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Imagine that you are a district attorney responsible for prosecuting two suspected crimi-

nals who were caught speeding away from the scene of a bank robbery. While you’ll certainly

be able to charge them with speeding and resisting arrest, that will be good for only a year

in prison. The robbery charge would be good for ten years.

After a little thought, you might hit on the idea of playing the two criminals off each

other. Offer to reduce the sentence of each criminal by a year if they will inform on their

fellow criminal. Each criminal is now faced by the decision of whether or not to inform, with

the payoffs from Table 1.

Other informs Other stays quiet

You inform 9 years 0 years

You stay quiet 10 years 1 year

Table 1: Payoffs to each criminal

Interestingly, no matter what a

criminal expects the other to do, he

will be better off informing than stay-

ing quiet — he will spend one year

less time in prison. As a result, as-

suming rational behavior, both will
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inform. This seems a little ridiculous: if both criminals make the best possible short-term

decisions — informing — they will end up each spending nine times as long in prison as

if they both made the suboptimal decision. Of course, this counts as a win for you as the

district attorney.

Now imagine that you are splitting a bowl of ice cream with a friend. You like ice cream

a lot, so you would like to get as much of it as you can. On the other hand, you want to

savor the taste and you don’t want to get a brain freeze, so you prefer eating slowly to eating

quickly. You can decide whether to eat quickly, in the hope of getting more than half the ice

cream, or to eat slowly, savoring every bite. Your friend has a similar preference. Assuming

that 50% more ice cream is worth eating twice as fast, your optimal choice is to eat quickly,

so that you get 2/3 of the ice cream instead of just 1/2. Of course, it occurs to you that your

friend might do the same; still, 1/2 of the ice cream from eating quickly when your friend

does too is better than getting only a third of the delicious substance.

Rationally, then, you must both eat quickly. Unfortunately, not only do you evenly split

the ice cream, but you also eat too quickly to garner the full joy of ice cream.

To most people, these two situations might seem quite different. For a game theorist,

though, these are both obvious instances of the Prisoner’s Dilemma, classically expressed in

terms of the deal posed by the district attorney above.

Game theorists study what rational people will do when faced by various situations. In

this context, a game involves some collection of players, some collection of possible actions

for each player, and a description of the payoffs for each combination of actions. In the

first example of the prisoner’s dilemma above, the players are the criminals, the actions are

staying quiet and informing, and the payoffs are given by Table 1 — ten years if the other
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guy informs, one if he doesn’t, with a year off those figures for informing.

When a game theorist speaks of what a rational person will do, what he’s really talking

about are the strategies in Nash equilibrium. John Nash was one the early pioneers of game

theory, and indicated how a rational player should play a game. A strategy is simply a

complete plan of action. In the case of the prisoner’s dilemma, this is straightforward — a

strategy is simply a choice of which action to play. In some games, though, a player will get to

see some of the actions of other players before acting, so a strategy must include instructions

on what to do for each possible combination of actions by opponents. The concept of a Nash

equilibrium is central to game theory. Strategies are in Nash Equilibrium if no player can

better his lot by changing to another strategy.

An example may make this a bit clearer. In the Battle of the Sexes, a couple tries to

decide what to do for entertainment. Alice would prefer to attend the opera, whereas Bob

would prefer to watch a fight. More importantly, however, they want to be with each other.

Each independently must choose whether to attend the opera or the fight. Table 2 shows

the payoffs.

Alice @ the Opera Alice @ the Fight

Bob @ the Opera 2,1 0,0

Bob @ the Fight 0,0 1,2

Table 2: Payoffs to Alice and Bob (the first number is Alice

and the second Bob in each case)

Assume that Alice and

Bob both decide to go to

the opera. If one changes

his or her mind, that person

will be enjoy their evening

less. Bob may not enjoy the

opera much, but he prefers

the opera with Alice to the the fight with no one. Similarly, if Alice and Bob both de-
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cide to go to the fight, then Alice cannot change — she would rather be with Bob than at

the opera. Thus, Battle of the Sexes has two Nash equilibria — one for each destination, in

which the couple goes somewhere together.

You might wonder what the use is: nobody actually pulls out game theory to decide how

to eat ice cream or whether or not to go to the opera.

Figure 1: Price acceptable to market at different quanti-

ties. If the companies between them sell the amount labeled

“quantity sold,” according to the laws of supply and demand

they must charge the amount labeled “market price.”

It turns out that economists

apply game theory with great

success. As one exam-

ple, economists can analyze

the profits of two competing

companies using the Cournot

duopoly model, developed by

Antoine Augustin Cournot, a

philosopher, economist, and

mathematician. The model

explains how two companies

competing against each other

should pick how much of some

product to produce.

The model assumes that market for the products — monitors, say — has a range of

valuations. In Figure 1, you can see that as the quantity sold decreases, the price increases

— an application of the laws of supply and demand. This makes sense — some customers

will be millionaires who will pay anything for a monitor. Some poorer customers will pay
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barely anything for a monitor. As a result, the market price of a monitor varies greatly

depending on how many monitors the companies in the market decide to produce.

