
An example model in MS Solver 
Theory of constraints by E. Goldratt 

“Since the strength of the chain is determined by the weakest link, then the first step to improve an 
organization must be to identify the weakest link.” (Eliyahu Goldratt) 

Theory of constraints 

The easiest way to explain the relevance of using a model is by using a classic “Theory of Constraints” example that can be 
solved without a model. In the figure below, I show data for a classic “4 products/4 machines” problem, and a solution 
approach is proposed by E. Goldratt in his book “The Goal” (just focus on the bottleneck). However, you can also solve it by 
using a model, and some small changes in the data, you even need a model to solve it. If you don’t know what I’m talking 
about, come to my class, and I’ll explain. In this tutorial, I will not focus on how to construct the model. Instead, you’ll learn 

how to add the model into MS Excel’s Solver and solve the problem. 

The MS Excel file is available for download, but it is of course much better to construct your own Excel file using the tutorial 
below. You’ll learn more than simply downloading mine! 

Download the problem (Tab “Theory of Constraints”) from www.or-as.be/books/TSBD_Examples.xlsx 

In the following pages, you’ll learn how to enter the data in Excel, how to transform the data into a model, how to link it with 
MS Solver and how to solve the model using the wonderful secrets of Solver’s optimisation engine. Good luck! 

Taking Sound Business Decisions: From Rich Data to Better Solutions                       71

Mario Vanhoucke

Type 1

Type 2

Type 3

Type 4

0.5 1 2 0.5

1.5 2 4 1

1.5 3 1 0.5

1 4 2 0.5

Minimum production 
= 

50 of each type

9 $

12 $

15 $

16 $

210

390

430

200

1,600 1,700 3,000 1,500

Profit margin / unit Maximum demandCrusher Extruder CutterBox feeding

Maximum capacity

http://www.or-as.be/books/TSBD_Examples.xlsx


ENTER THE DATA 

STEP 0. Parameters 

All good decisions start with data (parameters), so enter them first in your Excel sheet. Seriously! It’s important! Before you 
start building your model, you should have access to the database, and you should a way to put them in Excel. You can easily 
copy paste the data in your Excel file manually (or via a script if the database is huge), and there is no real guideline on how 
to do this best. What I do know is that you should do it your way! According to your needs and wishes! The layout is not very 
important. Problem understanding however is crucial. Don’t just dump the data without knowing what they mean. First 

understanding, then modelling! Choose your best way, which can be totally different from mine, as long as you know what 
you do. How flexible! 

BUILD THE MODEL 

STEP 1. Decision variables 
(What do we have to determine?)  

Decision variables are solutions, and therefore unknown. Their values must be displayed in the Excel sheet after you have 

solved your model. But at the start, they are empty! Just make a reservation where Solver has to put them. Define some 
empty cells equal to the number of decision variables. In my Excel file, I use cells B10, C10, D10 and E10 for the X1, X2, X3 

and X4 variable. How easy! 

STEP 2. Constraints 
(What are the relations?)  

Remember: a constraint is a linear combination of parameters (step 0) and decision variables (step 1). Let’s now 
“construct” these constraints by connecting both steps. 

A constraint has a simple form, as follows: 

  LHS  ≥ RHS 
  or 
  LHS  ≤ RHS 

  or 
  LHS  = RHS 

Both the left hand side (LHS) and the right hand side (RHS) must consist of a single cell, and must refer to cells containing 
data (parameters) and the empty cells of the decision variables (defined in step 1). 

Just remember this: the LHS must be a linear equation, the RHS must be a number (parameter). 

For example, let’s look at constraint 1 (capacity constraint for machine 1) 

 0.5 X1 + 1.5 X2 + 1.5 X3 + X4 ≤ 1,600 

Entering the LHS in MS Excel (in cell F12) can be done in two ways: 

 Option 1. (copy paste the constraint in the LHS cell step by step) 

 = B10 * B12 + C10 * C12 + D10 * D12 + E10 * E12 

 Option 2. (copy paste the constraint in the LHS cell using an MS Excel function) 
 = SUMPRODUCT(B$10:E$10,B12:E12) 

Hint: Be careful with Excel functions such as “sumproduct”. They are easy to use, but remember that all equations must be 
linear functions. If you are not sure whether the Excel function is linear or not, don’t use it and use the safe way of option 1. 
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Entering the RHS in Excel (in cell H12) is easy, since it is only a parameter.  

 So just add a number (e.g. 1,600 for equation 1) in Excel. 

STEP 3. Objective 
(What is the goal?)  

