Game Theory



What is Game Theory?

It is not (just) about...
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What is Game Theory?

It is about:

e Making decisions
e Studying conflict and cooperation between
intelligent decision makers



What does this have to do with
games?!

Situations are modelled as "games”
Players are rational decision makers

Each player has a set of actions they can do
Everyone wants to maximize their personal
satisfaction



That sounds boring...

But it isn't! Game Theory is used in:
e Economics - How much X should | produce

Game Theory and Oligopoly Behavior
Starbucks vs. San Francisco Coffee

Starbucks

The "players” are the firms: Two R Sy advertise

coffee shops, Starbucks and San
Francisco Coffee,

$15 $20
The "moves" are the actions the
firms can take: The coffee shops
can either advertise around town or
not advertise.

$15

don't advertise

SF Coffee

The "payoffs" are the profits the
firms will earn: Advertising
increases firms' costs, but can also
increase revenues.

advertise




That sounds boring...

But it isn't! Game Theory is used in:
e Biology - Cooperative behaviour in nature!

Cooperation Selfishness




That sounds boring...

But it isn't! Game Theory is used in:
e Other cool stuff




That sounds boring...

But it isn't! Game Theory is used in:
e Computer Science - We'll see soon



That sounds boring...

But it isn't! Game Theory is used in:

e Computer Science - We'll see soon
e Your love life?!

tinder



Game Theory + Your Love Life

Let’'s model Tinder as a “strategic form game”!

2 player game
Each player can "Swipe Left” / "Swipe Right”
If both players SR, everyone’'s happy!

If you SR, but the other person SL, you just
wasted a right swipe :(

If both SL, we get a neutral outcome.



Game Theory + Your Love Life

Other person

Swipe Swipe

Right Left
Swipe
Right 2,2 1,0
You
Swipe 0 -1 0.0

Left



In this lecture...

Finding which decisions players will choose
Analyzing strategies

Networks

Auctions (and how Google sells ads)

Some other cool stuff we'd really like to
cover in detail but we'll just talk about
briefly



Prisoner’'s Dilemma
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http://www.youtube.com/watch?v=t9Lo2fgxWHw
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Network Flow



x/100

Nodes: Cities
Vertices: Highways
Situation: 4000 cars (players) choose a route (strategy) from A to B

Dominant strategy? Nash Equilibria?



Time: 40
x/100

Time: 0

Travelling Time: 85 through C, 45 through D
Expected Outcome: Drivers will start taking the route through D



Time: 20
x/100

Time: 20
x/100

Expected Traffic Flow: 2000 drivers each side
Travelling time: 65 each direction



Change: Super fast highway/teleportation device from Cto D

What is the impact? What is the new Nash equilibirum?



‘Hey, maybe | should go
through the teleportation since
D takes less time to B than C!”

45
x/100

45

“Why am | here? A to D takes
less time than this direct route!”

x/100




New traffic flow: From A through C, D to B

This is now the dominant strategy



Time: 40
x/100

Expected Travelling time: 30
Change: -15

Despite the improvement in transportation, we are worse off!



Socially optimum output != Nash equilibrium



Braess' Paradox

Adding resources to a transportation network
can sometimes hurt performance at
equilibrium levels



Network Latency




Auctions



Types of Auctions

e Ascending Bid (English Auctions)
e Descending Bid (Dutch Auctions)
e First + Second Price Sealed Bid Auctions



Auctions

One seller
Many buyers

o Each buyer places a value on the item
Seller does not know buyers’ valuations

Buyers do not know other buyers’ valuations



Objectives

e Buyers
o Maximize (PRICE - VALUE)

e Seller

o Maximize PRICE
o 177



Dutch Auction

R 321K 765,
oY je547 |

N
&9

32;{

!

T

49 L) 5] 52
W i "

PO Unverkait

i ¥

Bundesarchiv, B 145 Bild-FO04491-0002
Foto: Unterberg, Rolf | 25. Juni 1857



Auction!

Price Descending Bid First Price Sealed Bid

100!

907

8077

70..

607! A: “I'll take it!” A

50

40 B: Come on, just keep dropping B,D

30 C: No way that thing is worth is 60. C
What value does that guy see in it?

20

10




English Auction

Auctioneer A (60) B (40) C (30)
“Let’s start the day “10!"”
with 10, do | hear a
10?7
“20”
“30”
“40”

“40 for this fine Come on, no one I’'m indifferent, with | really wanted it, but
specimen, just 47 else cares enough or without it not for 40 :(

Do | hear a 507"

“Sold!” (Surplus +20) (No benefit) (No benefit)



Second Price Sealed Bid

A: 60
B: 40
C: 30

A wins, pays B's bid of 40
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otherwise

) Uy — maxX;; bj
Payoff for bidder 0

Raised bid affects outcome only if

highest other bid bj isin between.

If so, | wins but pays more than value.

Lowered bid affects outcome only if
highest other bid b is in between.

If so, i loses when it was possible
to win with non-negative payoff




Sponsored Search (i.e. Ads)
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Web 1.0 Advertising

e Advertisers paid per “impression”
e Non-targeted ads

Find Your Graduating Class

| graduated in:

classmates.com




Targeted/Personalized Ads
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Charging Model Changed

Past:
Cost per impression (very low)

N
Present:

Cost per click/action (much higher)



Sponsored Search (i.e. Ads)

Google auctions off the ad locations
Vickrey-Clarcke-Groves mechanism
l.e. second price sealed bid

Bidding your valuation is a dominant
strateqy



Sponsored Search (i.e. Ads)

e Bidders bid their real valuation
e Allows Google to know what advertisers’
real valuations are



Other Cool Stuff



Isn’t our definition of a game rather
restrictive?

Yes it is!

Many other types of games exist
Extended form games

Repeated games



Extensive Form Games

e Players don't make decisions
simultaneously

(0,0) (2,0) (0,0) (1,1) (0,0) (0,2)



Extensive Form Games

Examples:

e Negotiations
e (Chess (vs Rock-Paper-Scissors)



Repeated Games

e Repeating a strategic form game infinitely

e How are payoffs defined?
o Average?
o Limits?
o Diminishing payoffs?



Mixed Nash Equilibria

e Strategies don't have to be just doing one
action!
e \We can randomize over multiple actions



Mixed Nash Equilibria

e No “pure” strategy can be at equilibrium
e 50% Heads, 50% Tails is an equilibrium

Player B

Heads Taills

Heads 1 3

Player A

Tails =3 1




Cake cutting!

e Imagine there is a cake

e You have to share the cake with someone
else

e How can we devise a way to split the cake
between us?



Closing Remarks

e \We've barely scratched the surface of game
theory

e Game theory is very multi-disciplinary
o Think of how it applies to your home disciplines



That's all folks!
)