Assuming that there is only one company in the market, it will increase production until

producing a new item makes no money — the cost of manufacturing is equal to the difference

between the increased profits from the new sales and the decreased profit due to reduced

prices for each sale.

Figure 2: Optimal responses to moves.

A similar situation exists involving multi-

ple companies. However, multiple companies

will tend to produce more gear. When they

attempt to determine when to halt quantity

increases, the extra profit from selling extra

units must balance the lost profit from selling

each monitor for less. The important thing to

notice here is that the lost profits as monitor

prices go down will tend to be less important

than they were in a monopoly. In a duopoly,

only half the monitors sold will be sold by a

given manufacturer.

Figure 2 indicates how players should respond. If Company 1, on the horizontal axis,

produces nothing, then Company 2 should produce as though in a monopoly. If Company

1 is producing the monopoly quantity, Company 2 should produce nothing. In general, if

company 1 produces a number of monitors associated with a point on the vertical axis,

company 2 would be best off producing the associated amount indicated by the line labeled
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q∗2(q1). Similarly, company 1’s best response to company 2 can be read off the line labeled

q∗1(q2). The place the lines intersect, q1, q2, indicates the Nash equilibrium — company 1’s

best response to company 2’s choice of q2 is q1, and company 2’s best response to company

1’s choice of q1 is q2. It turns out that it is possible to calculate just how many monitors the

companies should optimally produce. Doing that calculation reveals that each will produce

two-thirds of what they would if they had a monopoly. Introducing competition therefore

causes the companies to produce one-third more than either would in a monopoly situation,

and hence prices go down for the consumer.

Cartel Selfish

Cartel 1/8, 1/8 5/48, 5/36

Selfish 5/36, 5/48 1/9, 1/9

Table 3: Relative payoffs to each

monitor manufacturer. These pay-

offs can be mathematically calcu-

lated. The first number indicates

the payoff to the chooser of rows.

At this point you may be wondering what happened

to the convicts I promised you. Clearly, the companies

in a Cournot duopoly have way more than two choices

for how much to produce. It turns out, though, that

if we limit them to producing q1 (acting selfishly) or

qmonopoly/2 (acting like a cartel), we end up with a Pris-

oner’s Dilemma situation. Producing qmonopoly/2 is bet-

ter for them overall, but producing q1 will be better

whether they expect the other company to cooperate or

act selfishly. Overall, the companies end up playing a

Prisoner’s Dilemma with the relative payoffs in Table 3, which can be mathematically cal-

culated with a little work. As usual in a prisoner’s dilemma, the companies could cooperate

and maximize their profit, but without an incentive, they will betray each other each round

instead.

This may leave you wondering just how anybody ever manages to cooperate — how is it
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that we usually end up eating equal shares of the ice cream without both rushing to it? The

solution here is that humans tend to play multiple rounds with any given partner. In the

case of prisoners, after their release they will complain about anyone who betrayed them.

As a result, other criminals will be unlikely to cooperate in the future — including, perhaps,

by simply refusing to engage in the same criminal enterprises. In the case of a pair of friends

sitting around eating ice cream, if one friend rushes, then the next time around the group

eats ice cream together, everyone can rush. By repeating the Prisoner’s Dilemma several

times, betrayal need no longer be the result. If a player betrays another player, the second

player can always retaliate in later rounds.

In the 1980’s a political scientist named Robert Axelrod organized a tournament of

iterated Prisoner’s Dilemma. Many computer players of the Iterated Prisoner’s Dilemma

were submitted by academics around the world. As it happens, the winner ended up being

both simple and forgiving. The strategy, called Tit-for-Tat, was four lines of code long, and

simply cooperated in the first round, and then did whatever its opponent had done on the

previous turn for the remaining rounds.

Iterating a Prisoner’s Dilemma produces wide-ranging possibilities for cooperation. When

eating ice cream, you can recall how quickly your friend ate last time. If he ate quickly, you

might want to do so as well. If he was slower, though, you might go slowly as well to

avoid leading him to eat quickly the next time around. Criminals will have a sense of how

trustworthy their partners are, and maintaining their own reputation will matter — nobody

wants to be robbing a store next to the snitch. As a result, the criminals facing a prisoner’s

dilemma in real life might collectively refuse to snitch, knowing nobody would work with

them if they did betray their partner. Companies, knowing that they will compete for years,
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might decide to collaborate with their competitor in order to avoid long-running price wars

which help nobody except the consumer. All these possibilities for cooperation happen only

because the Prisoner’s Dilemma is being run several times, and betraying somebody in one

round can hurt you in a later round.

The Prisoner’s Dilemma is a rich topic. Unmodified, it roughly approximates several

real-life situations. It also approximates degenerate cases of a Cournot Duopoly, a model

of real-life competition. Iterating the prisoner’s dilemma creates broad new possibilities, as

cooperation becomes possible.
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