Game Theory Basics

* Game theory is designed to model
* How rational (payoff-maximizing) “agents” will behave
* When individual outcomes are determined by collective behavior.

* Rules of a game specify agent payoffs as a function of actions taken by
different agents.
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Let’s play the median game

* In a private message to Aditya Saraf, write down
* An integer between 0 and 100 (inclusive).

* Later in the lecture, the person (or people) whose selected number is
closest to 2/3 of the median of all the numbers (rounded down) wins

the game!

* E.g., if the numbers are 3, 4, 5, 38, 60, 70, 70, 90, 100
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Definition 2.2. A strategy s* for player i is a best
response to the strategies‘{z-, of others if it maxi-
mizes ¢’s utility /payoff. That is

=P
ui(s*,5-;) > ui(s,5_;)

for all s € S;.
—

Definition 2.3. Strategy i dominates
strategy s, if no matter what other players are do-

ing, i’s payoff playing s; is at least as good (strictly
better) than ¢’s payoff playing s;.
- >
ui(8i,8-;) > ui(sfi,?_i) Vs_;Vs, € S; \ s;.
LN -
If strategy s; (strictly) dominates all strategies in

Si, then it is a (strictly) dominant strategy.
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Definition 2.4. A strategy profile (s1,...,8,) is a
dominant strategy equilibrium if for each player
i, 8; is a dominant strategy.
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Definition 2.8. A strategy profile (s1,...,s,) is a

Nash equilibrium if for every ¢, Siy is a best response
to s_;.
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e Deletion of a dominated strategy: find a player Vs" ‘ (b . \)
¢ and a strategy b € S; such that a € S; weakly \; (O\\S-B) :‘ ’
dominates strategy b. Delete strategy b from ot 3 S
S;.

Iterated Deletion of Dominated Strategies

e Update definition of what’s dominated (assum-
ing b will never be played).

e Iterate until no weakly dominated strategy re-
mains.

If each player has only a single remaining strat-
egy, we say that the game is solvable by iterated dele-
tion of dominated strategies, and we say that iterated
‘deletion of dominated strategies predicts that each
player will play their only remaining response.




B a C k to th e m e d I a n ga m e Iterated Deletion of Dominated Strategies

e Deletion of a dominated strategy: find a player

e Submit ¢ and a strategy b € S; such that a € S; weakly
) . . dominates strategy b. Delete strategy b from
* An integer between 0 and 100 (inclusive). S;.
* After we collect all the submissions, e Update definition of what’s dominated (assum-
the person (or people) whose selected ing b will never be played).
number is closest to 2/3 of the median . Iteljate until no weakly dominated strategy re-
of all the numbers (rounded down) win s
the game. If each player has only a single remaining strat-
egy, we say that the game is solvable by iterated dele-
13 tion of dominated strategies, and we say that iterated
deletion of dominated strategies predicts that each
player will play their only remaining response.
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Definition 2.2. A strategy s* for player i is a best
response to the strategies s_; of others if it maxi-
mizes ¢’s utility /payoff. That is

ui(8*,8-:) > ui(s,5-4)

for all s € S;.

Definition 2.8. A strategy profile (s1,...,8,) is a
Nash equilibrium if for every i, s; is a best response
to s_;.
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Definition 4.1. A mixed strategy is a probability

distribution over pure strategies. ) (
%'\ X‘(s) —/Qﬂ}o Qu& ' s

- § A ;(s) =\
Definition 4.2. A strategy profile (z1,...,zn) <
where each z; is possibly a mixed strategy x; : S; — === %;(5)2 \)
probability distribution and ) g zi(s) = 1 is a
(mixed) Nash equilibrium if for each 4,

Z z;(s) Prob(s_;)u;(s, s—;

s€Si,s_;€S_;

Z Prob(s_;)u;(s;, ;).
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