensitivity
Limits

{2} Restore Criginal Values

[] return to Solver Parameters Dialog [] outline Reports

OK Cancel Save Scenario...

Solver found a solution. All Constraints and optimality conditions are
satisfied.

When the GRG engine is used, Solver has found at least a local optimal
solution. When Simplex LP is used, this means Solver has found a global
optimal solution.

If a feasible solution could not be found the message notifies the user to that effect and provides
general suggestions for the user to review and address, for example, checking or adding variable-
type constraints etc.

In the Reports panel, the user may select any of the reports concerning the performance of the
algorithm.
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For demonstrative purposes, select all three reports by clicking on each one.

Solver found a solution. All Constraints and optimality
conditions are satisfied. Reports
Answer
(%} Keep Solver Solution Sensitivity
Limits
{2} Restore Original Values

[] return to Solver Parameters Dialog [ outline Reports

oK Cancel Save Scenario...

Reports

Creates the type of report that you specify, and places each report on a
separate sheet in the workbook

Hit OK to dismiss the Solver Results message.
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Notice the reports created in separate worksheets.

H z Bookl - Excel ? B - O %
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER PDF Sign i
B HTA [=] 8| Y Eﬁlﬁl = Flash Fill B-a g & Data Analysis
Ll ) BB Remove Duplicates ’E‘) - . ?.;p Solver
Get Buternal Refresh Z| Sort  Filter Textto - Outline
Data~ All~ '  Columns —= Data Validation - -
Connections Sort & Filter Data Tools Analysis ”~
F1 - J v
A B C D E F G H | -
1 Brazil Ghana Mexico | .I
2 x1 x2 x3
3 7884 62 8653 85 1500000 31538 .46
4 3200 3600 3000 101384615.38 [obj function]
5 0.3 0.2 0.15 6346 = 6000 |[cocoa liguor]
il 0.3 0.43 05 13587 = 12000 |[cocoa butter]
7 0.35 0.3 0.25 9106 = 9000 |[low-fat cocoa powder]
a 0.05 007 01 2500 = 2500 |[fat-free cocoa powder]
9 1 ] ] 7885 = 20000 |[Brazil supply]
10 ] 1 ] 3654 <= 10000 |[Ghana supply]
11 [¥] ] 1 15000 <= 15000 |[Mexico supply]
12 0.75 -0.25 -0.25 [a] = ] [diversification 1]
13 -0.25 075 -0.25 769 = ] [diversification 2]
14 -0.25 -0.25 0.75 7115 = ] [diversification 3]
15 1 ] ] 7885 = ] [variable type 1]
16 ] 1 ] 8654 = ] [variable type 2]
17 [i] [i] 1 15000 = ] [variable type 3] -
1+ r .|| Answer Report 2 Sensitivity Report 2 L [ 4 3

(Your reports number suffixes may differ if you have previously used Excel Solver on your
computer).
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Click on each report to view its contents.

The Answer Report.

H = Book] - Excel T EH - O X%
HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  FOXITREADERPDF  Signir

ES @ ] g Y E’EI E= Flash Fill Bo [ gg| EHaData Analysi

E*H Remove Duplicates 'E') - . %y Solver
Get Buternal Refresh z] Sort  Filter Textto _ E Outline ¥
Data - All~ "  Columns = Data Validation - -
Connections Sort & Filter Data Tools Analysis A
Al - I Microsoft Excel 15.0 Answer Report hd
A B C D E F G H | J K -

3 | Solver Options

10 Max Time Unlimited, Iterations Unlimited, Precision 0.000001, Use Automatic Scaling

11 Max Subproblems Unlimited, Max Integer Sols Unlimited, Integer Tolerance 1%, Assume NonMegative
12

13

14 |Objective Cell {Min}

15 Cell Mame Original Value Final Value

16 SES4 0.00 101384615.38

17

18

12 |Variable Cells

20 Cell Mame Original Value Final Value Integer

21 SB53 xl 0.00 7884.62 Contin

22 SC53 w2 0.00 8653.85 Contin

23| $DS3 x3 0.00 15000.00 Contin -
4 » .. | Answer Report2 Sensitivity Report 2 e (B 4 3

READY HH M -———+ 100%
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The Sensitivity Report.
H z Bookl - Excel ? B - O %
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER. PDF Sign i
. =T “V  [E Flash Fill B-a 5| [l Data Analysis
B a2« Y - Eb | @) -
L ) BB Remove Duplicates ’E‘) - . £ Solver
Get Buternal Refresh Z| Sort  Filter Textto - Outline
Data~ All~ '  Columns —= Data Validation - -
Connections Sort & Filter Data Tools Analysis ”~
Al - I Microsoft Excel 15.0 Sensitivity Report v
A B C D E F G H J K -
1 E_Icrosoft Excel 15.0 Sensitivity Report
2 'Worksheet: [Bookl.xlsx]Sheet2
3 |Report Created: 12/31/2017 9:22:22 AM
4
5
6 |Variable Cells
7 Final Reduced Objective  Allowable  Allowable
a Cell Name Value Cost Coefficient  Increase Decrease
9 SBS3 x1 7884.615385 0 3200 1E+30 628.5714286
10 S5C53 x2 B8653.846154 0 3600 880 1645.714286
11 SDS3 x3 15000 [t} 3000 2215.384615 1E+30
12
13 |Constraints
14 Final Shadow Constraint Allowable  Allowable
15 Cell Name Value Price R.H. Side Increase Decrease -
1« Answer Report 2 | Sensitivity Report 2 I ) 4 3
READY H W -—F—+ 100%
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The Limits Report.

