Chapter 17 – Noncooperative Game Theory

17.1 The rest of the book: Economics with Names

The world of game theory is much more complex than the traditional economic models we’ve considered thus far in the course. Four factors become preeminent:

1. Time. Transactions are ongoing.

2. Information. Differences in what people know becomes central.

3. Uncertainty.  If information is important, so too is uncertainty.

4. Identity.  Rather than speaking in terms of discrete transactions (in which the identity or nature of the counterparty is irrelevant), we need to consider the relationship between parties.  Credibility and reputation, thus, become important.

17.2 Strategic-form games

Game theory models situations using two different game forms: (1) strategic-form and (2) extensive-form.  In general, strategic-form games consist of the following three concepts:

1. Players. (Represented by the left and top sides of the matrix in Figure 17.1 below.)

2. Possible strategies for each player. (Represented by the rows and columns in Figure 17.1.)

3. Payoffs for each strategy profile (explained below). Payoffs are usually denominated in money or utility. (Represented by the numbers in the matrix below. The first number corresponds with the player on the left and the second number with the player on the top.)

A strategy profile is a combination of one strategy from each player. For example, if Sam has possible strategies (or choices) OP and AM and Jan has possible strategies AM and OP, the four resulting strategy profiles are (1) Sam OP, Jan AM, (2) Sam OP, Jan OP, (3) Sam AM, Jan AM, and (4) Sam AM, Jan OP. (In other words, a strategy profile is represented by a cell in the matrix shown in Figure 17.1.)
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17.3 Some classic strategic-form games

Examples of strategic-form games include Matching Pennies, Rock-Paper-Scissors, Battle of the Sexes, Chicken, and Prisoners’ Dilemma. (See pp. 508-510 if you want more details.)

Constant-sum games. Games in which every strategy profile’s payoffs sum to a constant, K.  K can be zero, in which case it is called a zero-sum game. Of the games listed above, only Matching Pennies and Rock-Paper-Scissors are constant-sum.

17.4 The analysis of strategic-form games

Game theory aims to gain insights into how and why people/firms act as they do.  There are two techniques for making predictions.

1. Dominance. One strategy for a given player dominates another if, in all cases, that strategy is equal to or better than the other.  For example, is choosing option A for player 1, better than option B regardless of player 2’s choice?  If so, option A dominates option B for player 1.

Strict dominance. Occurs when the dominant strategy has no ties.  (Figure 17.3 below exemplifies this.)

Weak dominance. Occurs when the dominant strategy has one or more ties. (See Figure 17.4 on page 515 of the text for an example.)

In theory, assuming rational players and fully comprehensive utility payoffs, game theory predicts that players never choose dominated strategies. (NOTE: Game theory does not predict that the dominant strategy will be chosen, simply that the dominated will not. For example, suppose there are three strategies (Columns 1, 2, and 3) for a given player with 3 dominating 1. Game theory does not say that 3 will be chosen, only that 1 will not! See Figure 17.3 below.)

Figure 17.3, page 514
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Iterated dominance. After having eliminated choices, iterated dominance is the process of further eliminating choices.

Referring to the matrix above, since we’ve eliminated column 1, we can now test for dominance of row 1 versus row 2 (excluding the effects of column 1). It becomes clear that row 2 is better than row 1 regardless of whether column 2 or column 3 is chosen.  Therefore, row 2 dominates row 1, and we can eliminate row 1.

Now that row 1 is also eliminated, we can take it one step further.  Column 2 is preferable to column 3 assuming that row 2 is chosen (i.e., 7 is better than 5).  Hence, iterated dominance leads us to conclude that row 2, column 2 will be the resulting strategy profile.

HOW WELL DOES DOMINANCE WORK IN REALITY? Dominance works well (is an accurate predictor of behavior) when there is only one round of dominance.  The more iterations of dominance there are, the less accurate it becomes. Also, accuracy drops in cases of weak dominance, especially when an “anchor” position (a good-for-both coordination point) is present. (See Figure 17.4 on page 515 of the text. Although row 1 is weakly dominant, most trials result in row 2 and column 1 because of the win/win situation.)


