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Abstract  
An optimization problem is one where is need to select a best element (with regard to some criterion) from some 

set of available alternatives. Optimization often is referred to as mathematical programming, which is a field of 

management science that finds the optimal, or most efficient, way of using limited resources to achieve the 

objectives of an individual or a business. In the simplest case, an optimization problem consists of maximizing 

or minimizing a real function by systematically choosing input values from within an allowed set and computing 

the value of the function. The optimization help to solve different types of problems: determining product mix, 

financial planning, routing and logistics and so on. The aim of this paper is to show how such optimization 

problem can be solved with Excel's Solver add-in.  
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Introduction 
 

Optimization takes an important role in everyday life. 

Optimization problems are real world problems that 

encounter in many areas such as mathematics, 

engineering, social sciences, business and economics, 

and even planning family vacations. Generally 

speaking, the optimization includes finding "best 

available" values of an objective function (or cost 

function) from some set of available alternatives. 

More concrete, this is a process of  maximizing or 

minimizing function in a presense or missing of 

constraints. In a first case the optimization is called 

constrained optimization and in the second - 

unconstrained optimization. A feasible solution that 

minimizes (or maximizes) the objective function is 

called an optimal solution.  

The need to solve optimization problems is due to 

limited resources (Ragsdale, 2011). For example, a 

manufactoring organization has limited inventory and 

uses a limited number of workers. Also, every single 

person has a limited amount of money for a purchase, 

and a limited amount of time to complete a task. So, 

the decision how best to use the limited resources 

available to an individual or a business is an actual 

problem. 

A number of companies have developed optimization 

software. Some of the most popular software packages 

are Matlab, MatCAD, Maple, Mathematics and so on. 

However, they all have some significant 

disadvantages. On the one hand, they all are 

commercial, not with free access. On the other hand, 

the software user must have a good programming 

skills. There are also a number of freeware and open 

source software, such as Scilab, OptaPlanner and 

OptimJ. However they have limited capabilities. A 

reasonable alternative is spreadsheet software 

programs such as Excel, Quattro Pro and Lotus 1-2-3. 

They are low cost computer tools, which have many 

built-in functions for science and engineering, 

statistics, and business. They also include convenient 

and effective optimization tools. These software 

packages are nearly identical in terms of overall 

approach, options, and even menu structure (Wraith, 

1998). In addition, spreadsheet programs provide the 

ability to present data in an attractive way, using a vast 

array of types and styles of graphics. They also come 

up with automated tools for formatting numeric 

information in any one of a wide variety of attractive 

tables. Spreadsheets include many of the tools 

associated with word processing, including the ability 

to format fonts and text alignment, insert images, and 

check spelling (Baldauf, 2010). 

This paper introduces Excel Solver Add-in as a 

decision-making computer tool. It is chosen Excel 

because is widely used and well known software 

program. Many small companies use it for their 

administrative tasks performing. In such a way, the 

users in these companies are able to quickly adapt 

themselves to the use the Solver decision-support tool.   

Also, in this paper is demonstrate how to use Excel 

spreadsheet modeling and Solver to find the optimal 

solution of optimization problems. This is done 

through examples from food industry. Such problems, 

however, are often encounterd in different business 

areas and the managers need to know how to find the 

best or optimal solution. But this is not the only 

contribution of the paper. It can also be used in the 

educational process for students prepared for 

managers.  

 

Excel Solver 
 

Solver is standard Excel package and a powerfull tool 

used to solve not only optimization problems. It 

belongs to a class of functions called what-if analysis 

tools used for optimizing problems that contain more 

than one variable. Solver helps to analyze the data 

more efficiently and to making decision in a situations 

that involve consideration of values and constraints 

for several variables simultaneously.  It is suitable not 

only for linear optimization problems, but also for 

nonlinear and even evolutionary ones. 

Before using Excel Solver, is need to determine 

whether it is installed in Excel. Start Excel and then 

click the Data tab in the Ribbon. If you see a group on 

the right side named Analysis that contains Solver, 

you do not need to install Solver (See Fig. 1). If Solver 

is not shown on the Data tab of the Ribbon is need to 

do the following steps: 

1. Click first on the Office button in the left-hand 

corner of the screen and then choose Excel options 

(See Fig. 2). 

2. Click Add-Ins (see Fig. 3) to display the available 

add-ins in the right pane. 

3. Click Go at the bottom of the right pane. The dialog 

box shown in Fig. 4 appears. 

