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Reasoning under Uncertainty Basics
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Uncertainty

e Many algorithms are designed as if knowledge is perfect, but
it rarely is.

e There are almost always things that are unknown, or not
precisely known.

e Fundamental role of uncertainty in AI

¢ Probability theory can be applied to many problems

Basics

e Unconditional/prior probability
- P (X): the probability of X occurring

¢ Conditional/posterior probability
- P (X]Y): the probability of X occurring given Y has occurred.

¢ Joint probability
- P (X, Y): probability of X and Y occurring
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General Example

COMP307 Uncertainty: 6

The Product Rule

Y « P(A)=7/18
X A B C
e P(X=T) = 9/18
T 4 2 319 op(X=T, Y=A) = 4/18
-T | 3 3 3 |92 ¢ P(X=T/Y=A) = 4/7
Y(shape) ; . 6 1g " POYSA/X=T)=4/9
A B C
T e P(X=T, Y=A) = P(X=T)*P(Y=A/X=T)
X 9
il ?
(fill 2) -T 9 e The Product Rule:
= *
. 5 6 18 P(X,Y)=P(X)*P(Y/X)
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The Sum Rule Normalisation
VAR
e P(X=T, Y=A) = 4/18 e P(X=T) = 9/18
Y] a c ( )= 4 /2 = | < (X=T) = 9/
« P(X=T, Y=B) = 2/18 e P(X=-T) = 9/18

T 4 3 19 .p(X=T, Y=C) = 3/18 T { 4 2 DI P(Y=A/X=T) = 4/9
- 6 1s ‘\7/ . 6 18 P(Y=C/X=T) = 3/9

e P(X=T) = P(X=T, Y=A) +P(X=T, Y=B) +P(X=T, Y=C)

e The Product Rule:
P(X)=>_, P(X,Y)

e P(X=T) +P(X=-T) =1
e P(Y=A/X=T) +P(Y=B/X=T) +P(Y=C/X=T) =1
e The Normalisation Rule:

5, P(X)=1
5, PX/Y)=1
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Question Independence
¢ Independence: two variables are independent when neither
« If P(D|E) = 1/4, event can be related to the other events occurrence.
e do we know
- P(D|=E) ?  Variable X1: the firs flip
- P(=DIE) ? ¢ Variable X2: the second flip
- P(=~D|-E) ?
e P(X1=H, X2=H) = P(X1=H) * P(X2=H | X1=H)
e P(X2=H) = P(X2=H | X1=H) because X1 and X2 are
independent to each other
e P(X1=H, X2=H) = P(X1=H) *P(X2=H)
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Independence Example: Rolling a Die
7 [ Coin flipping ¢ What is the probability to get a 1" ? i
'
. . - - )
0.5 What is the probability to get a "6” ? . ... W —ee
A A \\\. t/
05%x05=025 lorz*2=7)  If rolling twice, what is the probability of get a g
v, X X 2 at-)the first time, then get a “3” the second
05x05x05=0.125 (or Zx2xz=7] 2'9_.;.'_; ____________ 025 9._2_;_} 0.25 time
e Further:

e Independence X 1Y
« o P(X|Y) = P(Y)

e o P(X,Y) = P(X) * P(Y)

- If rolling twice, what is the probability of get
two “6"s ?

- If rolling once, what is the probability of a “2”
ora“5”?
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Example

e Windy or Calm
eDayl ——>Day 2

e P(D1=W) = 0.5

e P(D2=W|D1=W) = 0.6
e P(D2=W|D1=C) = 0.3

¢ Question: P(D2=W) ?

« P(D1=C) = 0.5
+ P(D2=C|D1=W) = 0.4
+ P(D2=C|D1=C) = 0.7
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¢ Uncertainty is everywhere

* Different rules

» Frequentist probability VS Bayesian probability

* Next Lectures: Bayes Rules and Naive Bayes