An objective is not fundamentally different from a constraint, except that it has no RHS. So it consists of a linear formula 

similar to the LHS of a constraint. 

For example, when the objective is to maximise profit, the objective is: 

 9 X1 + 12 X2 + 15 X3 + 16 X4 

Which can be entered in a single cell (cell F10) as follows: 

 Option 1. (copy paste the objective in a cell step by step) 
 = B9 * B10 + C9 * C10 + D9 * D10 + E9 * E10 

 Option 2. (copy paste the objective in a cell using an MS Excel function) 
 = SUMPRODUCT(B9:E9,B10:E10) 

SOLVE THE MODEL 

Solving the model is now very easy, since MS Solver is an optimiser which only requires a simple copy paste of your model  
(the objective, and all your constraints) into its optimisation engine. After that, it will wait for your instructions and then solve 
it. Let’s take a look at these two steps: 

STEP 1. Copy-paste the model 

Copy-pasting your model into Solver is easy. You use the main screen in Solver (left picture, or 
read the article “Solving problems using software: Good old MS Excel and its Solver”) and make 

links to the cells of your Excel sheet, as follows: 

• Set objective: refer to the objective cell: in our example, refer to cell F10. 
• By changing variable cells: refer to the empty cells you defined to add all the decision variables 

(step 1): in our example, refer to cells B10, C10, D10 and E10. 
• Subject to the constraints: Constraints are a little bit tricky, since you might have thousands 

of them. One way is to add them one by one (which is what I recommend if you build a small 
model), but you can do it faster: Add them in blocks! 

 Option 1. (Add the constraints one by one) 
 (left) Cell reference: Refer to the cell with the LHS of the constraint: e.g. cell F12 for constraint 1 
 (middle) Choose ≤, = or ≥, so for our example constraint, choose ≤ 
 (right) Constraints: Refer to the cell with the RHS of the constraint: e.g. cell H12 for constraint 1 
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 Option 2. (Add the constraints in blocks) 
 You can add multiple constraints at once, as long as they belong to the same type (either ≥, ≤ or =).  
 Our model has four capacity constraints (one for each machine), all of them are ≤ constraints, so do this: 

 (left) Refer to cells F12:F15 
 (middle) Choose ≤ 
 (right) Refer to cells F12:F15 

 You have now added 4 constraints at once! Imagine you had 10,000 constraints. It’s super-easy! And fast! 

  
Hint: Never put numbers in Solver, always refer to cells in the Excel sheet and put the numbers in the Excel cells. It’s not 
forbidden to put numbers in Solver, but it’s a ticket for making mistakes. Indeed, it’s much easier to change the data (if 
necessary) in Excel, rather than in Solver. So just remember the picture below: 
 

   
STEP 2. Give instructions 

MS Solver is not very clever. It mostly doesn’t know what it has to do. But once you tell it, it’s a genius! You have to tell 

exactly what it has to do before it can start solving your model. These instructions on “how to solve the model” depend on 
the version of Solver, but here are some hints: 

Hint 1. Don’t forget to tell Solver that your model is linear! You know why! If your don’t tell, Solver doesn’t know. Solver 
will think it’s a non-linear model, and will not try to find the best possible (i.e. optimal) solution, but just a good (i.e. 

feasible) one! So don’t forget, and go for the best! (by the way, the opposite is also true: if you tell Solver that your model 
is linear, but one (or more) of your constraints, or your objective, is not linear, it’s not good. But no worries this time: 
Solver will tell you that it can’t solve it). 

Hint 2. Don’t forget to tell solver to use either linear programming (LP), or integer programming (IP). Both will give you 

the optimal solution but LP gives you fractional solutions, and IP will give you integer ones.  
• Remember this: LP is fast, while IP can be dramatically slow! And even worse: IP has no sensitivity report while LP will 

gives you a nice sensitivity report! As a general rule: only use IP if your decision variables really have to be integer! 
Otherwise, choose LP. 

• If you want to use IP, you should also tell Solver decision variables should be integer or binary. This can be easily done 

by adding a constraint as discussed before as follows: 
 (left) Refer to cells with the decision variables that must be integer or binary 
 (middle) Don’t choose ≤, = or ≥ but select int (for integer values) or bin (for binary values) 
 (right) Leave this empty 

Hint 3. Take a look at the options. Not everything is important, but some options are crucial. It’s like with all good things 
in life: You learn more by just doing it! 

Ready? Press SOLVE! Go for it, and solve problems you would otherwise never have solved! 
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