4. Click the Solver Add-in box. 

5. Click OK to close the window and return to the 

Ribbon. If you click the Data tab again, you should see 

the Analysis group with Solver on the right. 
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Optimization model 
 

The mathematical description of a given optimization 

problem is called mathematical model. To being 

working with the Excel Solver is need to define such 

a model, which consists of following components: 

 Decision variables - these are the inputs 

variable(s), whose quantities can be changed 

and whose changes will affect the single 

output variable. These variables represent 

unknown quantities such as number of items 

to produce, amounts of money to invest in and 

so on. The decisions variables are represented 

using symbols such as X1, X2, X3,…,Xn. 

 Objective function (objective) - this is some 

function of the decision variables that the 

decision maker wants to optimize. The Excel 

Solver calculates the values of all decision 

variables that will minimize or maximize the 

objective. The Solver only changes the values 

of decision variables during its calculations. 

For example, the objective may be 

maximizing the profit, minimizing the cost, 

distance, time, etc; 

 Constraints - these are condtions or 

limitations that are imposed on any of the 

decision variables, expressed as inequalities 

or equations. Most of the problems solved 

with the Excel Solver have constraints. 

If the mathematical model consists of a linear 

objective function and linear constraints in decision 

variables, it is called a linear programming model. A 

nonlinear programming model consists of a nonlinear 

objective function and nonlinear constraints.  

 

Spreadsheet model 
 

Before running the Excel Solver add-in, spreadsheet 

model in a worksheet must be formulated. Usually 

there is more than one way to organize the data in the 

worksheet which depens on particular problem. The 

most important is to create spreadsheet model as clear 

as possible. According to optimization model 

components it is necessary to reserve the following 

cells: 

 Objective cell - this is the cell containing a 

formula that represents the objective, or goal, 

of the problem. 

 Variable cells (decision cells) - these are cells 

that contain variable data that can be changed 

to achieve the objective. Excel Solver allows 

specifying up to 200 variable cells. 

 Constraint cells - these are cells containing a 

formulas corresponding to the left-hand-side 

of each constraint.  

Product mix example 
 

The sweetshop produces butter cookies, honey 

cookies and chocolate cookies. In Table 1 are shown 

the necessary products for the production of the three 

types of cookies. It is need to determine what quantity 

of each type of cookies should be produced so that the 

sweetshop has maximum profit.  

In order to formulate the mathematical model, it is 

necessary to define decision variables, the objective 

function and the constraints. In this example the 

decision variables are the quantity of each type of 

cookies should be produced. They are denoted with 

X1, X2 and X3 for sugar cookies, honey cookies and 

chocolate cookies, respectively. The goal is to obtain  

maximum profit by the sweetshop for production of 

the three types of cookies. The objective function can 

be expressed by: 
 

 ii pXMAX *         ,               (1) 
 

where pi is the profit per kilogram of biscuits of any 

type. To prepare a kilogram of biscuits of any type 

requires a certain amount of flour, eggs, sugar, butter, 

honey and milk. It must be take into account the 

available quantity of these resources since they are 

limited. That is the reason the constraints for this 

problem to be expressed as follows: 
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Since the quantity of each type of cookies cannot be 

negative, there is also have non-negativity conditions 

on the variables: 
 

0,, 321 XXX         (3) 
 

After the mathematical model is defined, the 

implementing and solving this optimization model 

using Excel's built-in Solver must be done. In Fig. 5 

the spreadsheet model is presented.  In a cell F11 (the 

yellow-colored one) the formula of the objective 

function must be entered. According to (1) it can be 

write: 
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Formula for cell 

F11:=C10*C11+D10*D11+E10*E11 

or equivalently, 

Formula for cell  

F11:= SUMPRODUCT(C10:E10;C11:E11). 

The cell F3:F9 (the green-colored ones) are reserved 

to compute the amount of resources needed to produce 

the different types of cookies. The formula in these 

cells is similar to the one in cell F11. So, in F3 is 

entered as follow: 

F3: =SUMPRODUCT(C3:E3;$C$10:$E$10) 

and copy this formula to the other cells to F9. The 

formulas in cells F3:F9 correspond to the left hand 

side values of the constraints. 

To let the Excel Solver know which cells on the 

worksheet represent the decision variables, 

constraints and objective function, we click Solver 

button on the Excel Data tab, which displays the 

Solver Parameters dialog (Fig. 6). In the Set Objective 

(or Set Target Cell) edit box, it is need to  type or click 

on cell F11, the objective function. In the By 

Changing Variable Cells edit box, is entered C10:E10 

(these are the decision variables) or select these cells 

with the mouse. To add the constraints, click on the 

Add button in the Solver Parameters dialog and Add 

Constraints Dialog (Fig. 7) is appear. Enter (or select) 

cells F3:F9 in the Cell Reference edit box (the left 

hand side), and select cells B3:B9 in the Constraint 

edit box (the right hand side); the default relation “<=” 

is OK. When  completely optimization problem is 

entered, the Solver Parameters dialog appears as in 

Fig. 8. This is the Excel Solver dialog from Excel 

2007; the Solver in newer versions of Excel have 

similar elements.  

