OPTIMIZATION

The basics

The first thing we need to understand is the idea of optimization.  This just means finding the best alternative.  The best alternative is called the optimal alternative, or the optimum.  Optimizing may entail maximizing something good, or minimizing something bad.

Let’s suppose there’s something you can do that will give you benefits.  Benefits are anything that you consider good in a particular situation.  That could be:

· Money

· Lives saved

· Votes (if you’re a politician)

· Free time

There are a lot of situations where people feel they get some benefit, even though it’s not so clear what it is.  We might think that eating chocolate, or smoking cigarettes, is not good for people—yet people obviously get something out of it.  The general term used in economics in cases like this is utility, meaning, roughly, the satisfaction that people perceive that they get from some activity.   So utility is another type of benefit that people can get. We can’t see it directly, we can only deduce it from how people behave.

Let’s take an example of a benefit that you can see directly, but that is difficult to put in terms of money.   Let’s look at lives saved.

Here’s the situation: you’re the Minister of Health in a third-world country.  The World Health Organization has given you a grant to hire some doctors.  You must decide where to put them—in which district.  The more doctors you put into a district, the more lives you will save in that district.  Your objective is to save as many lives as possible.

There are five doctors, and there are two districts, Kinshasa and Ituri.  To start with, let’s suppose that we must use all the doctors together: we must put all five in Kinshasa or all five in Ituri.  If we put them in Kinshasa we estimate they will save 925 lives; in Ituri, 920.  

If our objective is to save as many lives as possible, to maximize lives saved, where should we put the doctors?  Obviously, in Kinshasa.

That’s not to say this is what the Ministry will definitely do.  Remember the discussion about normative and positive.  There are two possible reasons the Ministry might decide to put the doctors in Ituri.

1.  They might be irrational—that is, they might make a mistake.

2.  They might have an objective that’s not the objective we stated.  For example, the person making the final decision might be more interested in saving lives of people who belong to the same tribe as he does.  Or the decision-maker might be more interested in his own financial well-being, and might have received a bribe from people in Ituri.

But if we agree that our objective is to save as many lives as possible, there is only one right answer, in this case to put the doctors in Kinshasa.  The rule is: choose the alternative with the biggest benefits.

Although this particular problem is extremely simple, it still will be useful to consider another way of looking at it.  Why can’t we save 925 lives in Kinshasa and 920 in Ituri?  We can’t because we have limited resources.  What this means is that if we want to get benefits in one place we have to give up benefits someplace else.

Benefits we have to give up are called costs.  To repeat: the cost of something is whatever other benefits we have to give up to get it.

This may seem like an odd definition, but it agrees with the way we use the word in ordinary life.  What does it mean when we say that a movie costs $7?  It means that there are $7 worth of other things that we must give up if we want to see this movie.

But the World Health Organization is paying for these doctors.  So what are we giving up by using them in the Kinshasa district?

Answer: we are giving up lives in the Ituri district. 

So we could say that putting the doctors in Kinshasa has benefits of 925 lives and costs of 920 lives.

We could thus restate the rule above, to choose the alternative with the biggest benefits, as:

Rule 1a: Do something if its benefits are bigger than its costs.

We can write this more compactly as:

Rule 1b: Do something if B > C.

When we write it like this, it takes very little effort to see that this is equivalent to saying:

Rule 1c: Do something if B - C > 0.

The term B - C, the difference between benefits and costs, is referred to as the net benefits of that activity.  So we could say:

Rule 1d: Do something if its net benefits are positive.

These are not four different rules; these are all different ways of saying the same thing.

In the case we’ve been discussing, the net benefits are positive if the doctors go to Kinshasa and negative if they go to Ituri.

Note, though, that the calculation of net benefits will depend on what alternative we’re considering.  If the alternatives are to send the doctors to Ituri or not to use them at all, we’re certainly better off sending them to Ituri—that gives us net benefits of 920 lives saved.  But if sending them to Kinshasa is an option, then we don’t want to send them to Ituri.

Marginal analysis
Now let’s make the problem slightly more interesting.  Now we can split up the doctors; we can send some to Kinshasa and some to Ituri.  Our objective is the same as before: to save as many lives as possible.  How many doctors should we send to each district?

To answer this question, we need information on the benefits of different numbers of doctors.  Here are the benefit figures for Kinshasa:

Kinshasa District: Benefits

#  of doctors
Total  Benefit 

(Lives saved)

1
300

2
550

3
750

4
850

5
925

Notice two things about adding doctors in the Kinshasa district:

1.  Benefits are increasing

More is better: the more doctors we have, the more lives we save.  We can say that as the number of doctors increases, benefits increase.  It is generally true of good things that more is better.  We could imagine cases where this is not true: eating a kilogram of chocolate might be worse than eating 100 grams of chocolate, and if we hire too many doctors they might start to get in each other’s way so much that the number of lives saved actually starts to go down.  But in most situations that is not the problem; we are still at a point where more is better.