H z Bookl - Excel ? B - O %
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER. PDF Sign i
B HTA [=] 8| Y E’E = Flash Fill B-a &g | 9 Data Analysis
L ) BB Remove Duplicates ’E‘)‘ - . ?.;p Solver
Get Buternal Refresh Z| Sort  Filter Textto - Outline
Data - All~ '  Columns —= Data Validation - -
Connections Sort & Filter Data Tools Analysis S
Al - I Microsoft Excel 15.0 Limits Report ¥
A B C D E F G H | J K L M|
1 E_Icrosoft Excel 15.0 Limits Report
2 'Worksheet: [Bookl.xlsx]Sheet2
3 |Report Created: 12/31/2017 9:22:22 AM
4
5
& Objective
7 Cell Name Value
8 SES4 101384615.38
9
10
11 Variable Lower  Objective Upper Objective
12 Cell Name Value Limit Result Limit Result
13 SBS3 x1 7884.62 7884.62 101384615.38 10961.54 1112320769.23
14 5053 x2 8653.85 8653.85 101384615.38 8653.85 101384615.38
15 SD53 x3 15000.00 15000.00 101384615.38 15000.00 101384615.38 -
4 » .. | Sensitivity Report 2 Limits Report2 | St .. (3 4 3
READY HH m -—— 4+ 100
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Return to your optimization model worksheet.

H z Bookl - Excel ? B - O %
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW FOXIT READER PDF Sign i
E @ [=] & Y E’E EE" Flash Fil B-a ag i Data Analysis
Ll ) BB Remove Duplicates ’E‘) - . ?.;p Solver
Get External Refresh | Sort Filter Text to Outline
Data ~ All~ a I Columns =& Data Validation - -
Connections Sort & Filter Data Tools Analysis S
F1 - J v
A B C D E F G H | -
1 Brazil Ghana Mexico | .I
2 x1 x2 x3
3 7884 62 8653 85 1500000 31538 .46
4 3200 3600 3000 101384615.38 [obj function]
5 0.3 0.2 0.15 6346 = 6000 |[cocoa liguor]
il 0.3 0.43 05 13587 = 12000 |[cocoa butter]
7 0.35 0.3 0.25 9106 = 9000 |[low-fat cocoa powder]
a 0.05 0.07 01 2500 = 2500 |[fat-free cocoa powder]
& 1 ] o 7885 = 20000 |[Brazil supply]
10 o 1 o 3654 <= 10000 |[Ghana supply]
11 o 0 1 15000 <= 15000 |[Mexico supply]
12 0.75 -0.25 -0.25 [a] = ] [diversification 1]
13 -0.25 0.75 -0.25 769 = ] [diversification 2]
14 -0.25 -0.25 0.75 7115 = ] [diversification 3]
15 1 ] 0 7885 = ] [variable type 1]
16 o 1 o 8654 = 0 [variable type 2]
17 o ] 1 15000 = 0 [variable type 3]
4 w. | Limits Report2 | Sheet2 (D) 1 v
READY H M -— b+ o

We see that the optimal cost is $101,384,615.38, which is due to purchasing 7,884.62 tons of
cocoa beans from Brazil, 8,653.85 tons from Ghana, and 15,000.00 tons from Mexico. We also
see that this amounts to a total of 31,538.46 tons per week from our sources altogether. By
inspecting the LHSs versus RHSs, we see that all constraints are indeed satisfied.

On your own, consider applying relevant number formats to your output table. For example, the

objective function value is money. Also, consider adding the comma style for every three digits
to the cocoa tonnage values to enhance readability.

www.SunCam.com Copyright® 2017 Kwabena Ofosu, Ph.D., P.E., PTOE Page 85 of 88



http://www.suncam.com/

Suam )

Engineering Methods in Excel
A SunCam online continuing education course

Successful completion!

Assuming operational circumstances change in the future, the user may simply update the table
and re-run the algorithm for the new scenario. If changes involve new constraints, then the user
will have to reopen the Solver window and make the necessary updates.

It is pertinent to note that Excel Solver can solve optimization problems with up to 200 decision
variables and up to 200 constraints. Beyond these limits the user will have to use Excel Macros.
Using Macros requires the user has a thorough understanding of the details of the algorithm, and
then write code in the Excel programming language called Visual Basic for Applications, to
implement the algorithm. This author can confirm Excel’s capabilities in this regard having
successfully programmed an evolutionary algorithm involving 15,000 plus variables, and 258
constraints. The program ran for 9 days to successful completion.

For a given optimization problem, Excel Macros may be the appropriate approach to solving the
problem if it involves multiobjective optimization or stochastic optimization.

For further information on coding, participants in this course are recommended to review the

four-part series on Programming in Excel Visual Basic for Applications by this author, available
on SunCam.
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3. CONCLUSION

This course is part of a series on engineering methods in Excel. This course presented a broad
overview and introduction of fundamental principles and engineering applications in the field of
applied optimization, and how to use Excel tools to analyze and solve these types of problems.

We introduced ourselves to optimization problems and how they are used to make decisions in
planning and production of engineering systems. We learned how to formulate such problems,
and how to implement the formulation on an Excel spreadsheet. We learned how to use the Excel
Solver to analyze the formulations and obtain the optimal solution.

This course has enabled participants to identify professional situations where the innovative
application of techniques learned in this course are relevant and will be of benefit to the
productivity, efficiency, and quality of the work output of a practitioner.

Practitioners are strongly encouraged to look out for situations in their domains of expertise
where engineering methods in Excel are applicable and will be of benefit to their work and their
organization.

A successful application of engineering methods in Excel requires a careful and meticulous
approach, and can only be mastered and retained by practice and repetition.

It has been my utmost pleasure presenting this topic to you. Thank you.
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