Guideline Answer, Exercise for Chapter 12, Oligopoly and Game Theory
Problem 1 An arms race. 

Two neighboring countries have to decide whether to build a nuclear bomb or not. Each would prefer if no-one had a nuclear bomb. However, each country thinks it totally unacceptable that only the neighbor builds a bomb. On the other hand, being the only country with a nuclear bomb, would be even better than no-one having a bomb!

Find the pay offs for the two countries in the matrix below.
If both decide simultaneously and independently of each other about what to do: Is there a chance of avoiding an arms race? Explain, using the graph below!

With these pay offs an arms race seems to be practically unavoidable: Whatever the other country does, each country wants to build a bomb. That is each country has a dominant strategy “building a bomb”. So the dominant strategy equilibrium (which is also the Nash equilibrium of this game) is for each country to build the bomb. 

Note that the pay off structure of this game is the same as in the prisoner’s dilemma: Although building a bomb is a dominant strategy for each country, each would prefer an outcome where no one builds a bomb. Yet due to the fact that if one country were actually to not build a bomb, the other country would like to seek advantage for itself by becoming the only country with a nuclear bomb, an outcome where no-one builds a bomb is not an equilibrium.
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Problem 2 The Security Problem

Consider this slightly modified version of the arms race game above. Here, both countries actually prefer the situation where no-one builds a bomb over the situation where they alone have the bomb. Is this sufficient to avoid an arm’s race? In the following matrix, derive any Nash equilibrium of this game! Explain which considerations support each Nash equilibrium!
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This pay off structure is somewhat subtler as each country would now be willing not to build a bomb if it knew that the other country did not build a bomb. Only if the other country were to build a bomb, it would like to respond by building a bomb as well. 

Now we have a coordination game where each country would like to match the other country’s strategy (i.e. not building a bomb if the other does not build a bomb and build a bomb if the other does build a bomb) and each country would need to guess what the other country is doing. As both strategy pairs are mutual best responses, each pair corresponds to a Nash equilibrium.

Remark: This is a situation where a non proliferation treaty can actually help coordinating behavior between countries.