2.  Benefits are increasing at a decreasing rate

We can see this more easily if we calculate what is called the marginal benefit.  This simply means the benefit of one more unit: how much do total benefits go up if we add one doctor?

Here’s what that calculation looks like:

Kinshasa District: Marginal Benefits

#  of doctors
Total Benefit
Marginal Benefit

1
300
300

2
550
250

3
750
200

4
850
100

5
925
75

We see that marginal benefits are decreasing.  Again, this is not necessarily true, but it often will be.  In this case, it seems reasonable that the first doctors would take care of the diseases that are most important and easiest to treat, and later doctors would treat rarer or more difficult diseases, so the health impact would be greatest from the first doctors.

Because the concepts of total and marginal are used a lot in economics, it’s important to make sure that you understand the relation between the two.  As long as marginal benefits are positive (i.e. greater than zero), total benefits will be increasing.  Even if marginal benefits are decreasing, as in this example, total benefits will increase as long as marginal benefits are positive.  When marginal benefits are positive, it means that each additional doctor is increasing the total benefits.  Only when marginal benefits are negative will total benefits start to decrease.
How would we go from marginal benefit to total benefit?  If we know the benefit of the first doctor, and the additional benefit of the second doctor, and the additional benefit of the third doctor, how would we calculate the total benefits of all three doctors?  It’s not hard to see that we would just add them up.  The total benefits are just the sum of the marginal benefits.

So far it doesn’t seem like it would be hard to figure out the right number of doctors; after all, the more the better.  But remember that there’s a snake in the garden: We have limited resources.  Therefore, to get more benefits in Kinshasa district, we have to give up some benefits somewhere else.  That is the cost of saving lives in Kinshasa: some people will die in Ituri who would live if we put the doctors there.

How many lives could they save in Ituri?  The situation is similar but not identical to the situation in Kinshasa:

Ituri District: Benefits

#  of doctors
Total Benefit
Marginal Benefit

1
320
320

2
560
240

3
730
170

4
840
110

5
920
80

Now here’s the question: suppose we start with 5 doctors in Ituri and none in Kinshasa.  What is the cost of moving one doctor from Ituri to Kinshasa?

Answer: the cost is the people who will die in Ituri because we only have four doctors instead of five—in other words the cost is the marginal benefit of the fifth doctor in Ituri.  We can call this the marginal cost of the first doctor in Kinshasa.

Then what is the marginal cost of the second doctor in Kinshasa?  It’s just he marginal benefit of the fourth doctor in Ituri, because that’s what we’re giving up.  So we can just go backwards up the table of marginal benefits for Ituri, to get the marginal costs for Kinshasa.

We get the following:

Benefits and costs of doctors in Kinshasa

# of doctors
Marginal Benefit
Marginal Cost
Total Benefit
Total Cost

1
300
80
300
80

2
250
110
550
190

3
200
170
750
360

4
100
240
850
600

5
75
320
925
920

Let’s take a close look at what this table is telling us.  The first doctor that we move from Ituri to Kinshasa saves 300 lives in Kinshasa, but an additional 80 people die in Ituri.  If our objective is to maximize the number of lives saved, is this a good idea?  Yes.  The second doctor saves 250 lives in Kinshasa but we lose 110 in Ituri; the third saves 220 in Kinshasa and we lose 170 in Ituri.  Can we save lives overall by moving doctors 2 and 3 to Kinshasa?  Yes.  But when we get to doctor 4 (which means going from 2 doctors to 1 in Ituri) we save 100 lives in Kinshasa but lose 240 in Ituri, and adding a fifth doctor is even worse.

So it seems that we ought to have 3 doctors in Kinshasa and 2 in Ituri.  To confirm this, let’s look at the net benefits, the difference between benefits and costs—here it’s how many lives we save in total.

Benefits and costs of doctors in Kinshasa

# of doctors
Marginal Benefit
Marginal Cost
Marginal Net Benefit
Total Benefit 
Total Cost
Total Net Benefit

1
300
80
220
300
80
220 

2
250
110
140
550
190
360 

3
200
170
30
750
360
390 

4
100
240
-140
850
600
250

5
75
320
-245
925
920
5

Look first at the column titled “Total Net Benefit.”  We can see that the numbers in this column increase up to three doctors, then they start going down. This means that we save the most lives with three doctors in Kinshasa, more than with two and more than with four.  Why does putting three doctors in Kinshasa save more lives than four?  Because they must come from Ituri, and moving them is costing us something in lives saved.