In Fig. 9 is shown the result returned from the Solver 

Add-in. It can be seen that in order to have a maximum 

profit, 130 kg of butter cookies, 90 kg of honey 

cookies and 60 kg of chocolate cookies have to be 

produced.  

 

Transportation Problem Example 
 

A winery has three warehouses (W1, W2 and W3), 

from which it distributes wine to five restaurant (R1, 

R2, R3, R4 and R5). At the beginning of each month, 

each restaurant orders a certain amount of wine to be 

delivered. Suppose, for example, that at the beginning 

of a month the winery had 500 bottels in warehouse 

W1, 400 bottels in warehouse W2 and 200 bottles in 

warehouse W3, and restaurants required 60, 150, 180, 

120 and 90 bottles, respectively. Which store should 

deliver which restaurant so that the shipping cost be 

minimal? In addition, Table 2 gives the prices for 

shipping of one bottle of wine from each store to each 

restaurant. 

It must be determine, in this example, how many 

bottles of wine to transport from each warehouse to 

each restaurant. In this way, these quantities are the 

decision variables. These are defined in general as: 
 

XWiRj = number of bottles to ship from i-th warehouse 

to j-th restaurant. 
 

The goal in this problem is to determine how many 

bottles of wine to ship from each warehouse to each 

restaurant while minimizing the shipping costs. The 

objective function for this problem is represented by: 
 

 ijWiRj cXMIN *                (4) 

The constraints come from considerations of supply 

and demand. The supply of wine at warehouse W1 is 

500 bottles. The total amount of wine shipped from 

warehouse W1 cannot exceed this amount. Similarly, 

the amount of wine shipped from warehouse W2 and 

warehouse W3 cannot exceed the supply of wine at 

warehouse W2 and warehouse W3, respectively. The 

sum of all bottles that have left warehouse W1 must 

be less than or equal to the supply value at that 

warehouse. Such that: 
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The demand for wine at restaurant 1 is 60 bottles, so 

the amount of wine delivered there must be equal 60. 

Similarly, considering the amounts delivered to the 

other restaurants must be equal to the demand at those 

restaurants. The sum of the all bottles delivered into a 

restaurant, must be equal to the demand value at that 

restaurant: 
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In Fig. 10 the spreadsheet model and the solution of 

the problem are presented. The Solver Parameters 

dialog is entered in a similar way to product mix 

example. The yellow-colored cell contains the 

formula of the objective function and the cells in green 

are the decision variables. It can be seen that minimum 

shipping costs will be incurred if each restaurant 
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receives the same number of bottles of wine from each 

warehouse. 

   

Conclusions 
 

The Excel Solver Add-in as a decision-making 

computer tool is presented in this paper. It is a 

powerfull software package suitable to solve different 

optimization problems-linear and nonlinear, and even 

evolutionary ones.  Also, Solver does not require 

knowledge of complex mathematical concepts behind 

the solution algorithms. This way is particularly 

helpful for managers and students who are not 

mathematics specialists. Two examples of the food 

industry have been developed to demonstrate the 

Solver capabilities. These are examples of a product 

mix and transportation problem. The Solver Add-in, 

however, can be successfully applied in different areas 

such as mathematics, engineering, social sciences, 

business and economics, and even planning family 

budget. 
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Table 1. Necessary products for the production of the three types of cookies  

 

Products Butter Cookies Honey Cookies Chocolate Cookies 

Flour 3 4 5 

Eggs 5 3 4 

Sugar 3 1 2 

Butter 4 2 2 

Honey 1 6 1 

Milk 1 4 3 

 

 

Table 2. Shipping prices of one bottle of wine from each store to each restaurant 

 
From Warehouse to Restaurant R1 R2 R3 R4 R5 

W1 C11=0,5 C12=0,9 C13=0,4 C14=0,3 C15=0,4 

W2 C21=0,2 C22=0,7 C21=0,1 C24=0,3 C25=0,7 

W3 C31=0,3 C32=0,2 C33=0,7 C34=0,6 C35=0,8 

 

 

 
 

Figure 1. Analysis group with Solver installed 

 

 

 
 

Figure 2. Excel Options selection 
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Figure 3. Add-Ins pane 

 

 

 

 
 

Figure 4. Add-Ins dialog box with Solver selected 
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Figure 5. Spreadsheet model of a product mix problem 

 

 

 

 

Figure 6. Solver Parameters dialog 

 

 

 

 
 

Figure 7. Add Constraint dialog 
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Figure 8. Filled Solver Parameters dialog 

 

 

 
 

Figure 9. Solution of a product mix problem 

 
 

 
 

Figure 10. Spreadsheet model of a transportation problem 


