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Introduction 
This activity will introduce basic concepts of problem formulation. 
 
Before you start, complete the form below to assign a role to each member. 
If you have 4 people, combine Speaker & Reflector. If you have 3, combine Manager & Technician. 
 
Team Date 
  

Team Roles Team Member 
Recorder: records all answers & questions,  
and provides copies to team & facilitator. 

 

Speaker: talks to facilitator and other teams. 
 

 

Technician: performs calculations  
& completes worksheets. 

 

Facilitator: keeps track of time and makes sure 
everyone contributes appropriately. 

 

Reflector: considers how the team could  
work and learn more effectively. 

 

Reminders: 
1. Note the time whenever your team starts a new section or question. 
2. Write legibly & neatly so that everyone can read & understand your responses. 
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I. (40 minutes) Impact of Problem formulation on Solution Quality 
In optimization, the problem formulation phase can have a large, but hidden impact on the quality of 
the solution. While optimization techniques typically follow clearly laid out processes, problem 
formulation is open-ended.  For this activity, consider the simple problem below: 

A farmer is building a fence along a river to enclose a pasture.  The farmer has 96 feet of barbed wire 
fencing available.  For this problem, assume an idealization of the problem (e.g., no gate is needed). 

 
 
 
1. (2 min) If the length equals the width, what would be the area enclosed by the fence? 
 
Perimeter = 2*width + length = 2*width + width = 3*width 
3*width = 96 ft, therefore width = 32 ft 
Area = width * length = (32 ft) * (32 ft) = 1024 ft2 
 
Area = 1024 ft2 
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2. (3 min) If the length was 2 times the width, what would be the area enclosed by the fence? 
 
Perimeter = 2*width + length = 2*width + 2*width = 4*width 
4*width = 96 ft, therefore width = 24 ft 
Area = width * length = (24 ft) * (48 ft) = 1152 ft2 
 
Area = 1152 ft2 
 
 
3. (2 min) If the length was 4 times the width, what would be the area enclosed by the fence? 
 
Perimeter = 2*width + length = 2*width + 4*width = 6*width 
6*width = 96 ft, therefore width = 16 ft 
Area = width * length = (16 ft) * (64 ft) = 1024 ft2 
 
Area = 1024 ft2 
 
 
4.  (3 min) Of the three designs considered so far, give the dimensions of the one that you would use. 
Explain. 
 
width = 24 ft 
length = 48 ft 

Area = 1152 ft2 (best so far) 
 
 
 
5. (5 min) What value (metric or objective function) you are using to compare one design against 
another?  Give a general expression for that metric in terms of width and length. 
 
Area = width * length 
 
6. (5 min) What restriction exists that prevents the creation of a larger fence?   Give a general 
expression for that metric in terms of width and length. 
 
Perimeter = 2*width + length ≤ 96 feet 
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7. (5 min) Using the results from 5 and 6, solve for the maximum possible rectangular enclosure.  How 
many independent variables are there in your formulation? 
 
Area = width * length 

 2*width + length = 96 feet -> length = 96 - 2*width 

Area = width * (96 - 2*width) = 96* width - 2*width2 

d_Area/d_width = 96 – 4*width 

d_Area/d_width = 0 = 96 – 4*width  ->  width = 96/4 = 24 ft 

length = 96 - 2*width = 96 - 2*(24) = 48 
 
8. (5 min) Explain how you know that it is the optimal (best) design.  
 
Found the stationary point of the area equation.  The concavity was 
negative, which is what we expect in an optimization problem 
 
 
9. (10 min) Still using the idealized model (e.g., no gate is needed), is there an alternate formulation 
that might provide better results?  Explain (DO NOT SOLVE) how you would formulate the problem. 
(Hint: A formulation with more design variables generally gives more design freedom.) 
 
Formulate the problem as an area enclosed by a number of points.  Allow 
those points to move in the design space and find the area between the 
points and the river.  
 
 
10. (5 min) In the idealized model, we assumed that there was no need for a gate.  List two things that 
may impact the result if they are incorporated into the model. 
 

• If the fence needs to extend into the river to prevent livestock from 
going around the end of the fence 

• The river is idealized as a straight line.  A more accurate survey may 
result in a different design. 

• Taking into account a fixed number of fence posts 
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