Now look at the column entitled “Marginal Net Benefit.”  The marginal net benefit of the first, second and third doctors is positive, meaning that total net benefits keep increasing.  After three, the marginal net benefits are negative, meaning that total benefits are, not negative, but decreasing.

The general rule that we can see from this example is: 

Rule 2a: To maximize net benefits, continue as long as marginal net benefits are positive (MNB>0).

Or equivalently:

Rule 2b: To maximize net benefits, continue as long as marginal benefits are greater than marginal costs (MB>MC).

Actually, although Rule 2 (a or b) looks different from Rule 1, it is just a repeated application of it.  For the first unit, here the first doctor, we apply Rule 1 to that unit and ask, “Should we do it?”  If the benefits of that unit are greater than the costs, we do it.  Then we look at the second unit and do the same thing, then we look at the third unit and do the same thing, and so on.  We just need to remember to look at the units one at a time.  That is the essence of marginal analysis.

Incidentally, instead of asking, “How many doctors should we have in Kinshasa?” we could ask, “How many doctors should we have in Ituri?”  Then the benefits would be lives saved in Ituri, and the costs would be lives not saved in Kinshasa.  When we do this, we get the same answer: two doctors in Ituri, leaving three in Kinshasa.

Benefits and costs of doctors in Ituri

# of doctors
Marginal Benefit
Marginal Cost
Marginal

 Net Benefit
Total Benefit 
Total Cost
Total Net Benefit

1
320
75
245
320
75
245

2
240
100
140
560
175
385

3
170
200
-30
730
375
355

4
110
250
-140
840
625
215

5
80
300
-220
920
925
-5

If you understand what we just did, you understand a lot about managerial economics.  So let’s review what we did.  First, we had an objective.  Here, our objective was to save as many lives as possible.  Then, we had to make some decisions about alternative ways of meeting those objectives.  We are trying to optimize, which just means to do the best we can do with respect to our alternative.  Each alternative had benefits associated with it, which are good things that we get from those alternatives.  It also had costs, which are other good things that we have to give up in order to get these good things.

What we want is for the net benefits, the benefits minus the costs, to be as big as possible.  If we had a money-making business, say a restaurant, then benefits would be the money that comes in from our customers, and the costs would be the money that goes out for food and cooks and waitresses and rent and so on.  Then net benefits would be the same thing as profit.  But net benefits could be something else, like lives saved.

When the question is how much of something to do, it’s helpful to look at marginal benefits and costs, which are the benefits and costs if we increase what we’re doing by one unit.  Saying that we want net benefits to be as big as possible is the same as saying that we want to continue as long as marginal net benefits are positive, which is to say, as long as marginal benefits are greater than marginal costs.

If we know the objective, the benefits, and the costs, then the right answer is not a matter of opinion, it’s a matter of calculation.  So if we see people disagreeing about the right answer it means either (1) someone made a mistake in calculation (2) someone made a mistake in estimating benefits and costs, or (3) people disagree about the correct objective (which is a matter of opinion).  People often don’t want to admit that they have a disagreement about objectives, so they’ll say they think the estimate of benefits and costs is wrong.

Some bad rules

Now that we’ve talked about some rules for finding the best solution to a problem, let’s talk about some rules that don’t work.  Why talk about rules that don’t work?  Because people use these rules all the time, and as a result they make bad decisions.

Benefit Cost Raios

There’s a strong tendency, when we’re making a decision, to look at the ratio of benefits to costs.  Rule 1b says

 Rule 1b: Do something if B > C.

Dividing both sides by C, we can see that this is equivalent to a rule that says:

Rule 1e: Do something if B/C > 1.

But this does not mean that we should make the choice with the biggest benefit-cost ratio.
# of  doctors
Marginal Benefit
Marginal Cost
Total Benefit
Total Cost
Total Net Benefit
Benefit-Cost Ratio
MB-MC Ratio

1
300
80
300
80
220
3.75
3.75

2
250
110
550
190
360
2.89
2.27

3
200
170
750
360
390
2.08
1.18

4
100
240
850
600
250
1.42
0.42

5
75
320
925
920
5
1.01
0.23

We can see that the biggest benefit-cost ratio is from one doctor.  But if we look at marginal benefits and costs we can see that each additional increment up to three has a marginal benefit-cost ratio greater than one (that is, positive net benefits), so it’s worth doing.

Sometimes if we are dealing with large numbers (say, producing a million automobiles), it’s inconvenient to think of benefits and costs as changing in many tiny little steps (although that is what’s actually happening) and we can think of them as changing continuously.  Then we continue, as before, as long as marginal net benefits are positive, and stop at the point where they are exactly zero, or where MB = MC.  But most of the time this is only an approximation, and there won’t be any point where marginal benefits and marginal costs are exactly equal.  The more general rule is Rule 2, to continue as long as marginal net benefits are positive, or MB > MC.