2. Nash Equilibrium. A strategy profile such that no player can improve his/her payoff by unilaterally (meaning only one player at a time) deviating from his/her current position in the strategy profile.

For example, refer to the Sam and Jan example in Figure 17.1.  There are two Nash equilibriums: both at Old Pros and both at the Art Museum.  The thought process is something like.  Assuming both go to OP, Sam’s payoff is 3 but would drop to 0 if he went AM.  Similarly, Jan’s payoff is 2 but would drop to 1 if she went to AM.  Therefore, because neither player can improve his/her position moving unilaterally, this is a Nash equilibrium.  The same reasoning applies to both going to AM.

Actually, a Nash equilibrium is not a predictive technique but rather a technique for checking predictions made by other means.


SOME GAMES ARE EASIER TO PREDICT THAN OTHERS.  WHY?

Games such as Easy Coordination (Figure 17.5 on page 518 of the text) are certainly easier to predict than games such as Chicken or Sam and Jan.  What are the characteristics of easy-to-predict games?

1. All participants have a common understanding of the rules of the game.

2. Can be solved logically. (Dominance, iterated dominance, or prudence.)

3. Players can consult before the game.

4. Players have a history of interaction.

5. Small number of participants who know each other.

6. Social conventions or norms that direct behavior.

7. Can apply “Nebulous principles of common understanding,” called focal point arguments, such as “go for the joint maximum” and “split the pie equally.”\

When the answer to one of the above characteristics is Yes, we should expect to see some Nash equilibrium of the game because each party will optimize based on its prediction of the other party’s choice.  However, if there is more than one Nash equilibrium, we don’t know which will result.

If the answer to all of the above is No, then the Nash equilibrium is useless because the participants in the model don’t have a common conception of how the other will act.

HOW DO NASH EQUILIBRIUM AND DOMINANCE RELATE TO ONE ANOTHER?

1. Any strategy eliminated by iterated strict dominance cannot be part of a Nash equilibrium.  If only one strategy profile remains, it is the unique Nash equilibrium of the game.

2. If weak dominance is used and one strategy profile remains, it is a Nash equilibrium; however, there may be others (that were eliminated).

For details on “bargaining and economic discrimination” and “mixed strategies and games where it pays to be unpredictable,” read pages 524-530 of the text.

17.5 Extensive-form games

The emphasis of extensive-form games is on the dynamics of interaction – different players moving at different times with different information. Extensive-form games are depicted by:

1. Nodes. Circles, open or closed, representing positions that players take.  A position is a circumstance in which a player must take action.  An open circle represents the start of the game.

2. Arrows. Arrows represent actions that players take and lead from one position (node) to another.

3. Player.  Each node is labeled with the name of a player.  A player may appear on more than one node.

See Figure 17.8 on page 531 of the text for an extensive-form game diagram.

Backwards induction or roll-back. Technique used to make predictions in extensive-form games. Start with the end nodes of the extensive-form game and identify the optimal decision for each decision maker at each end node. Continue the process working back to the starting node. If there were no ties in this roll-back, then what results is a unique prediction of behavior.

HOW ACCURATE ARE ROLL-BACK PREDICTIONS?

These predictions may not work because (1) the payoffs may not truly capture the player’s utility or (2) rolling back many times becomes complex, requiring players to make multiple-layered assumptions about other players’ behavior, and decreases assurance of the final outcome.

Strategies. Similar to strategic-form games, extensive-form games have strategies. If play John has two nodes in the game, his spectrum of strategies will include every combination of possible decisions he can make.

Nash Equilibrium.  Same definition as used in strategic-form games and is similar to the weak dominance / Nash equilibrium relationship.  That is, in extensive-form games, backwards induction results in a Nash equilibrium; however, there may be others (that were eliminated).

Moves by Nature and Information Sets.  Regarding extensive-form games, the text has focused on situation in which people act in turns, each knowing what has happened prior (otherwise described as games of complete and perfect information).  Where this is not the case, such as when players move simultaneously and/or without perfect information, game theory becomes much more complex. The concepts moves by nature and information sets are formal tools used to help analyze these games. According to Krepps, “In this book, we will not have need of these formal tools.”  If you’re interested in a brief primer, read pages 538-541 of the text.
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