Game Theory

· Game represents a competitive or conflicting situation between two or more opponents (decision makers).
· These opponents usually are referred to as players.

· Each player has a number of choices of alternatives called strategies.

· A player is supposed to select his or her strategy without any knowledge of the strategies chosen by the other players.

· Each play has associated with an outcome or playoff.

· For each player this outcome may represent a gain, a loss or a draw.

· The objective of each player may be opposed and each player is trying to maximize his of her goal at the expense of the others.

The format of games and major assumptions

1.  The number of participants (Players)

· Two or more players

· A player can be a single individual or a group of individuals with the same objective.

2.  Timing

· Simultaneous decisions are assumed in all game situations.

3.  Conflicting goals

· Each party is interested in maximizing his or her welfare at the expense of the other.

4.  Repetition

· A one-shot decision is a play

· A game is composed of repetitive plays.

5.  Payoff

· The consequence of the decisions of players is called payoff.

· The average payoff per play is termed the value of the game.

· A game with zero value is called a fair game.

6.  Information  availability

· Assume the each player knows all possible courses of action (alternatives) open to the opponent as well as all anticipated payoffs.

Presentation of games

· Presented either in tabular (normal) or tree form.

Normal form (Tabular)

· Limited to the case of two players.

Ex.

                



In either case, the journey would take 3 days. The Japanese wanted their ships to have minimal exposure to enemy bombers and Kenney, Commander of the Allied Air Forces wanted as many days of bombing exposure as possible. The following were the possible days of bombing exposure:

1. If Kenny concentrated his aircraft on the northern route and the Japanese sailed north, the Japanese would not be found until the second day.( 2 days of exposure.

2. If Kenny concentrated on the northern route and the Japanese sailed south, they might easily be missed on the first day. ( 2 days of exposure.

3. If Kenny concentrated on the southern route and the Japanese sailed north, they would not be discovered until the third day. ( 1 day of exposure.

4. If Kenny concentrated on the southern route and the Japanese sailed south, they would be sighted immediately. ( 3 days of exposure.

The problem faced by both sides was what course of action to take

Ex. The military conflict as a game payoff table

	              Japan                        
Allies
	North, b1
	South, b2

	North, a1
	2
	2

	South, a2
	1
	3


· There are 2 decision makers (1 players) :

Kenney (Allies) with 2 courses of action (a1&a2) and The Japanese with 2 possible courses of action (b1&b2)

· The information in the cells is the payoff.

· A positive number means a gain to the player situated at the left side of the table. This gain is the loss of the player situated at the top of the table.
· A negative number means a loss to the player situated at the left and a gain to the player at the top of the table.

Classification of games

· Games may be classified according to the number of players and whether the game is zero-sum or nonzero-sum.
1.  Zero-sum games


The winner receives the entire amount of the payoff that is contributed by the loser.

2.  Nonzero-sum games


The gains of one player differ from the losses of the other. This means that some other parties in the environment may share in the gains or the losses.

Solution to game problems

1. Optimal strategy of each player

2. The value of the game : What will the  payoff to each player be if the optimal strategy is followed

Two-Person, Zero-Sum Games-Pure Strategy

· The pure strategy refers to a prescribed solution in which one alternative is repeatedly recommended to each player, regardless of what the other player does.

Approaches

1. Dominance method

2. Pessimistic or Minimax approach

1.  Dominance method

	                Japan           
Allies
	North, b1
	South, b2

	North, a1
	2
	2

	South, a2
	1
	3


· An alternative course of action is said to dominate another when all the payoff in the row (or the column of that alternative) are as good as and at least one is better than the corresponding payoffs of the other.

· Form the game table, row dominance does not exist but column b1 dominates column b2 so eliminate column b2


	       Japan                        

Allies
	North, b1
	South, b2

	North, a1
	2
	2

	South, a2
	1
	3


Row a1 dominates row a2 so eliminate row a2.
The final solution is: 
	       Japan                        

Allies
	North, b1

	North, a1
	2


· The Allies should follow a1.
· The Japanese should follow b1.

· There would be 2 days of exposure.
2. Pessimistic approach (Minimax)
	         Japan                        

Alties
	North, b1
	South, b2
	Row minimum
(worst result to Allies)

	North, a1
	2
	2
	2

	South, a2
	1
	3
	1

	Column maximum
(worst loss to Japan
	2
	3
	    Maximin
Minimax


· Both players determine the worst possible payoff associated with each of their alternatives.
· Then , they each select that alternative that yields the best of these worst payoff.

· In a pure strategy game, the maximin value must equal the minimax value. This value is called the saddle point.

Multiple Solution
· It is possible for games to have several solutions.

Ex.                                  Player B

	
	B1
	B2
	B3
	Maximin

	A1
	7
	-1
	2
	-1

	A2
	4
	4
	6
	4

	A3
	6
	3
	0
	0

	A4
	7
	4
	5
	4

	Minimax
	7
	4
	6
	


· This game has 2 solutions for player A ( play A2 or A4).
Two-Person, Zero-Sum Games-Mixed Strategy
· In mixed strategy games, players change from alternative to alternative when the game is repeated to get the better payoff.
· To check if the game is a mixed strategy or not, solve it by the pessimistic approach. If the maximin and the minimax values are the same, the game is a pure strategy game. Otherwise, it is a mixed strategy game.
· The sequence of decisions (which alternatives to choose) must be randomly determine to maintain secrecy.

· The average payoff is determined by the fraction of time (proportion) that each of the alternatives is played, and there is a certain fraction that is best for each player.

Solution to a mixed strategy problem
1. Computation of the best proportion mix of the alternatives.

2. Computation of the value of the game, which is the expected(average) gain or loss, per play, to player A (on the left).

Ex.
Two competing companies are about to make a decision regarding an investment in a new promotional campaign. 

Company A considers two alternative courses of action:   a1 = Advertise in all media.

              a2 = Advertise in newspaper only. 
Company B considers two alternatives:



b1 = Run a sweepstakes.

              b2 = Run a big sale.

If company A chooses a1 and company B chooses b1, then company A will increase its share of the market, at the expense of B, by 4 percent. If A selects a1 and B selects b2, A will lose 1 percent of the market. If A selects a2 and B selects b1, A will lose 2 percent, and if A selects a2 and B selects b2, then A will gain 1 percent.

The objective of the companies is to maintain as large a share of the market as possible. Find the best strategy for each company. 
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