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Operations Research: a branch of applied math that uses various 
techniques to find optimal solutions to complex problems typically 
by maximizing or minimizing an "objective function” 

Examples: Systems Dynamics (stock/flow), Decision Analysis, Critical Path Method

Programming: writing a set of rules and relationships that leads 
to a solution 

Linear programming: a technique for optimization of a linear 
objective function, subject to linear equality 
and linear inequality constraints



Linear programming: technique for optimization of a linear 
objective function, subject to linear inequality 

constraints
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Assignment

• Our workers can engage in a variety of tasks. 
Each worker is variously adept at the various 
tasks. A certain amount of each job needs to 
be done. How should we assign workers to 
achieve highest productivity?
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Transport

We have multiple sources, multiple products, 
and multiple destinations. Each destination has 
an order, each source has a different inventory 
portfolio. Each route has a transport cost. What 
should I ship from where to where? 
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Ingredients

• My meal needs to have an array of nutrients. 
Different foods contain different amounts of the 
nutrients. The ingredients vary in price. What 
combo most inexpensively keeps me healthy?



Activity



Activity

Our organization can carry out a variety of 
activities using available resources. Each activity 
consumes particular resources and produces 
output at specified rates. What mix of activities 
will produce the most output? 



Four Types
• Diet. My meal needs to have an array of nutrients. Different foods contain 

different amounts of the nutrients. The ingredients vary in price. What combo 
most inexpensively keeps me healthy? 

• Transport. We have multiple sources, multiple products, and multiple 
destinations. Each destination has an order, each source has a different 
inventory portfolio. Each route has a transport cost. What should I ship from 
where to where? 

• Activity. Organization can carry out a variety of activities using available 
resources. Each activity consumes particular resources and produces output 
at specified rates. What mix of activities will produce the most output? 

• Assignment. Our workers can engage in a variety of tasks. Each worker is 
variously adept at the various tasks. A certain amount of each job needs to 
be done. How should we assign workers to achieve highest productivity?
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• 1. Summarize information

• Write out a few sentences to make sure you see what you are doing.

• 2. Identify outcome we are trying to optimize

• Spend some time on this – it's easy to get wrong.

• 3. Identify parameters we can control

• And make notes on whatever you know about them.

• 4. Write objective function

• Output = linear function (control variables)

• 5. Write out constraints (including non-negativity constraints)

• These will, in general, be inequalities.

• 6. Plot constraints

• Be careful about the aboves and belows.

• 7. Identify feasible set and its possibility horizon

• 8. Plot the family of lines representing the objective function

• Output is y-intercept – we don't know it so we plot the equation for various values thus giving us a family of 
parallel lines (they all have the same slope)

• 9. Select the point on the possibility horizon that intersects with the largest value of the objective function







An Example
Let's say that to survive, we need 100 units of vitamin A and 100 units of vitamin 
B per day. An apple provides 30 units of A and 50 units of B. An orange provides 
60 units of A and 20 units of B. An apple costs 1 dollar and an orange costs 3 
dollars. What's the cheapest way to get the nutrition you need? 

Let XA be the number of apples we consume and XO be the number of oranges. 
Here's our cost equation: 

𝐶𝑂𝑆𝑇 = 𝑋𝐴 + 3𝑋𝑂 

Our nutrition requirements can be stated this way for vitamin A: 

30𝑋𝐴 + 60𝑋𝑂 ≥ 100 

And this way for vitamin B: 

50𝑋𝐴 + 20𝑋𝑂 ≥ 100



Suppose I eat 2 apples and 
2 oranges…

𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐴 = 30 × 2 + 60 × 2 = 180 

𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐵 = 50 × 2 + 20 × 2 = 140
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𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐴 = 30 × 2 + 60 × 2 = 180 

𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐵 = 50 × 2 + 20 × 2 = 140

but we only 
need 100 
units of vitamin 
A and 100 
units of 
vitamin B per 

day



How about 1 of each?

𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐴 = 30 × 1 + 60 × 1 = 90 

𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐵 = 50 × 1 + 20 × 1 = 70
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not quite 
enough
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𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐴 = 30 × 1 + 60 × 2 = 150 

𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐵 = 50 × 1 + 20 × 2 = 90

Too much A 
and not 

enough B.
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4 apples?

𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐴 = 30 × 4 + 60 × 0 = 120 

𝑉𝑖𝑡𝑎𝑚𝑖𝑛 𝐵 = 50 × 4 + 20 × 0 = 200

OK…and 
cheaper?



What about cost?



Apple-Orange Space



Our Objective

• Meal cost … minimized… 

• …subject to nutritional constraints



Feasible Set

…of points in apple-orange space

All points that satisfy our constraints
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Vitamin A Constraint
•  vitamin A constraint, 30𝑋1 + 60𝑋2 ≥ 100



FEASIBLE SET
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Vitamin B Constraint
 vitamin B constraint, 50𝑋1 + 20𝑋2 ≥ 100



FEASIBLE SET



"objective function"







Translate the following into inequalities.
I can only I spend as much cash as in my wallet 
on dinner, dessert, drinks, and a tip and I really 
want to have dinner and drinks though I might 
pass on dessert.
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You are managing a youth shelter. Kids present 
with an array of personal challenges, each of 
which requiredifferent levels of attention from 
your staff. Clients with issue A require 4 hours of 
attention per week.  Issue B, about 2 hours, C 
requires 16, and D 7. Your budget allows you to 
staff 75 hours per week.
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Example
Breakfast is some eggs (Xe), some pancakes (Xp), 
some bacon (Xb). You have to have at least twice as 
many pancakes as eggs. You can't have fewer than 2 
strips of  bacon. 
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