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Agenda

Wrapping up reasoning under uncertain sfate today
Infroduce taking actions in the presence of uncertainty.
Elementary decision theory

Elementary game theory (making decisions given a game) concep



Logistics
* BB theory assignment out before next class

« Update: bounties for real errors (will not be purposefully infroducing errors)

« Unlimited retries, soft deadline (recommended) before exam
* Plan to wrap up this unit by Friday.
« Next programming assignment out by the end of the week

« Exam next week (Wednesday or Friday, to give you time to study)



o n : TILlpl=oloi AoV
Recap: KT45” syntax & Semantics PAATIGIASIRE

Given Model structure: M = (W, {R}ieay L).

wiFT, wi¥l, wiraiffael(w), wir @iffwiyf ¢
wiF AYiff wikF g and w IFY

w ik @ VY iff at least one of wiF @ orw IF

wik @ - Y iff wiIF @ wheneverw I+ Y

wiFK @ ift v w eW (Ri(w, W') »w' IFyY)

Wik Eqp iffVieG (wiFKiy )

wiF Coe iffVk =1 (WIFEfy)

w ik Deo Iff VW EW (VIiEG (R (W, W) > W I



Recap: Evaluating formulas in KT45”
Given Model structure: M = (W, {R}ieay L).

Does w3I-K p?
« Recal:wirKi ¢ iff v w €W (Ri(w, W) = W' I @)
 Foreachwin R;(ws, W), doesw I+ p?

First world to check: ws (by axiom T)

w3l P
Does w3 I-FK,p?
wsl- p¢
Wyl P?

Does w3 I-FK3p?



Recap: Evaluating formulas in KT45”
Given Model structure: M = (W, {R}ieay L).

Does w3 I-K; Kop?
Recal: wir K¢ iff vw €W (Ri(w, W') > W' IF @)

For each win Ry (ws, w), does wj IF K,p¢
wsl- Ky p¢

wqlF K, ¢

Agent 1 doesn’t know if agent 2 knows p.



Recap: Evaluating formulas in KT45”
Given Model structure: M = (W, {R}ieay L).

Does w3 K, K p?
Recal: wir K¢ iff vw €W (Ri(w, W') > W' IF @)

For each win Ry(ws, w), does w; IF K1 0%

wsl- K; p°e

Agent 2 doesn’t know if agent 1 knows p.



Recap: Evaluating formulas in KT45”
Given Model structure: M = (W, {R}ieay L).

Does w3 IFK3K,p?
« Recal:wirKi ¢ iff vw €W (R(w, W) - W' IF @)

« Foreach win Rz(ws, w), does ws I+ K,0%

wsl- Ky p¢

Agent 3 can’t access worlds 2 or 1, so it can only reason
over world 3, where it knows that agent 2 knows p.



Basic Decision Theory

Decision node

Chance node

Reward node

Note: “decision tree” also refers to a classification algorithm in machine learning
and is completely different from the type of decision tree we will talk about here.
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Note: “decision tree” also refers to a classification algorithm in machine learning
and is completely different from the type of decision tree we will talk about here.




Example: Buying a car

Problem setup:
« Choice between 2 cars (C; and C,), which can each be good (+) or bad (-) quality
« Two tests that cost $$: (T, : $50, T,: $20)

« C, costs $500 below m.v., but if it's bad quality, must be repaired for $700
« (C, costs $250 below m.v., but if it's bad quality, must be repaired for $150

Must buy exactly one car and can perform at most one test before buying.



P(C, = +) = 0.7

Example: Buying a car

Problem setup:
« Choice between 2 cars (C; and C,), which can each be good (+) or bad (-) quality
« Two tests for each car that cost $$: (T; : $50, T,: $20)

« C, costs $500 below m.v., but if it's bad quality, must be repaired for $700
« (C, costs $250 below m.v., but if it's bad quality, must be repaired for $150

Must buy exactly one car and can perform at most one test before buying.



P(C1 - '|') =0.7 P(Cz - +) =0.8

Example: Buying a car
P(T,=+]C,=+)=08  P(T;=-]C,=-)=0.65

P(T2=+ICZ=+)=0-75 P(T2='ICZ=')=0.7 ‘

Problem setup:
« Choice between 2 cars (C; and C,), which can each be good (+) or bad (-) quality
« One test for each car that cost $S: (T,: $50, T,: $20)

« C, costs $500 below m.v., but if it's bad quality, must be repaired for $700

« (C, costs $250 below m.v., but if it's bad quality, must be repaired for $150

« Must buy exactly one car and can perform at most one test before buying.

What are the expected costs of C; and C, assuming you run no tests? (Board 1) -



Perform T .

Perform T,
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T1: + T1: - T2: -
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Buy Buy Buy Buy Buy Buy
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No test



Perform T1 Perform T2

C -
P(T,= 4 )

T=+

What is the expected cost of buying C; and C, assuming you run T, 0n C;?
Set up decision between T, and T, (Board 2)



